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NC STATE UNIVERSITY

Energy and water are among NC State’s most
necessary and costly expenses. For more than
a decade, the university’s campus-wide energy
management strategies have enabled significant
conservation of vital fiscal and environmental
resources. This report provides an update on
campus progress toward utility reductions,
highlights specific projects and outlines strategies
for the next fiscal year that will contribute to
further reductions.

SAMPLING OF PROJECTS COMPLETED DURING FISCAL YEAR 2019
PROJECT

BUILDING(S)
IMPACTED

COST

ESTIMATED ANNUAL
COST AVOIDED

Recommissioning and Controls Upgrade

1911 Building, Engineering Building II,
McKimmon Center, Park Shops

$172,000

$420,000

Holiday Energy Savings Initiative (HESI)

Campus-wide

$0

$390,000

Summer Classroom Scheduling (SESI) 2018

Campus-wide

$0

$100,000

Controls System Upgrade

Jordan Hall

$101,000

$46,000

Steam Trap Survey and Replacement

Utility Plants

$11,625

$30,000

LED Lighting

Weisiger-Brown Athletic Facility (weight
room) and Dail Basketball Center

$61,464

$14,639

Ultra-low Temperature Freezer Rebates

Various labs

$61,500

$11,000

Boiler Tune-ups

Cates Utility Plant

$34,860

$10,000

LED Lighting

Isenhour Tennis Center

$90,800

$9,772

Outdoor Lighting (Continuation from FY18)

Main Campus

$22,423

$9,711

Phase Change Material Pilot Project

Pullen Hall

$23,877

$2,700

2019 STRATEGIC ENERGY AND WATER ANNUAL REPORT

3

HIGHLIGHTS
The following are highlights and accomplishments of energy efficiency strategies
implemented during fiscal year 2019:
Energy Management successfully funded more
than $1.3 million of campus energy projects
that resulted in projected annual savings of
$250,000. Multiple projects ranging from lighting upgrades to building controls improvements
were completed through cost-sharing programs
with campus partners.
Through the collaboration among business units
within Facilities Division, Energy Management
compiled the fiscal year 2018 Reinvestment
Act claim for more than $3.2 million in energy
savings. The Reinvestment Act of 2010, also
known as NC House Bill 1292, allows NC institutions to capture a portion of energy and water
savings for reinvestment in further conservation
projects.
The in-house Commissioning Team’s work
continues to improve the efficiency of NC State
buildings through mechanical equipment calibrations, sequence adjustments and schedule
implementations. Partnering with Building
Maintenance and Operations technicians, the
team has achieved more than $5 million in energy savings since 2013.

Construction was completed on the Combined Heat and Power (CHP) project in the
Centennial Campus Central Utility Plant. This
is NC State’s second CHP project and is
estimated to save approximately $1.6 million
annually. Construction was funded through
NC State’s fourth energy performance contract (EPC).

+
_

Construction on Thermal Energy Storage
(TES) at the Centennial Campus Central Utility Plant began in fiscal year 2019. TES will
store 3.4 million gallons of chilled water and
offset the need to operate chillers during the
day when electricity prices are high.
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NC STATE UNIVERSITY

ENERGY
PERFORMANCE
CONTRACTING
COGENERATION EPC ON CENTRAL AND NORTH CAMPUS (2012)
Investment: $56.1 million
Contract Duration: 17 years
In 2012, this project replaced aging boilers in both the Cates
and Yarbrough Central Utility Plants with new high efficiency
boilers and a cogeneration system. The cogeneration system,
which is also called combined heat and power, utilizes natural
gas to produce 11 megawatts of electricity while the waste
heat from the process produces steam. Utility savings are
realized due to a reduction in the total cost of electricity and
steam production through increased efficiency. In addition,
the new system is expected to reduce campus greenhouse
gas emissions by 8% (approximately 33,000 MTCO2e).

13 BUILDING EPC (2012)
Investment: $19.7 million
Contract Duration: 19 years
The 13 Building EPC encompasses the following buildings:
Cox Hall, Poe Hall, Tompkins Hall, Caldwell Hall, Winston
Hall, College of Textiles, McKimmon Center, Monteith
Research Center, Research I, Dabney Hall, Carmichael Gym,
Constructed Facilities Lab and MRC Parking Garage. The
EPC included renovations and operational changes with the
HVAC systems and fume hood controls, lighting upgrades,
water reduction strategies and a solar hot water system in
Carmichael Gym. The utility savings for fiscal year 2019 were
$2.1million.
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NC State utilizes energy performance contracting (EPC) to upgrade facilities and systems,
avoid operational expenses and reduce emissions. The university currently has four EPCs.
The four EPCs represent an investment of $98 million and a projected annual utility cost
avoidance of $9 million. Each EPC is fully funded through energy savings generated by
improved efficiency.

PHYTOTRON BUILDING EPC
(2014)
Investment: $6.2 million
Contract Duration: 15 years
Constructed in 1968, the Phytotron Building performs plant,
animal and insect research by simulating environments from
desert heat and drought to Alpine cold and jungle humidity.
The Phytoron EPC addressed HVAC and lighting upgrades,
as well as a connection to the central chilled water loop
and research equipment improvements. Energy savings in
Phytotron were in excess of $500,000 in fiscal year 2019.

CENTENNIAL CAMPUS COGENERATION EPC (2019)
Investment: $17 million
Contract Duration: 18 years
The Centennial Cogeneration EPC removed NC State’s last
remaining #6 fuel oil boiler in the Centennial Central Utility
Plant and installed a high efficiency cogeneration system. The
cogeneration system includes a combustion turbine generator
(CTG) which generates 5.5 MW of electricity, and a steam
turbine generator (STG) that is capable of generating an
additional 1 MW of electricity from the excess steam. Utility
savings are realized due to a reduction in the total cost of
electricity and steam production through increased efficiency.
The new system is projected to also reduce the campus
greenhouse gas emissions by about 4% (approximately
16,000 MTCO2e).
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ENERGY
Campus energy use intensity peaked in fiscal year 2009 and has trended downward since. A combination of
unusually mild weather and uneven fuel oil purchases contributed to the apparent uptick in fiscal years 2017 and 2018.
Compared to the fiscal year 2003 baseline, total energy consumption per gross square foot (GSF) has decreased by
34% (see Figure 1).

FIGURE 1: NC STATE ENERGY USE INTENSITY (BTU/GSF)
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*Combined Heat and Power Adjustment Methodology: NC State purchases electricity, natural gas, fuel oil, and potable and reuse water from third parties. Electricity is also
generated on campus using an 11 megawatt (MW) CHP system. As a result of CHP, fuel use for on-site power generation increases, fuel use for boilers decreases, and grid
electricity purchases (or source energy) decreases.
The methodology for reporting the benefits garnered through the operation of CHP follows the U.S Department of Energy measurement protocol outlined by the Federal Energy
Management Program in the Reporting Guidance for Federal Agency Annual Report on Energy Management issued October 2018. The purpose of the adjustment is to not
penalize organizations under the site energy based performance metric for implementing cost-effective projects where source energy decreases but site-delivered energy
increases.
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WATER
In fiscal year 2016, NC State began utilizing non-potable reuse water supplied by the City of Raleigh on Centennial
Campus. Reuse water is wastewater treated to a high standard and reused instead of being discharged into a
waterway. Reuse water provides a more cost-effective and drought resistant supply of water for cooling towers,
irrigation and toilet flushing. For total water consumption (potable and reuse), fiscal year 2019 reached a 44%
reduction from the fiscal year 2002 baseline. Potable water consumption has decreased by 50% (see Figure 2).

FIGURE 2: WATER CONSUMPTION PER GSF
1 CCF = 748 GALLONS
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WHY DOES REUSE WATER INCREASE TOTAL WATER CONSUMPTION?
Although reuse water is less expensive and more drought
resistant than potable water, the central plant cooling towers
use more reuse water to perform the same function of providing
cooling to the campus. Cooling towers function by evaporating
water for cooling. When water evaporates, any impurities in the
water are left in the cooling tower basin and must be drained

regularly. Because reuse water has a higher concentration of
impurities than potable water, the cooling tower basins must be
more frequently drained, which increases water use. However,
the benefits of reuse water – primarily decreased cost and
drought resistance – outweigh the additional water use.
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SUCCESS STORIES
Collaborative efforts to cut back on HVAC costs over winter break and during the
summer yielded more than $490,000 in avoided utility costs. The Holiday Energy
Savings Initiative over winter break involves setting back building temperatures
and outdoor lighting during the week when the university is closed. The Summer
Energy Savings Initiative is responsible for optimally scheduling classes during
summer sessions to most efficiently heat and cool classroom buildings.

Pullen Hall was upgraded with phase change blankets above its ceiling tiles. The
material in the blankets will freeze and thaw at calculated temperatures around 73
degrees to help regulate the temperature in the building. This makes temperature
fluctuations more gradual, allowing the HVAC equipment to work more optimally. It
also helps limit overheating and overcooling that can occur when the HVAC system
must work to counteract large temperature swings.

Energy Management worked with Phytotron Building staff to reduce energy
and improve occupant comfort. The prep area/hallway connecting the rooftop
greenhouses was too hot to work in regularly and glare from the windows made
observation of the greenhouses difficult at times. Energy Management funded
installation of energy-saving film on the interior greenhouse doors and windows to
significantly reduce glare and reflect the solar energy back into the greenhouses.

Energy Management partnered with NC State Athletics to upgrade the lighting
and lighting controls at a number of facilities including the Isenhour Tennis Center,
Weisiger-Brown weight room, Dail Basketball Center and the Doak Baseball Field
Batting Cage Building. All together these improvements should save in excess of
$27,000 annually.

Energy Systems expanded the use of Events2HVAC in classrooms in order to
schedule room temperatures and HVAC use around particular classes and events.
In fiscal year 2019, the program was expanded to 29 more classrooms in David
Clark Labs, Ricks Hall, Engineering Buildings II and III, and Kamphoefner. The
software will save energy whenever those rooms are scheduled to be unoccupied.

The Energy Systems Commissioning Team worked in multiple buildings in fiscal
year 2019 including Engineering Building II, Terry Center and Park Shops. The
team adjusted temperature and airflow setpoints, recalibrated HVAC sensors and
implemented many more energy conservation measures resulting in $61,000 in
energy savings in the first couple months alone. In fiscal year 2020, the team will
finish work in Engineering Building II and continue to Engineering Buildings III and
Pullen Hall.
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STRATEGIC GOALS
The following goals were established in 2017 as part of development of NC State’s Sustainability Strategic Plan. The
goals will be completed or re-assessed by 2022.

GOAL 1: REDUCE TOTAL CAMPUS ANNUAL ENERGY USE PER SQUARE FOOT BY 40% FROM THE 2002 BASELINE.
GOAL 2: EXPAND THE AMOUNT OF RENEWABLE ENERGY USED TO MEET NC STATE’S NEEDS.
GOAL 3: REDUCE CAMPUS WATER CONSUMPTION BY 65% FROM THE 2001 BASELINE.
GOAL 4: CONTRIBUTE TO NC STATE’S TOTAL GREENHOUSE GAS EMISSIONS REDUCTION BY 25% FROM THE 2008
BASELINE.
Strategy A: Optimize building energy usage through retro-commissioning, persistent commissioning,
maintenance and occupant education. (Goal 1, 3 and 4)
Tactic 1: Use Building Energy Assessment Tool (BEAT) to compare actual EUI to Target EUI based on industry building
energy standards.
Tactic 2: Require building envelope commissioning for new capital projects.
Tactic 3: Implement predictive maintenance program for research buildings.
Tactic 4: Upgrade obsolete buildings controls and employ Direct Digital Controls (DDC) in campus buildings.
Tactic 5: Use a phased approach to switching air handler unit filter media to new technology. This will reduce energy, labor
and filter media waste.

Strategy B: Reduce energy use in NC State’s five central utility plants by 5% from 2015 baseline. (Goal 1, 3
and 4)
Tactic 1: Incorporate variable frequency drives into campus chilled water pumps.

Strategy C: Explore and develop best practices for smart infrastructure and energy generation use in
campus buildings. (Goal 1, 2, 3 and 4)
Tactic 1: Conduct solar and battery storage feasibility study for multiple campuses.
Study complete. It was found that Centennial and Centennial Biomedical Campuses offer more promising returns on
investments than Main Campus. Storage could also be a valuable tool to reduce peak loads.
Tactic 2: Integrate building utility meters to provide accurate, real-time data.

Strategy D: Reduce potable water consumption across all campuses. (Goal 3 and 4)
Tactic 1: Employ reuse (reclaimed or non-potable) water for toilets and irrigation on Centennial Campus.
Tactic 2: Reduce potable water use in campus buildings and utility plants. Assessments of novel and current technologies
will guide efforts.
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PROGRESS
ENERGY AND WATER EXPENSES

Natural Gas: 29%
Electricity: 54%
Fuel Oil: 2%

Water: 15%

Each year, NC State typically purchases approximately $30 million in utilities. During fiscal year 2019, electricity
accounted for more than half of our utility purchase total. Electricity is the utility most influenced by the campus
community and, as such, has the greatest potential for reduction through conservation actions by individuals
such as turning off lights, unplugging electronics not in use, closing windows and doors, shutting fume hood
sashes in labs and turning off computers not in use.

UTILITY COST PER GROSS SQUARE FOOT (GSF)
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Total Utility Cost per GSF has held relatively steady over the past four years due to efforts in conservation,
generation, and strategic procurement. For fiscal year 2019 the Total Utility Cost per GSF is $1.84/GSF, which
is 6.6% lower than the baseline despite energy prices that have increased by 22% and water prices that
have increased by 347% since fiscal year 2003. Energy and water efficiency gains, coupled with low natural
gas prices and Energy Management’s strategic purchasing of natural gas, have all contributed to the gradual
reduction in Total Utility Cost per GSF. Relatively steady utility prices and weather patterns have produced
similar costs compared to fiscal year 2018.
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KEY PERFORMANCE INDICATORS (KPI)
2002-03

2012-13

2013-14

2014-15

2015-16

2016-17

2017-18

2018-2019

%
CHANGE
(1 YEAR)

UTILITY COST, $ / GSF

$1.98

$2.05

$2.18

$1.99

$1.78

$1.80

$1.85

$1.84

-1%

-7%

ENERGY COST, $ / GSF

$1.87

$1.83

$1.93

$1.74

$1.52

$1.53

$1.58

$1.56

-1%

-17%

$0.11

$0.22

$0.25

$0.24

$0.26

$0.28

$0.27

$0.28

4%

135%

171,810

132,331

128,518

123,115

115,692

116,763

119,144

113,859

-4%

-34%

2001-02*

FISCAL YEAR

$0.12

WATER COST, $ / GSF
ENERGY CONSUMPTION
(BTU / GSF)

% CHANGE
FROM
BASELINE

POTABLE WATER
CONSUMPTION (CCF /
GSF)

0.066

0.054

0.034

0.034

0.033

0.032

0.034

0.031

0.033

7%

-50%

TOTAL WATER
CONSUMPTION (CCF /
GSF)

0.066

0.054

0.034

0.034

0.033

0.034

0.037

0.035

0.037

6%

-44%

CAMPUS AREA
GROSS SQUARE FEET
(GSF)

9,796,638

9,910,619

14,453,596

14,966,918

15,144,558

15,119,248

14,978,780

14,972,547

14,963,604

-0.10%

51%

*Baseline year for water cost and consumption per gsf is fiscal year 2001-2002 as defined in Executive Order Number 26. For all other KPIs, the baseline year is fiscal year 2002-2003.
Baseline

ENERGY USE INTENSITY AND CAMPUS GROWTH
The following figure illustrates the university’s growth and total energy consumption over time. As indicated by this
figure, the university continues to make significant progress in reducing its Energy Use Intensity through energy
efficiency strategies and efforts by the campus community.
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FISCAL YEAR 2020 PLANS
The following is a sample of projects planned for fiscal year 2020.

BUILDING(S)
IMPACTED

ESTIMATED
COST

ESTIMATED ANNUAL
COST AVOIDED

Recommissioning

Alumni Center, Engineering Building II,
Engineering Building III

$200,000

$450,000

Chiller Plant Pump Improvements

Yarbrough, Cates Utility Plant

$115,000

$40,000

Whole Building LED

Biltmore, Robertson, Pulp and Paper

$300,000

$34,000

Building Envelope Studies

Schaub Hall, Terry Center

$100,000

$30,000

Exterior LED Lighting (Partnership with Capital
Project Management)

Main Campus

$384,000

$21,000

ULT Freezer Rebate Program

Various Academic Buildings

$70,000

$11,000

Academic Success Center LED

D.H. Hill Jr. Library

$60,000

$8,500

Whole Building LED

Centennial Biomedical Utility Plant

$59,905

$8,000

LED High Bay Lighting

Centennial Campus Utility Plant

$55,000

$8,000

Events2HVAC Expansion

David Clark Lab, Engineering Building II,
Engineering Building III, Kamphoefner

$11,000

$7,500

Surface Condenser Water Reuse

Centennial Campus Utility Plant

$10,000

$5,000

Dairy Plant Washer Upgrade

Schaub Creamery

$4,000

$2,500

LED Lighting

Softball Practice Cages

$10,000

$1,000

PROJECT

The Strategic Energy and Water Annual Report
is produced by NC State Energy Management
go.ncsu.edu/energymanagement
save-energy@ncsu.edu

