
Stanford University, as part of their energy program, targeted two historic buildings for Energy audits, 

Cantor Art Center and  Cecil H. Green West Library due to their relatively high energy usage when 

compared to other buildings.   The audit focused on a few energy projects, which was followed by 

design and construction of these projects.    Now that these have been installed for a full year, through 

Measurement & Verification, savings of over $500,000/yr have been proven. 

Mechanical systems in the buildings consisted of constant volume central station air handling units 

(AHU) with fixed outside air, humidification, chilled water and reheat coils.   These AHU’s were being 

controlled by an Energy Management and Control System (Rosemont).   The control sequences were 

standard for this type of application.  Zone temperatures were controlled by modulating the chilled 

water coil and heating coil depending on demand, and zone humidification was controlled by 

modulating the chilled water for dehumidification and the steam to steam humidifier for humidification.    

Trending of this data revealed hunting of both temperature and humidity with cycling of each around 

setpoint in a continuous sinusoidal wave.   

 

The projects analyzed during the audit and constructed included the following: 

 

1) Add Air side economizers 

2) Add VFD’s to air handling units 

3) Replace steam to steam humidification and electric humidification with ultrasonic humidifiers 

4) Change the humidification control to be based on dewpoint instead of relative humidity. 

5) Add wireless zone temperature and humidity sensors. 

 

 

 



Economizers 

Economizers aren’t typically utilized in humidified spaces because of the difficulty controlling humidity 

with the variable outside air loads.   The success of the economizers were dependant on the use of the 

ultrasonic humidification.   The ultrasonic humidifiers use the heat content in the air stream to help 

evaporate the water,  and creates the same effect as an evaporative cooler.   That means that if there is 

a demand for cooling and you use the economizer, and put any load on the humidifier, you get some 

evaporative cooling effect along with the free outside air cooling.  

Variable Frequency Drives 

As noted above the existing system was designed as a constant volume system, which is relatively 

common for humidity controlled spaces.   However, since the loads are significantly lower when the 

library was not being used, or unoccupied, it was felt that the VFD’s could turn down the fans close to 

minimum speed at night.   Although this does effect the response time of the humidity control, and 

temperature control, the loads were low enough and the control sequences would be written so that 

the fans could speed back up based on temperature or humidity demand.  As part of the addition of 

variable frequency drives, the motors were replaced with premium efficiency motors. 

Variable frequency drives were also added to the building chilled water and heating hot water pumps.   

Although there are mostly two way valves, the system was using a controlled bypass. 

Steam Humidification 

The existing humidifiers were beginning to require significant maintenance, and from the trending 

beginning to have problems meeting the load.   The steam for the building is purchased from a central 

plant and therefore has an encumbered maintenance cost in the rate making it relatively expensive 

when compared to conventional utility purchases.   Also, the existing humidifiers, when being worked 

on, required shutting down the system, and loss of humidity control during maintenance/repairs.    

Ultrasonic humidifiers (USH) were recommended as they use the energy in the air stream, partially cool 

the air while humidification with very little energy required.   These do use DI water so, that filtration 

cost would normally need to be considered.   However, DI water was already being used in the building 

for the existing steam to steam humidification so it was not a significant increase in cost.   In addition, 

for the USH, they can be provided in racks so that there are multiple humidifiers in each rack.   This 

allows for redundancy to be provided and eliminate the shut down issues associated with 

maintenance/repair.   With all humidification systems, dispersion distance is an important aspect of the 

design.  In order to entrain the moisture in the air, enough distance between the humidifcation 

equipment and coils, fans, or elbows must be maintained.   In an existing system being retrofitted, some 

compromises will likely have to be made.   

Humidity Control 

Perhaps the largest potential in savings, was the change to dewpoint temperature control from standard 

humidity control.   It was proposed to control supply air dewpoint to meet room humidity requirements.     



Relative humidity varies with dry-bulb temperature wheras the dewpoint does not.   This allows for 

more stable control when coupled with actual room/zone sensing instead of return air sensing.   As 

such, dewpoint sensors were added to the supply air of each system, and one outside air dewpoint 

sensor was added.   

Results 

The projects were challenging to implement in an operational facility.   Each system had to be done one 

at a time so that the entire building was not affected.   Because these historic buildings were not built 

like a humidity controlled space, they “dry out” quickly once they are shut down, and take a substantial 

amount of time (more than a week) to reach steady state again after start-up.   This amplified the need 

to have the redundancy in the new systems. 

Commissioning lasted several months as the new systems dynamics were learned by the in house EMCS 

staff along with finding problems with existing equipment.   This also was a cultural change given the 

learning of new sequences based on dewpoint instead of relative humidity. 

The final results were better than predicted, savings were actually very close, hence the utility incentive 

was initially based on savings calculations of 1,231,928 equivalent kwh and 7,985 equivalent Therms was 

revised to 1,183,025 kwh and 18,903 Therms ($181,518) based on the trend data submitted post project 

implementation.  The actual savings for electricity, steam and chilled water approached 50% of the total 

building usage based on the following whole building metering: 

 

 



 


