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Executive Summary

Wastewater heat recovery (WWHR) systems capture the thermal energy within wastewater and transfer
it to a useful system for heating, cooling, and other useful work. Kingston Utilities and YZGGY € hY3lGacsty
have appointed a group of YZGGY' £ YOYGGKYO EFZEGYHE to design a WWHR system that can be used
tollAGEE YZGGY € OZAl ZT DAIdZY YGZHIAKK by the year 2040.

Alocation of interest for this project is the waterfront pumphouse. This site sees 22,678 &  of wastewater
per day at an average temperature of pp3. Directly west of the pumphouse is the QZGGY € University
Central Heating Plant (QUCHP). This site uses natural gas boilers to create steam for Queen's University.
This steam is transported to heating systems across campus and to the Kingston General Hospital (KGH).
The QUCHP is conveniently situated directly west of the pumphouse. Any solution combining these two
sites will make for an interruption-free install as no buildings or roads in the area will warrant a closure.
Making a design within these two buildings is more favorable in the perspective of installation.

Within the QUCHP there is a system that cleans the boilers called blowdown. Blowdown will remove a
portion of the water from the steam system to control the concentration of minerals and impurities in the
make-up water. This process also heats the incoming water prior to the natural gas boiler. The
temperature of the make-up water before and after the blowdown process is p¢3 and ¢n3f
respectively. Since the QUCHP is operated primarily on high grade heat, the blowdown process is an

opportunity to leverage low grade heat from the wastewater.

The proposed design will take thermal energy from <§YOEtZY' € wastewater to heat the make-up water
prior to the boiler. To achieve this, the design is a heat pump cycle between the waste and make-up water.
A specialized wastewater heat exchanger will be plumbed into the pumphouse and will transfer the
wastewater's heat to the refrigerant. The refrigerant will then increase its pressure and temperature after
passing through the compressor. The refrigerant will run through a second heat exchanger where
domestic water will absorb the heat from the refrigerant. The heated domestic water will then be sent to
the QUCHP where it will be integrated to the make-up water system and eventually transferred to steam.
The domestic water is now at a higher temperature than before and requires less natural gas per kilogram
to convert into steam.

This process will prevent 3.3 kT of greenhouse gas (GHG) emissions per year from being released into the
environment. This will be a 16% reduction in CO; released from the QUCHP. Following a detailed cost
analysis, the upfront cost of the project has been estimated to be $ Apyuiccm and a 40-year project will
generate energy for Kingston Utilities at a profit.
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Introduction

YZGGY € Facilities is responsible for the construction, operation, renovation, and maintenance of virtually
everything on campus. Their scope includes all buildings, grounds, and infrastructure necessary to operate
all functions of the university. YZGGY € Facilities provide maintenance to all building systems, provide
ample housekeeping, conduct emergency repairs, and look for opportunities to become a more
environmentally friendly campus. For the duration of the project, YZGGY' € Facilities will provide technical
support and be the beneficiary of the results.

Kingston Utilities is a multi-utility provider for the Kingston area, providing gas, water, and electricity to
over 40,000 homes. Additionally, they process any waste from the utilities they provide, in this case,
wastewater. Kingston Utilities has infrastructure to handle, treat, and transport wastewater from various



of the building. This is because strict waterfront regulations will prohibit additions to the building to
preserve KiYOSHZY € WAKGTTAZYH
Final Design

Design Process
The design process started with understanding the project constraints and clients’ requirements.






Specification and Performance Requirements

The model was used to determine specific constraints and performance requirements for the components
in the WWHR system. The working pressure of the refrigerant will range from 3.2 ~ 11.95 bar. All systems
must have a maximum operational






Problem Analysis

Some problems that were critical to achieving the design include figuring out how much CO; can be
reduced by the proposed design, the amount of energy that can be yielded, and the costs associated with
the final design. CO; reduction can be solved by determining the reduction of natural gas consumption
from using the boilers



time-consuming and inefficient. Software tools such as Python, MATLAB, and Microsoft Excel would allow
for repeated calculations to be made, but it was determined that Python possessed the most applicable
built-in methods to realize the design.

TESPy, a library within Python, utilizes pre-programmed lumped capacitance methods specific to the
analysis of thermal energy systems. A model of the WWHR system was created within this software and
known data about the wastewater and make-up water systems were



FIGURE 4: SATELLITE MAP OF PROJECT LAYOUT, CONSTRUCTION ZONE AND ACCESS PLAN

Economic Analysis

Due to the dual-client nature of this project, the financial analysis incorporates both Kingston Utilities and
YZGGY € hY§1Gacst) Based on new information from the clients, Kingston Utilities has agreed to fund all
costs associated with the project because they will own the WWHR system’ /Y G+23Y. YZGGY € hY31Gacstl)
has agreed to buy all the energy that is produced by the WWHR system. This arrangement provides
Kingston Utilities with a guaranteed revenue stream. According to the average electricity prices published

by the Ontario Electricity Board






TABLE 3: PEOPLE AND EQUIPMENT COSTS ASSOCIATED WITH INDUSTRIAL PLUMBING
People

Equipment




Annually Recurring Cost
In addition to the initial cost, the project requires annually recurring costs. The annually recurring cost of
the WWHR system is composed of maintenance and operational costs. Each of these costs will be
calculated individually in their own subsection below, and then the annually recurring cost will be
calculated by summing them.

Maintenance
The annual maintenance cost is composed of the cost of materials and labour cost. The cost of materials

was approximated to be $31,260 because that is 5% of the procurement cost. The cost of material
calculation is displayed below.

s aes . Aapicen
LWL lWI OEI0 O (o} p—CEp
wQwi
The labour cost was calculated with the assumption that Kingston Utilities workers make $40 an hour and
a maintenance team consist of three workers. The labour cost is calculated based on the number of visits

a maintenance team needs to perform each calendar year. The labour cost calculation is displayed below.

At o OETO0T P RE6T  CiQIOi  pg Gésoni  AcofimTn
NEOT 00 Q000 AEE0N WANT WANT

DOOEDT BETD 6

The annual maintenance cost is calculated by adding the material cost to the labour cost. This calculation
is shown below.

OMENNEOGENQ 6€i0 6 o] o] AuThomm

Operational
The annual o
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Technical Impact

The final design has a substantial technical impact on Kingston Utilities because they will own and operate
the WWHR system. The WWHR system will have to be carefully installed to integrate seamlessly with
Kingston Utilitie€ existing infrastructure. Additionally, regular maintenance crews will have to be trained
and scheduled to work on the WWHR system to ensure that the system is upkept well.

Societal Impact

This project has a large societal impact on the Canadian university landscape because every university is
looking for ways to lower ¥SGid DPAIAZY GWAEEZYE /T YZGGY € hYsIGaeHL 11GAG 17 SWDIGWGYE A €€, Z
system, it would be the first of its kind. This means other universities would learn T02W YZGGY € €€, Z
project when imBIGWGYKYO #SGid ZIIY ELEIGW, +SGAGAL WAUYO YZGGY € hVsIGAEH) A (GAEGE ZT 486G
Canadian university energy transformation.

Environmental Impact

Climate change has caused institutions across the globe to look for ways to generate carbon neutral
energy. A WWHR system would generate carbon neutral energy, which thereby reduces the carbon
GWAEESZYE GWAHGE dLl YZGGY € hY$1Gacst) dSGAGTZaG, #S6 €, Z Il SGID YZGGY € hY$1Gaest) dGduce their
environmental impact. Additionally, most of the WWHR system components are sourced from Canadian
companies, which eliminates unnecessary carbon emissions associated with international shipping.

Sustainability

Sustainability is an important factor that impacts the success of the final design. The WWHR system uses
R134a for the heat pump. This is not sustainable because R134a is proven to have direct global warming
potential [16]. The team considered R134a € GYI{IZYWGY+al impact when selecting a refrigerant, but
R134a ¢ unparalleled heat transfer properties are needed because the WWHR system is transferring low-
grade heat. Scientists are currently trying to produce sustainable refrigerants that have similar heat
transfer properties to traditional refrigerants. Once a high performance and sustainable refrigerant is
developed, the team recommends that Kingston Utilities replace R134a with the environmentally friendly
refrigerant to improve the sustainability of the design.

Enterprise Impact

Both clients have invested interest in this project for their entGiDaEGE" YZGGY € hYs1Gacst SAE EGIGIZDGE
a goal to achieve carbon neutrality by 2040, and they need solutions like WWHR to get them closer to this
goal [17] KYG ZT <¢YOSHZY hKEKGE ds00GEH DZEFZWGEE & YZGGY € hY§IGacsHl; therefore, Kingston Utilities
has an enterprise interest in this prZiGot /T <§YOEtZY hEikGe SGIDE YZGGY € hY31Gacst) ADSiGIG +5Gsd OZA
they will be strengthening their relationship with their most important customer. Additionally, the
implementation of a successful WWHR system will generate more energy for Kingston Utilities. This
ESIGAESTSGE <8YOSKZY hHisKGE GYGAOL DZATZIEZ N1SHG OGYGIAKYO WZaG dGIGYZG T204SG Za0AYajAkon.

Conclusions

The transition to environmentally friendly SGAt €72DGE SAE GYDZZIAOGE <¢YOSHZY h¥iskGe AYE YZGGY' €
Facilities to seek reductions in carbon emissions through WWHR systems. After conducting research of
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existing systems and current infrastructure, a heat-pump system was selected to transfer heat from the
1Y € NASKGUAKGE+Z 4SG Yh , W€ 11A4GE WAUG-up system.

The system will consist of a Huber RoWin heat exchanger, transporting heat from the wastewater to the
R134a refrigerant which will then flow into a Copeland compressor. The 713 kW of work done by the
compressor will increase the energy within the R134a fluid which is then transferred to the make-up water
through the Bekaert heat exchanger. The R134a will then pass through a Copeland expansion valve, where
it will then repeat its cycle through the system. The entire system is to be contained within the pump-
house and connected to the make-up water system through an extended underground waterline. This, in
conjunction with the current blow-down heating system, will increase boiler efficiency and reduce
YZGGY € , GAKYO MAKZY € GHG emissions by an estimated 16%.

The entire system is expected to initially cost $685,220 with an additional $735,100 per year over its 40-
year lifespan. B
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[11]

[12]

[13]

"UBER Heat Exchanger RoWin," HUBER, 2023. [Online]. Available:
https://www.huber.de/products/energy-from-wastewater/huber-heat-exchanger-
rowin.html. [Accessed 21 November 2023].

"Alupower," Bekaert, 2023. [Online]. Available:
https://www.bekaert.com/en/products/energy-utilities/heating/heating-
solutions/hex/alupower. [Accessed 21 November 2023].
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Appendix A — Project House of Quality

Title: Queen's Facilites Energy from Wastewater
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FIGURE 7: THE HOUSE OF QUALITY BASED ON THE QFD ANALYSIS FOR THE KINGSTON UTILITIES WASTEWATER ENERGY RECOVERY PROJECT.
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Appendix D — Brief Explanation of Heat Pump Cycle

The heat pump is a device
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Appendix E — Computational Thermodynamic Modelling

This section displays the code used for the computational analysis of the final design, including the analysis

of GHG emission reductions for the steam plant. Figure 10 displays the start of the analysis, where all

necessary libraries are imported, and the system is initialized as a network. This network will act as a

container for which information can be stored. The units in which the sys0 612 70 1 4 reW®H(0 g1 (Ht3(st)icN8 )-f8t.5)-4
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From this initial set-up, connections are added to formulate the system of equations that will act as the
main structure of the system, as shown in Figure 11. Calculations for fluid flow within the wastewater are
made and the total heat transfer is calculated based on changes in enthalpy of the condensed water. The
temperature gradient across the wastewater side of the heat exchanger is then calculated using
interpolation and stored. The component and connection attributes of the system are then declared,
allowing the system to

23



Once all the necessary variables within the system of equations are set, the system can then be solved, as
shown in Figure 12. The solution is obtained by solving the steady state conditions of the system, until
residual errors approach zero. Once this is complete, key parameter values can be obtained and used for
further analysis.

24



Using these key parameters, a comparative analysis ol $5G =, * GWiEeZYe ZT 156G YZGGY € Heating Plant
can be conducted, as shown in Figure 13. This comparative analysis is based off the rate of superheated
steam produced by the plant and the states of the water entering the boiler. This allows the total amount
of energy required to operate the plant to be calculated, which in turn is translated into the amount of
natural gas required. From the amount of natural gas, a direct relation to carbon-dioxide emissions is
made.

- u LI} a - P ey e ; L R -
ot R e e e e e e e e

_ In [7]: |#Boiler Analysis
r_EBoa__2r = 47000/{2.205*3600}
. P Fan nr = 295J14 coa
- . ‘
i . :
ol < [ I I
f*_.‘-1akeulj 188.7 #Enthalp
T Tt s e = 9
T R S (T < Gt SR ey B
L : o L !
- RS
M/ kg Q_GasPerkg = 48.5 #
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Finally, the key results of these analyses are displayed, displaying the performance of the system for key
design metrics, as seen in Figure 14.

Final System Results

P
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FIGURE 14: THE FINAL CODE CELL USED TO DISPLAY KEY RESULTS OF THE CUMULATIVE ANALYSIS.
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