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Executive Summary 
Approach 

Commercial buildings waste on average 30% of their energy (DOE, 2019). WCU’s approach to energy 

management therefore focuses on demand-side management by implementing no-cost to low-cost 

proven conservation and energy efficiency measures first. This is accomplished via the building 

automation system (BAS) which is software that operates two-thirds of the campus heating, ventilation, 

and air conditioning (HVAC) which can represent 40-50% of a building’s total energy usage (EIA, 2017).  

“You can’t manage what you don’t measure.” While this is an old business adage, it is central to energy 

management at WCU. Investments in metering have allowed WCU to benchmark energy usage for 95% 

of the 40 largest buildings on campus compared to 12% in FY12/13. This has brought to light that five 

buildings account for almost 25% of all utility costs on campus (see pg. 6) 

Summary of Fiscal Year 20/21: 

 

• Total avoided costs of over $1.5 million since 2013 ($800,000 in energy savings, $700,000 in 

recovered steam plant operational costs) 

 

• Submitted $229,000 in House Bill 1292 energy savings carry forward (13 projects compared to 9 for 

the previous year). For perspective, the electric savings alone (2.7 million kWh) would require over 

$4,000,000 in solar to generate.  

 

• Recovered $94,137 in steam plant operations (over $700,000 in recovered steam plant operational 

costs since 2013) 

 

https://www.energy.gov/eere/buildings/about-commercial-buildings-integration-program
https://www.eia.gov/consumption/commercial/reports/2012/energyusage/
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• Replaced 1990’s era controls at the Hunter chiller plant and have reduced usage by almost 50% in 

the first 6 months for an avoided cost of over $30,000. As of July, the largest chiller is now only used 

for redundancy. On the older system, it was not uncommon to see all three chillers running.  

 

• Completed controls upgrade of the Ramsey Arena air handlers from pneumatic to direct digital 

control (DDC) and replaced original hot water and chilled water valves on all 7 units.  

 

• Replaced failed controller on air handler three at Stillwell before Christmas. With the new controller, 

we can now un-occupy the entire academic wing of Stillwell which was previously running 24/7. This 

has reduced usage by approximately 10% for an avoided cost of around $10,000.  

 

• Worked with design engineers, commissioning agents, and controls contractors over the past 5 

years on the HVAC and lab ventilation systems at the Apodaca Science Building. The most complex 

building on campus is finally online and utilizes an energy recovery loop to recover thermal energy 

exhausted by the laboratories to preheat or precool incoming air.  

 

• Total Utilities for FY20/21 - $3.5 million (electric - $2.3 million ;  natural gas - $736,000 ; water - 

$356,000) 

 

 

Electricity accounts for two-thirds of all utility costs….. 
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However, electricity is less than half of total energy usage; more financial savings by reducing electricity, but more 

energy savings by reducing natural gas usage. Electric usage does not account for source usage and inefficiencies. 

 

FY20/21 Usage 
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WCU currently stands at a 50% reduction in energy usage intensity (EUI or how much energy we use per 

square foot of campus) compared to the baseline year of 2002-2003 and continues to exceed the State 

Energy Office’s Utility Savings Initiative of 40% by 2025. Certainly, COVID has contributed to this year’s 

reduction, typical electric bills for campus were down 25% starting in April of 2020 (see Addendum for 

long-term energy trends starting on p.23). 

To reduce campus EUI by just 1% requires a reduction of 6 billion British Thermal Units or BTUs (1 match 

represents the equivalent energy in 1 BTU). For perspective, that’s roughly the same reduction as 

1,800,000 kWh (over $100,000 in electrical usage) or 60,000 therms (almost $30,000 in natural gas).  

Overall campus electric demand (kW) is also trending downward despite a 25% increase in building 

square footage and an additional 4,000 students (40% increase) since FY2005/2006. The graph below is 

compressed to show 12 months which can exaggerate trends and doesn’t factor weather, but in general 

the overall monthly demand is trending downward before and after COVID (e.g. for April-June the uptick 

in electric demand since students and staff have returned is still lower than in previous years).  

The highest peak demand of 8,640 kW was back in August of 2013 (monthly cost of over $300K). For 

perspective, if the average person can maintain 100 watts on a bicycle, it would require 86,400 people 

(pedaling) to meet a campus demand of 8,640 kW.  

Tableau graph courtesy of Nathan Hodges and Alison Joseph  
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Building Usage  

Of the 40 largest buildings on campus, five account for almost 25% for all utility costs (energy and 

water), the top 15 buildings account for 50% of campus utilities. Continued focus on the top tier of the 

most expensive buildings will yield the greatest financial, energy, and CO2 savings.  

 

*meter data incomplete due to steam condensate leak or electric meter failure 

 

 “Bigger targets = bigger opportunities” – Patrick Richardson 

 

Opportunities and status of the top 10 most expensive buildings are as follows: 

• 1) Hunter Library - $260,628 – Previously Hunter Library had a total utility cost over $300,000, a 

second portable meter found the 

steam data to be suspect, 

replacement of the existing steam 

condensate line is pending. A BAS 

upgrade of the chiller plant along with 

BTU meter upgrades have reduced 

usage on that plant by 50% and saved 

over $30,000 in the first six months 

(see page 16 for details). A major 

renovation of the building mechanical 

systems is needed. Last major 

renovation was 38 years ago, in 1982.  
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• 2) Ramsey Arena Center – $194,446 - With the third phase of the VFD / BAS controls upgrade 

complete, Ramsey has an avoided electrical cost of over $100,000 to date (page 20). Phase 4 

and 5 will include replacing the pneumatic controls on the concourse and office areas.  

 

 
 

• 3) Health and Human Science Building – $177,389 - Despite housing an anatomy lab, campus 

servers, multiple hoods, and a PT clinic with therapy pool, HHS operates at an ENERGY STAR 

level for an office building (25th percentile of energy usage compared to similar building stock). 

This performance is due to a building tune-up project initiated in 2015 along with the 

implementation of scheduling software (Events2HVAC) to heat and cool spaces as needed using 

the 25Live schedule. Continued vigilance is still needed to maintain the 30% reduction and 

$50,000 in annual savings. The oversized chiller and needs of the Anatomy Lab also require 

monitoring to balance dehumidification and prevent over-cycling of the chiller. Post-COVID 

(when…?), an additional 20-30% could be saved by un-occupying non-critical areas over the 

weekends during spring, fall, and winter (reducing operating days from 7 to 5 days a week).  
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• 4) Belk Building – $166,567 - Built in 1971, Belk would need a major mechanical renovation to 

achieve significant energy savings. Improved scheduling has already reduced run hours by 30%. 

Cost above is prior to scheduling adjustment, building meter failed one month after adjustment. 

While a new meter has been installed, additional configuration is still needed.  

 
 

 

• 5) Stillwell Science Building –  $166,406 - This building is scheduled for a partial backfill once the 

Apodaca Science Building is completed as some of the existing hoods will be removed as classes 

move to Apodaca. The recent emergency replacement of the controls on air handler 3 has 

allowed us to un-occupy the academic wing which was previously running 24/7. To date, this has 

reduced usage by approximately 10% for an avoided utility cost of around $10,000.  
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• 6) Bardo Arts Center – 

$165,592 - BAS upgrade to 

just the Museum took 

place in 2019 to help 

improve the humidity 

control necessary for 

accreditation (many 

museums and collections 

require a history of 

temperature and humidity 

control before loaning out 

works of art). While 

additional programming 

software and training was 

purchased to initiate a building tune-up, progress continues to be slow. While completed in the 

early 2000’s the BAS technology is from the late 90s and is cumbersome to work with even for 

experienced vendors (if you can imagine meeting your current office demands while still using 

Windows 95). Maintenance contract with BAS vendor will focus on continuing the building tune-

up. By simply running the Theatre HVAC for events only (previously running 7am-10pm) has 

saved over $12,000 a year (over $60,000 to date).  

 

• 7) Courtyard Dining –  $151,939 - The most expensive building per square foot on campus. The 

campus average for utilities is less than $1.00 /ft2 while Courtyard is over $4.00 / ft2 (in fairness 

it is a dining hall, however, it’s energy usage intensity is still above the nation median value for 

dining halls). A feasibility study is still needed to see if make-up air can be provided directly to 

the existing kitchen hoods. Currently all make-up air for the kitchen area is conditioned air 

(heated and cooled) provided by the building’s two air handlers (instead of make-up air at the 

kitchen 

exhaust). This 

creates 

comfort 

issues when 

hot, humid 

outside air 

must be 

conditioned 

and supplied 

to the 

kitchen, in 

addition to 

the full load 

created by 

occupants. A 

BAS upgrade is also on the horizon. 
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• 8) Natural Science Building – $140,015 - built in 1977, scheduled for demolition in 2021. Despite 

having 21 buildings on campus larger than NSB, it was fourth on the list for using the most 

steam of any building on campus last year, demonstrating how energy intensive an inefficient 

science building can be.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

• 9) Coulter Building – $110,326 -  Built in 1978, the current HVAC system is all pneumatic and 

requires a major renovation.  
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• 10) Balsam Residence Hall – $97,222 - Balsam is in the top 10 as it houses a chiller plant for 

both itself, Blue Ridge Residence Hall, and Courtyard Dining. While Courtyard chilled water 

usage has been accounted for, further refinement is needed to separate chilled water usage 

from Balsam and Blue Ridge. Opportunities to un-occupy (relax the cooling setpoints) for the 

majority of the rooms exist over the summer when the building is used periodically for 

conferences. This opportunity also exists for Blue Ridge and Harrill Residence Halls and only 

requires minor coordination to arrange, as it can be done remotely.  
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Utility costs totaled– Excel 3D maps 
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Focus for FY2020/2021 

• Continue to replace building automation systems (BAS) greater than 15 years of age that no 

longer have building level controllers available or whose database cannot be supported with 

campus migration to latest version of Windows server. Capture associated energy savings with 

House Bill 1292 to fund future BAS upgrades (which has grown from $22,000 in FY13/14 to over 

$229,600 in FY20/21) 

o Implement phase 4 of BAS upgrade at Ramsey Arena; replace original pneumatic 

controllers on the two air handlers and 40 plus zone controllers serving the Concourse; 

replace pneumatic controls on the auxiliary gym. 

o Review the existing BAS system at Bardo Arts Center and obtain quotes for phased 

upgrade.  

o Replace the aged pneumatic system on steam heat exchanger at Reid Gym. 

 

• Provide support for the HVAC, lab ventilation, and energy recovery loop at the Apodaca Science 

Building (an additional 2,400 points of data to manage). This building continues to require a 

large amount of time to fine-tune and to establish the baseline performance of the lab 

ventilation system (i.e. snapshot of the current system capacity so we can monitor for degrade 

over time).  

 

• Roll out weekend schedule on 11 academic buildings which currently run all weekend regardless 

of occupancy (estimated savings of $100,000).  A rough estimate shows a potential CO2 

reduction of 5% needed toward Executive Order 80. – Rollout delayed due to COVID- 8/26/21 

 

• Create video content on Building Tune-Ups as part of the UNC Energy Managers sub-group. 

 

 

• Refine existing alarm management program within the BAS to only generate alarms on primary 

equipment (chiller, boilers, air handlers) that need immediate response from HVAC shop. 

 

• Install ultrasonic meter at Balsam cooling towers, currently un-metered. Estimated $5,000 - 

$6,000 in potential annual avoided sewer charges based on other cooling tower data. This has 

been on the list for a few years, but is usually de-prioritized as more immediate issues come up 

on campus (e.g. mechanical / controls failures, humidity control issues, COVID).  

This will be in addition to maintaining daily operations on over 2.2 million ft2 of BAS systems and 180 

electric and water meters across campus.  
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Executive Order 80 

 

The Governor’s Executive Order 80 calls for a 40% reduction in CO2 emissions compared to a base year 

of 2005. WCU is currently at a 17 % reduction which due to COVID is an artificial number. This is based 

on total energy consumption and emissions instead of energy or CO2 per square foot. Campus square 

footage and student enrollment have grown 25% and 40% respectively, since the baseline year in 2005. 

Many universities that in good stewardship have pledged to be CO2 neutral by 2030 or 2040 are not 

close to meeting this goal. Of the 450 colleges and universities that pledged to be carbon neutral only 

seven have reached carbon neutrality and all seven used carbon offset purchases (Second Nature, 

2020).  

However, there are cost effective opportunities to reduce emissions, save on utilities, and extend the 

life of mechanical equipment. How then do we prioritize resources, both time and fiscal? Below is list of 

executed projects on campus along with their financial and emissions impact. The last column shows the 

pounds of CO2 reduced per dollar spent on project in order of the most cost effective to least.  

https://secondnature.org/media/colleges-commit-to-carbon-neutrality-getting-there-is-hard/
https://secondnature.org/media/colleges-commit-to-carbon-neutrality-getting-there-is-hard/
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*LED savings compare 12 months prior and post installation and do not include maintenance savings ; solar installation cost 

does not include structural cost for solar lounge which are unique 

One of the greatest opportunities not yet executed would be to relax heating and cooling setpoints on 

the weekends in non-critical areas of 11 academic and office buildings (e.g. Forsyth, Belk, Killian, Killian 

Annex, Bardo, Breese, McKee, CAT, HFR, Old Student Union, and HHS). This would involve coordination 

to identify critical areas (e.g. radio station at Old Student Union), but simply going from running 

equipment 7 days a week to 5 days is a 28% reduction in run time and associated emissions for a 

potential avoided cost of over $100,000 and a campus reduction of another 5% or 4,000,000 lbs. of CO2 

(see pg. 27 for calculation). 

For buildings with newer BAS systems, if weekend or after 

hours’ events are in 25Live (classroom scheduling 

software), that schedule can be pushed down to the 

building level controllers with third party software 

(Events2HVAC). This already has a successful track record 

as demonstrated at HHS (see cash flow chart on pg. 21). 

One of the best complements came from Dean Keskula 

who when asked many months later about the project had 

forgotten about the installation of Events2HVAC. This is 

more than understandable given his responsibilities, but 

demonstrates how such projects can be executed with 

minimal disruption. Staff there were consulted before 

proceeding and critical areas such as server rooms and 

laboratories were excluded from the project.    

Due to continued COVID concerns the implementation of campus weekend scheduling has been delayed.  

 

While solar and renewables dominate the discussion in the media, they have a low amount of savings 

and emissions reduction on campus (as seen above) given our low commercial utility rates and 

exemption from federal and state credits. This should not be interpreted as an attack on renewables as 

they are robust technologies (25-year warranty is standard on most solar panels), however if we are 

looking to achieve the greatest fiscal savings and reductions in emissions we need to prioritize our 

projects and resources. Therefore, we approach in the order of conservation, efficiency, and then 

renewables.   

 

 

 

 

 

 

CO2 sensors are used across campus to 

monitor indoor air quality and to 

increase outside air when levels 

increase. A typical range is around 400 

parts per million (ppm). When 

converted to a percentage this is 0.04 % 

or 4 one-hundredths of 1 percent.  This 

is compared to 78% nitrogen and 21% 

oxygen that comprise the air we 

breathe. This small trace amount is 

what regulates heat in the atmosphere. 
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Hunter Library Chiller Plant Controllers Upgrade 

The chilled water plant at Hunter Library 

provides chilled water for building cooling to 

Hunter, Stillwell, Hoey, and McKee and was 

a concern considering the existing control 

system was at its end of life.  

By February of 2021, we had upgraded not 

only the controls system, but had integrated 

BTU meters on each branch of the system in 

order to determine what was driving 

demand by building. This led to the 

discovery of a few suspect hot water valves 

on the air handlers on the West wing of 

Hunter Library. The aged pneumatic lines 

were either failing to provide adequate 

pressure to keep the hot water valves closed 

or had been manually set to provide comfort 

during the winter months. 

Unfortunately, a complete renovation of the 

HVAC system at Hunter is needed to 

completely resolve these issues that are 

creating a false heating load that requires 

running the chillers even during winter 

months. The 1950’s pneumatically 

controlled air handlers are also unable to 

properly economize or control available 

outside air for cooling.  

However, despite these discoveries we have been able to reduce usage there by almost 50% for an 

avoided electric savings of over $30,000 in just six months. After consulting with the chiller service 

technician, we scheduled the smallest to largest chiller to run in that order to meet the demand from 

the buildings. Even in the first week of August we are able to meet demand by running the smallest 

chiller (150 Ton - blue trend below) as the baseload and have the middle-sized chiller (270 Ton – yellow 

trend) come on-line a few times daily as needed. Note the largest chiller (400 Ton – green trend) has not 

enabled a single time during this period. On the older control system it was not uncommon to see all 

three chillers running.  
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By reviewing the existing system with the original engineer of design we also discovered that the 1990’s 

control system at Stillwell was not operating as intended. We were able to meet the design intent by 

adding a BTU meter to monitor the chilled water demand at Stillwell and a meter on the branch 

supplying chilled water to Stillwell. In the screen capture below the building demand at Stillwell is 160.2 

gpm which we are able to provide and slightly overflow at 191.8 gpm by controlling the bridge valve to 

the building to open to 29%.  

 

The previous system was controlling by comparing return temperatures and was providing twice as 

much chilled water as needed. This excessive amount of chilled water was then returned to the chiller at 

a temperature much less than design which reduced the cooling capacity of the chiller and in some 

instances would require an additional chiller to run. On the screen capture below, note the drop in 

demand on the entire system from 600 gpm to 300 gpm on March 10th once the new program at 

Stillwell was downloaded.   
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Project Cash Flow Summaries   
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Addendum / Updated Data 

 

House Bill 1292 Energy Carry Forward Savings – additional projects have helped offset loss of previous condensate 

savings which were as high as $40,000 in FY16/17 down to $13,000 by FY19/20. 

 

 

 

 

Recovered steam plant operational costs to date from campus wide meter upgrade 
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EUI and student growth compared to baseline FY 2002/2003; One BTU is equal to the energy in one match, WCU 

used the equivalent of 89,686 matches per square foot in F20/21. 

 
More importantly total energy usage (MMBTUs = million BTUs) has also dropped over the last five years despite a 

74% increase in students and 37% growth in campus square footage compared to baseline year of 2002/2003.   
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Electric cost per kWh and Natural Gas cost per Dekatherm (DTH) 

 

Cost comparison for equal amount of energy (1,000,000 BTUs) ; electric almost 4x the cost to provide same amount 

of heat ; useful information for when projects want to use electric heating which typically has a lower initial cost 
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Steam usage (lbs.) for FY20/21; missing or incomplete data in red 

In FY20/21, we measured 53,953,914 lbs. of steam at the building condensate meters compared to 

81,594,488 lbs. produced at the steam plant. Considering that the steam charts at the plant over-

estimate production and the building condensate meters won’t capture what’s flashed off or diverted 

down the drain when a condensate leak is identified, this represents 66.1% of production (lbs. at 

condensate meters / steam charts at plant) 

If you use the steam plant production data, it results in a plant efficiency of 65% (BTUs in lbs. of steam 

produced / BTUs in natural gas consumed). Based on the steam condensate meters at the buildings you 

have a plant and system efficiency of 43% (BTUs based on gallons of steam condensate measured at 

building level / BTUs in natural gas consumed). Both numbers are down from the past year (75% to 65% 

at the steam plant and 56% to 43% at the building meters) due to condensate leaks that prevent heated 

water from returning to the steam plant.   

The steam readings above in red represent either incomplete data or a condensate leak which shows 

zero as the steam condensate goes to the drain before the meter instead of continuing to leak under 

campus.  
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Calculation of CO2 savings with weekend setback for 10 office and academic buildings. Savings and reduction 

calcuations are rough estimates to demostrate potential savings and should not be taken as exact 

 


