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This past summer, four young scholars 
participated in the Darrell J. Nelson Summer 
Intern Program in Energy Sciences Research at 
the University of Nebraska-Lincoln. The summer 
program is supported by the Nebraska Center 
for Energy Sciences Research, a more than 
10-year collaboration between NPPD and UNL. 
At the end of the summer, each of the four wrote 
thank you letters to NPPD for the opportunity 
the District had provided them.

As might be expected, the letters were well 
written and reflective, touching upon how 
much NPPD and the summer internship meant 

to the students and their future interests. The four 
undergraduates were Aaron Ediger, majoring in 
electrical engineering; Rebecca Kiat, majoring in 
biological sciences; Vojislav Medic, majoring in 
electrical engineering; and Spencer Prockish, 
majoring in physics.

As Prockish said in his letter: “The Darrell 
J. Nelson internship has been a wonderful opportunity 
for me to do valuable scientific research.”

Medic: “Besides the professional experience I have 
gained this summer, this opportunity meant a great deal 
to me from a personal standpoint, helping me grow as a 
person.”

Interns 
Conclude 
a Summer 

Full of
Research

Dear NPPD ...



Aaron Ediger is presented a certificate by Alan Dostal, UNL faculty advisor 
Natale Ianno (left) and Jerry Doyle, program manager for NCESR. 

(Continued on Next Page.) 

- Alan Dostal
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Kiat: “It is great to know that I was able to 
contribute towards … a project, which I know is 
important and something that all of us will be able 
to benefit from. Thank you for having given me this 
wonderful opportunity!”

Ediger: “I thank the NCESR and NPPD greatly 
for providing this opportunity. Without it I would not 
have been able to work in a research lab this summer.”

Nelson, for whom 
the internship is 
named, was a member 
of the Custer County 
Public Power District 
Board of Directors and the 
NPPD Board of Directors 
for a combined 41 years. 

A proponent of life-
long learning, he often 
contended that the electric 
utility industry could only 

truly move forward if it stepped ahead hand-in-hand 
with innovation, a core component of which is basic 
research. 

Believing in this vision, in 2005 Nelson proposed 
a partnership between NPPD and UNL “for the 
purpose of engaging in energy sciences research.” 

The following year, with strong support from NPPD’s 
Board of Directors, the NCESR was created, in 
part, through financial support from NPPD and its 
customers. 

The summer internship is aligned with the Center’s 
overall research mission. As NPPD’s Director of 
Research Alan Dostal commented: “I think the 
summer internship is a great education program 
that complements the research efforts of the Energy 
Center. Prior to the start of each summer internship, 
the Energy Center holds a meeting where we get to 
learn more about the aspirations of the students and 
share with them information about NPPD, public 
power in Nebraska and the work of the Energy 
Center.”

“I always enjoy telling incoming 
students about the history of the 
Center, particularly about the vision of 
the late Director Nelson, who helped to 
get it established.” 

Dostal continued: “It is apparent to me that his 
story is quite compelling to a number of the students. 

“I know that in follow-up conversations with them, 
their summer intern experience has a significant 
impact on their career interests and direction,” he 
added.

“The highly productive partnership between 
NPPD and UNL is recognized as a model for 
interdisciplinary, multi-institutional collaboration that 
is having a significant impact on and off campus,” 
said Jerry Doyle, program manager for NCESR. 
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Communicators

“Perhaps most importantly, the collaboration 
will remain committed to educating, preparing and 
fostering the next generation of science, technology and 
engineering innovators. The Darrell J. Nelson Summer 
Intern Program is one example of how the partnership 
between NPPD and UNL is helping to build the robust 
talent pipeline necessary for U.S. companies to compete 
in a global economy,” Doyle said. 

2016 was the third summer for the 
intern program sponsored by NPPD.      
Each student performed research and then prepared 
a poster to describe what they’d accomplished or 
discovered. The posters were then presented to 
the public during the Nebraska Summer Research 
Symposium at the UNL City Campus Union. 

A senior at UNL, Ediger said: “The research I do is 
developing and experimenting with materials that have 
properties that could result in improved or more efficient 
solar cells. I thank the NCESR and NPPD for 
providing this opportunity. This internship has 
taken me much deeper into real research by 
allowing me to make it my focus this summer, 
and I am now convinced that it is what I want 
to pursue in my education.”

Also a senior, Kiat’s summer project 
revolved around biofuel: “During this past 
summer in the Weber lab at UNL, I was 
able to work on a project that focused on 
microbially-mediated biofuel production (in 

the form of methane) from inorganic carbon sources 
(including CO2) from wastewater treatment plants and 
other industrial processes. In the long run, this project 
will contribute towards a greener future by providing a 
cleaner source of energy for Nebraska and beyond.

 “Mr. Nelson ...  
clearly had a larger vision for 
Nebraska’s future.” - Rebecca Kiat

 “What sources of energy we use should definitely 
be something we take seriously as our energy demands 
increase and we make strides towards finding sources 
that are environmentally sustainable. As with Mr. 
Nelson, I am passionate about energy science research, 
as I feel it is the only option for a sustainable future.”

Prockish’s research was in solar power: “This research 
will help identify new materials that could be used for 
solar cells in the future and will provide information on 
how to continue to improve efficiency. I am grateful for 
the support of this internship and sincerely thank you 
for the opportunity and the support of scientific research 
here at UNL.”

Medic’s main focus of research was Development 
of Next-Generation Photovoltaic Solar Cells based on 
Tungsten Selenide. “I enjoy being challenged,” he wrote, 
“learning new things and trying to find solutions and 
different approaches to new as well as already familiar 
problems. I felt like the internship NPPD awarded me 
brought me closer to a familiar problem of solar energy.”

With the accomplishments of these four students, in 
conjunction with ongoing efforts of the NCESR, the 
future of the electric utility industry clearly appears 
bright.

www.postersession.com

Purpose of Project is to develop control logic for the use of CO2-based demand controlled 

ventilation (DCV) as a demand side management (DMS) technique to reduce end-use electricity 

consumption of commercial buildings. The control logic reduces over-ventilation in a partial-load 

occupancy condition, and to reset the minimum VAV (variable air volume) box airflow setpoints in 

each zone. 
The initial idea was inspired from the ASHRAE 1547 research project (Lau et al., 2014) at the 

University of Nebraska. In that project, three CO2-based control strategies for single-duct multiple-

zone VAV with hot water reheat systems were developed based on ASHRAE Standard 62.1-2010 

ventilation requirements (Lin and Lau 2014 and 2015). In this project, we developed a CO2-based 

DCV sequence based on Standard ASHRAE 62.1 requirements for VAV systems with electric reheat 

coils, and simulated the CO2 concentrations in each zone with the use of a sample building. 

Methods

Conclusions

CO2-based demand control ventilation as a demand side 
management technique in commercial buildingsAlireza BehfarSupervisor: Dr. Josephine Lau

University of Nebraska - Department of Architectural Engineering and Construction
Utility Coordinator:  Alan L. DostalNebraska Public Power District
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Two models are coupled: energy and airflow. Energy model in 
EnergyPlus and an airflow model in MATLAB.
• A multiple zone sample building to simulate heating, cooling, lighting, and 

ventilation energy loads and energy consumptions.
• VAV system with electric reheat coils. The VAV boxes use “single 

maximum control logic”

ASHRAE-62. 1. (2010) Ventilation for acceptable indoor air quality. ASHRAE

EnergyPlus. (2013) Input output reference - The encyclopedic reference to EnergyPlus input and output. DOE
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Vol 20(8), 875-888

Results show that the application of this DCV strategy reduces the energy consumption by about 28%. 

The LCC analysis for this upgrade shows economic benefits with a SPB of about three and half 

years and a positive NPV. Therefore, in conclusion, the proposed DCV sequence, as a DSM, can 

benefit the utility company by a real reduction in the end-use electricity consumption.

Introduction

Results

Energy 
Model

Airflow 
Model

Energy 
Model

The proposed DCV can be used as a DSM technique that is the management of utility activities to 

produce the desired shape of the utility’s load (Gellings 1985). A CO2- based DCV control logic can 

reduce the energy consumption without compromising the thermal or ventilation requirements of the 

space. The reason of that is because it just provides enough ventilation to each zone based on the 

estimated number of occupants. 
Advantages of a CO2-based DCV• Over-ventilation can be reduced at partial-occupancy condition.
• CO2 can be used as a surrogate gas to estimate the Bioeffluent level (Lin et. al. 2014). CO2 

sensors aren't expensive.• It has been successfully implemented for many years.
• ASHRAE Standard 62.1 – ventilation for acceptable indoor air quality – allows the use of demand-

controlled ventilation for occupied spaces when the actual occupancy level of the space is 

available. However, currently, there is no standardized control logic for CO2-based DCV in multiple zone 

HVAC systems with recirculation pathway. 

Minimum VAV box air flow stops are 30% in both baseline and DCV models. In DCV control option, the minimum airflow stop can be reset to a higher value for any zone at any time step.
Ventilation rate procedure method from ASHRAE 62.1 (2010) is used in all models.

Single maximum control logic (EnergyPlus, 2013)

The baseline electricity consumption without DCV is 911.17 Gj per year. The energy consumption of the sample building under DCV 
control logic is 652.56 Gj per year. This accounts 
for around 28% reduction in electricity consumption in a year.

Mass balance equation above the breathing zone𝐸𝐸𝐸𝐸 ∗ 𝐶𝐶 − 𝐶𝐶𝑠𝑠 = 𝐶𝐶𝑟𝑟 − 𝐶𝐶𝑠𝑠Mass balance equation in the main AHU air mixing chamberσ𝐶𝐶𝑟𝑟 ∗ 𝑉𝑉𝑝𝑝𝑝𝑝 ∗ (𝑉𝑉𝑜𝑜𝑜𝑜𝑉𝑉𝑝𝑝𝑝𝑝
− 1) + 𝑉𝑉𝑝𝑝𝑠𝑠 ∗ 𝐶𝐶𝑠𝑠 = 𝐶𝐶𝑜𝑜𝑜𝑜 ∗ 𝑉𝑉𝑜𝑜𝑜𝑜

Analytical form of the ordinary differential and transient mass balance equation in the breathing zone

𝑒𝑒(−
𝑉𝑉𝑝𝑝𝑝𝑝∗𝐸𝐸𝑝𝑝
𝑉𝑉 ∗𝑡𝑡) = (𝑉𝑉𝑝𝑝𝑝𝑝 ∗ 𝐸𝐸𝐸𝐸 ∗ 𝐶𝐶𝑠𝑠 + 𝑆𝑆 − 𝐶𝐶 ∗ 𝑉𝑉𝑝𝑝𝑝𝑝 ∗ 𝐸𝐸𝐸𝐸)/(𝑉𝑉𝑝𝑝𝑝𝑝 ∗ 𝐸𝐸𝐸𝐸 ∗ 𝐶𝐶𝑠𝑠 + 𝑆𝑆 − 𝐶𝐶𝑝𝑝𝑟𝑟𝑝𝑝 ∗ 𝑉𝑉𝑝𝑝𝑝𝑝 ∗ 𝐸𝐸𝐸𝐸)

Occupancy estimator proposed by Lau et al. (2014):𝑃𝑃𝑃𝑃 1: 𝑛𝑛 = 𝑉𝑉 ∗ 𝐶𝐶𝑏𝑏𝑝𝑝𝑖𝑖 − 𝐶𝐶𝑏𝑏𝑝𝑝−𝑝𝑝𝑟𝑟𝑝𝑝𝑖𝑖𝑚𝑚𝑖𝑖. 𝑘𝑘𝑖𝑖 . 𝑡𝑡𝑃𝑃𝑚𝑚𝑒𝑒 − 𝐸𝐸𝑝𝑝 ∗ ሶ𝑉𝑉𝑝𝑝𝑝𝑝𝑖𝑖 ∗
𝐶𝐶𝑠𝑠−𝑝𝑝𝑟𝑟𝑝𝑝 − 𝐶𝐶𝑏𝑏𝑝𝑝𝑖𝑖𝑚𝑚𝑖𝑖. 𝑘𝑘𝑖𝑖 𝑃𝑃 = 1 𝑡𝑡𝑡𝑡 𝑛𝑛

28% reduction

Item Qt. Price per 
item ($)

Total cost 
($)

Initial 
cost ($)

Annual 
energy 
saving 
(kWh)

kWh 
Cost 

($/Yrs.)

Demand 
(kW)

Demand 
KW 

Cost 
($/Yr.)

Annual 
Savings ($)

Simple 
Pay Back

(SPB) 
(Yrs.)

Net 
Present 
Value 
(NPV)

CO2 sensor 10 $205 $2,050

$22,050 71836.11 $0.08 112.55 6.50 $6,478.44 3.40 40869.95

CO2 Instal. 10 $1,200 $12,000Controller 
programming 1 $8,000 $8,000

Life Cycle Cost (LCC) analysis for CO2-based DCV upgrade
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Date and time

Class 122, 119, 117-CO2 concentration-Four weekdays starting on Monday

Class 122-CO2-Four weekdays
Class 119-CO2-Four weekdays

Class 117-CO2-Four weekdays
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Date and time

Four consecutive days occupancy level estimation for classroom 122 starting on Monday 

Class 122-Ocupancy actual-Four weekdays Class 122-Ocupancy estimation-Four weekdays

More research: Alireza Behfar, a UNL 
graduate research student, and General 
Manager of Retail Tim Arlt pose next to 

Behfar’s DEED (Demonstration of Energy 
& Efficiency) scholarship-winning research 

poster at  the American Public Power 
Association’s  Customer Connection 

Conference in November.

     – Undergrad UNL student photos courtesy of  Lorraine Moon, NCESR.
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