ABSTRACT
BABU, SARATH. Energy and Economic Analysis of Several Combined Heat and Power System
Installations for an Industrial Facility. (Under the direction of Dr. Stephen Terry.)

An industrial facility located in the Carolinas is looking for solutions to mitigate the high demand
charges incurred each month. This study has identified Combined Heat and Power (CHP) as an
interesting proposition for the site.

In this study, a baseline energy model of the subject facility was developed using Carrier HAP
software. The validity of the model was verified by energy and economic information collected from
the plant. This model was then compared to ten different CHP systems. The performance of each
system was documented and contrasted to the baseline model. Additionally, trigeneration using
absorption chillers was also explored as an option. Finally, an economic analysis was carried out to
evaluate the feasibility of each of the options mentioned above.

From the analysis, it was found that microturbines were the best candidates among the group.
The calculations showed that it would take 10.43 years to break even without any financial subsidies.
A sample economic analysis was also carried out assuming 70% of the capital investment as a loan
from a qualified entity.

The poor performance of these systems may be attributed to the energy pricing available to
the facility. If the electricity pricing were to increase in the future, the feasibility would also im-
prove. Finally, the effect of such an installation to the city was discussed briefly. The project was
noted to bring economic development, improved infrastructure, increased resiliency, and reduced

environmental impact to the city.
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cHAPTER]L

Introduction

A manufacturing plant is shown in Figure 1.1 located in the Carolinas is looking for opportunities to
reduce the coincident peak demand charges incurred by the facility. Combined Heat and Power
(CHP) seems to be an attractive solution as it offers the improved system ef ciency, a degree of
independence from the electrical grid, reduced emissions and lower operating costs  [35]. The plant
is currently operational with plans to expand production in the future.

This project is an early investigation into the feasibility of the site for CHP potential and explores
different technologies to arrive at the most suitable recommendation for the facility. Due to the scale
of the project, there will be various stakeholders ranging from the company to the local government
if the project moves to the development phase.

Being a manufacturing plant, it is advantageous to consider alternative power generation ca-
pabilities to reduce the energy consumption charges and act independently from the grid. It can
be bene cial when considering expansions or changes in process loads. In recent times, CHP has
gathered momentum in this eld and is adaptable to different sizes and industries.

The downside to the implementation is the high initial capital investment. Often there are
multiple parties involved, and decisions are slow to come to fruition. Hence, it is key to investigate

all avenues and seek support from the public entities in the form of tax rebates or loans.



Figure 1.1 Facility Layout (Courtesy of Google Maps)

This study will assess the feasibility of installing an on-site power generation system with waste
heat recovery. This may be in the form of cogeneration or trigeneration. Since the project is for an
operational facility, a base model will be developed, and economic analysis of the various options
will also be performed. This study is only an exercise to explore the options available to the project
and is not intended to be considered as a comprehensive answer for the scenario.

The contents of this thesis are covered over seven chapters, as follows: Chapter 1 is a brief
write-up on the goals of the project. Chapter 2 introduces the concepts and the literature review
to understand the current climate of the topics discussed. Chapter 3 looks into the technologies

and working principles used in the measures suggested by this study. Chapter 4 is an analysis



of the baseline model of the facility. Chapters 5 and 6 cover the implementation of the various
cogeneration and trigeneration technologies, respectively. Finally, Chapter 7 summarizes the results

of the study and provides closing remarks to the facility.



CHAPTERZ

Background

2.1 Cogeneration

Cogeneration or Combined Heat and Power (CHP) is the concurrent production of electricity and
heat energy from a single source. Most CHP installations are on-site, which helps to bypass the
losses associated with the transport of energy. Any form of available energy sources can power CHP
systems, be it fossil- or renewable-based. These systems can operate at ef ciencies of up to 75%
due to the capture of thermal energy generated during power generation.

In 2012, North Carolina State University brought an 11 MW CHP system online as a part of the
Cates Utility Plant. Later in 2019, an additional 5.5 MW CHP plant was installed at the Centennial
Campus Utility Plant. The Centennial plant pictured below in Figure 2.1, has a 5.5 MW Solar Taurus 60
gas turbine with HRSG producing 30,000 PPH of steam. With supplemental heating, the output can
be raised to 60,000 PPH. In addition, a 1 MW steam turbine uses steam during peak demand periods
to produce electricity. Finally, a 3.4 million gallon chilled water storage system was also installed to
provide 25,000 ton-hours of cooling. This new CHP system can meet 30% of the maximum campus
electrical demand. The project payback period is 17 years. The ndings from this project have

motivated the analysis carried out in this study.
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