
Revealing the Secrets – Why Chilled Water System with Roof Top AHU and Air Side 

Economizing (ASE), may come up short and how to improve them.  

Air side economizing in Data Centers has been a hot topic for a few years now.  I have seen many projects be 

completed with ASE and then never realize the total energy savings promised. This is for many reasons; 

typically it starts with the general contractor “value engineering” part of the cooling system design out, or the 

contractors trying to cut costs, or the engineering group over estimating the total energy savings.  In this 

editorial, we will discuss why these projects fail to deliver the promised savings and how to improve their 

designs. ASE facilities are typically very difficult to evaluate due to the drastic variances in equipment, 

controls and engineering design methods.  Understand that this document only describes the area of concern 

that we feel, you as the facilities personnel, should evaluate. 

These projects are prime for Efficiency Finance and should be evaluated for such. Typical Efficiency Finance 

projects allow the customer to receive 20% of the total savings, which Efficiency Finance typically rolls in the 

maintenance, service, warranty and monitoring into the length of the agreement. This type of project can 

significantly reduce the OPEX burden of any facility. The following four areas are of specific interest to any 

ASE project and can be retrofit to improve the efficiency of ASE. 

1. Fan Energy – Address the type of fans and air distribution operation within the system 

2. Chilled Water System Energy– Address the type of primary cooling within the system and how to 

make your current systems more efficient. 

3. Economizing Operation – Address the specific operation of the cooling system when economizing 

and control of hours of economizing. 

4. Control System – Address the ASE control system, any successful ASE efficiency upgrade should take 

a holistic approach to maximizing the entire facilities’ environmental control with one goal in mind, 

reducing the energy needed to cool that facility. 

First with any project you get what you pay for.  Nothing is for free.  The current projects that we see on a 

daily basis consist of undersized heat exchangers, undersized ductwork, poor part load chiller operations and 

limited or poor process controls.  These items also have to be added to the list of items addressed with any 

energy evaluation and any upgrade.  As usual there are a few main parameters needed to be known to 

evaluate the ability of improving your existing facility.   

 Existing kW per ton – the best way of evaluating a facilities energy use is to either do a month long 

measurement of the following or add the following parameters into your control systems for 

trending. Please ensure the measurement tracks the hours and the outside temperature conditions 

(Wetbulb, Drybulb and Dewpoint) in which all measure are taken. 

o Building Energy Use 

 Inlet UPS Energy Use     

 Outlet UPS Energy Use     

 Total Facility Energy Use    

o Conditions 

 Outside Air Dry Bulb     

 Outside Air Dew Point     

 Outside Air Wet Bulb     

 External Supply and Return Air Static Losses – The first step to evaluating an energy efficiency 

upgrade for your system is to understand how much pressure your system requires to move the air 

to where it’s needed. 



o Supply Air Pressure        Note: Take the reading with a monometer 10 

feet away from the discharge of the fans.  If the fans discharge through the AHU, read the 

pressure after the outlet of the fans and before the coils and filters. 

o Return Air Pressure Loss    Note: Return air losses are usually 

associated with ductwork and air filtration, if you do have ductwork use a monometer to 

measure the negative number right in front of the AHU unit at the ductwork and after the 

coils and air filters at the inlet of the fans.  

o Note and review any supply vain dampers or register throttling.  Create a map of the existing 

ductwork and measure the air pressure in the ductwork on every branch.  

 System Supply Air Temp, Server Inlet Air Temp and Return Air Temp – The theoretical temperature 

difference between the supply air temperature and the return air temperature is pretty much set in a 

typical data center.  This difference is dictated by the air distribution, server rack arrangement, and 

amount of containment. 

o Average Supply Air Temp     Note: Measure the air temp under the 

floor or in the ductwork (AHU units); typically with an AHU system this temp will vary due 

to units or coils cycling on and off. (take the average) 

o Average Return Air Temp     Note: Measure each AHU and Note the 

high and low temperature. 

o Average Server Inlet Air Temp      

 Coil Temperature – Whether you are running a chilled water system with economizers you need to 

know what coil temperatures you are running.   

o Chilled Water System - Typically with a chilled water system this is an easy evaluation.  What 

is your supply water temperature?  Typically most designs average between 42˚F and 50˚F 

for a built-up chiller system design with roof top AHU.  What is your supply water type? 

   

At this point we are now going to specifically address each area and why some of the numbers you’ve collect 

might be an issue.   

1. Fan System Energy – Address the type of fans and there operation within the system. Retrofitting 

the existing fan systems for efficiency is hard to do while operating.  These are some areas that can be 

improved:  

a. Ductwork – The goal is to reduce the amount of static pressure necessary to supply the 

server areas with cool air.   

i. Static Control – Ensure that the static pressure your system operates at is necessary.  

We’ve seen too many times one area of the facility creates an entire system issue for 

static pressure.  If you have a monitoring system capable of trending the position of 

the dampers or the temperatures in all areas, start by making minor decreases in 

the static pressure set point and see what it affects.  If you have a few unique areas 

that create the need for the higher statics, it may be an option of adding booster fans 

in the ductwork for these areas. Typically booster fans would be axial fans in nature 

and can be very efficient.  This change would allow for an overall reduction in the 

static pressure needed for the system, reducing both the HP needed for the fans and 

reducing the heat added to the facility from the fans. Fans can equate to up to 60% 

of a facilities energy use on an ASE facility, any change can and will help. 

Note: For every inch of static that is reduced, amounts to about .20 kW per ton or $175 per 

ton at .10 cents a kWh annually and more than $350 dollars per ton when the fan heat is 

thrown into the equation.    



ii. Supply Air Mains - If possible add parallel runs of ductwork to the existing supply 

mains to reduce the supply air losses.   

iii. Return Air Mains – If possible reduce the return air main pressure losses. 

b. Type of Fans – Switching type and size of fans is practically impossible in operating but it’s 

definitely worth the time to evaluate.  Just retrofitting from a forward curved fan to an airfoil 

plug style fan of the same size can cut the energy needed by 40-60%. 

c. Booster Fans – Adding Tube or Vain Axial Booster fans in all secondary ductwork branches 

to lower the energy needed by primary fans typically is a strategy that can not be beat.   

2. Chilled Water System Energy – Addresses the type of primary cooling within the system and how 

to make your current systems more efficient. Unfortunately it’s the most ambiguous area of the 

system and the hardest to evaluate and change.  Like a well choreographed dance any change to the 

entire system can and will affect the chiller system, sometimes with unintended consequences 

causing more energy use. 

a. Chiller Systems –Since there are so many manufactures and models, each facility will have to 

be reviewed by a specialist. We also in general are not taking into account inefficiencies 

created by poor maintenance and services, which should be evaluated first. 

i. Chiller Maintenance – Ensure the chillers are operating at peak performance.   

ii. Chiller Efficiency - Typically chillers are inefficient in part load operation and some 

at full load.  Measure and evaluate existing chillers kW per ton. Evaluate the 

manufactures stated efficiencies at all conditions.  After this is complete, we might 

suggest load trimming chiller (of a reduced compression design) to balance part 

load operations.  In most cases chillers at part load can consume a large majority of 

any energy savings associated with ASE.   

1. Chiller kW per Ton - When evaluating a chiller system for load trimming 

select a chiller than can maintain a kW per ton lower than the following 

chart.  This chiller must be efficient in all load and condenser water 

conditions. 

 
iii. Chiller Control Systems – The control systems installed must be able to stage 

chillers properly to ensure the primary chillers stay as efficient as possible.  Since 

there are so many manufactures, year of manufacturing and models, each project 

would have to be evaluated on its own merits. 

iv. Depending on the manufactures input, evaluate installing speed controls on the 

chillers to maximize the efficiency within the facilities operation. 



b. Cooling Tower Operation – In most cases floating the water temperature to the chillers 

condenser can provide significant savings. Evaluate the high and low cooling tower 

operation as well as the chiller packages kW per ton at all conditions and make changes to 

the cooling tower system to ensure the chiller systems highest efficiency.  Ensure your 

existing chillers allow for the reduced tower water temperature. 

i. Contact the chiller manufacture to find the best operational low condenser water 

temperature for the facilities particular chillers.  

ii. Design the cooling towers control to maintain 5-8˚F off of wetbulb, with a not to 

exceed between .07 and .10 kW per ton at full load.  This may require adding 

additional towers to the mechanical area.   

1. Evaluate Tower Pump Energy vs. Fan Energy – Depending on the HP of the 

existing towers’ design a control methodology that keeps the fans at the 

lowest speed with more surface area active as possible while reducing the 

total energy of both the pumps and fans. 

c. Cooling Coil Valve Control - In many projects we have looked at control valves that are on / 

off type valves, this is a very inefficient way of controlling the load within the environment.  

If your facility has these types of controls, change the valves to a modulating type of valve 

and control the valves based on the DAT. This change will maximize the surface area of the 

indoor coil and provides the facility the capability of running higher Chilled Water 

temperatures.   

i. Control - Once this change has been made trend and evaluate the position of each 

valve and find the areas needed for a lower chilled water temperature.  In these 

problem areas evaluate the cost effectiveness of adding more coil area to allow the 

increase in the supply chilled water temperature. This may mean adding more AHU 

or in some cases just a new coil.  If a new coil is what is needed keep the air side 

pressure drop as low as cost effectively possible. 

d. Chilled Water Temperature – The goal is to maintain the highest water temperature possible 

for cooling the system efficiency. This change will do two things, allow for a less latent heat 

removal in operation (reducing total tons) and allows for chiller efficiency increases. 

3. Economizing Operation – Address the specific operation of the cooling system when economizing 

and control the hours of economizing to maximize the total energy savings. 

a. Dewpoint Control – If your facility uses a standard outside air temperature control or a 

modified enthalpy control ensure that the ASE only operates when the outside air dewpoint 

is within 2-5˚F of the chilled water setpoint.  (As an example: if the chilled water setpoint is 

45˚F allow ASE to begin at 47-50˚F outside air dewpoint.)  The reasoning for such a design is 

to allow air in with a higher dewpoint, which creates a latent load on the cooling coil (in the 

form of moisture removal on the coil equaling 970 BTU per pound of water) that will cause 

more of a load than the ASE savings will appreciate.  Each facility cooling system should be 

evaluated to find the balance point for when it’s not cost effective to operate the ASE. 

4. Control System – Typically an ASE control system is at best used to monitor the existing systems 

operation. Typically the BMS (Building Management System) will be appropriate to control any new 

equipment and will not be cost effective to switch to another type of control system.  Although most 

likely a supervisory front end like GE Simplicity would make gathering the trending information a lot 

easier. Any successful ASE efficiency upgrade should take a holistic approach to maximizing the 

entire facilities’ environmental control with one goal in mind, reducing the energy burden to cool 

that facility. 

a. Energy Monitoring – Monitor the energy from every component within the system. 

i. Fan Energy 



ii. Chiller Energy 

iii. Chiller Pump Energy 

iv. Tower Energy 

v. Condenser Pump Energy 

b. Valve and Damper Position Monitoring – Monitoring valve and damper positions allow for 

the evaluation of problem areas.   

c. Condenser and Evaporator Fluid Flow Monitoring – Add flow monitoring to both the 

condenser and evaporator loops to evaluate the need for maintenance.  

d. Makeup Water Monitoring – Monitor all water entering the system at all conditions.   

 

The goal with any energy retrofit in a Data Center is that it will not sacrifice the redundancy or reliability In 

the name of energy savings. Also that the energy measures will save the energy that the change intends.  The 

only way to ensure that will happen is require a guarantee and measure the energy savings.  We find it best to 

measure these saving with an ASE system and compare them against the outside dewpoint or wetbulb.  Since 

it is inevitable that when a facility gets power which it can sell, it will… For the sake of accuracy compare the 

kW per ton of the cooling system at any given wetbulb temperature.    

 

 

 

 

 


