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1. Executive Summary

REGEN Wastewater Technology Inc. has developed the Self-Powered Wastewater Treatment System
for decentralized wastewater treatment applications. This modular treatment technology leverages
advances in fixed film and a renewable power management system to provide stand-alone, self-
powered wastewater treatment. By combining this low-energy, high efficiency technology with a power
management system integrating renewable power and energy storage, we've provided stand-alone
treatment capability.

The system holds certain unique characteristics over conventional technology that include:
* Self-powered operation

* Very low aeration energetics (0.38-0.76 kWh/m3 wastewater treated)

* No chemicals used

* Rapid start-up, easily deployable

Self-powered on-site processing of wastewater provides a unique capability for distributed wastewater
treatment, reduces costs and eliminates resources typically required to collect and haul wastewater
from remote locations. The self-powered wastewater treatment solution integrates technological
advances that significantly reduce the cost and energetic input of the wastewater treatment process.
Integrating renewable energy and advances in wastewater treatment with improvements in remote
automation significantly reduces the inefficiencies in current wastewater treatment processes.

REGEN has installed a unit in Gagetown, NB for the Canadian Military. The unit was monitored over an
8-week period between June and July of 2017 for influent and effluent water quality by the Canadian
Military. Feed wastewater to the unit was pumped a lift station connected to Gagetown’s municipal
wastewater collection system. Rigorous testing of the unit was carried out which included (BOD, COD,
Nitrogen, Phosphorous and TSS) was conducted daily. The hydraulic loading rate to the REGEN 20
was increased over a period from 3gpm — 4gpm. Treatment efficiency of the system was demonstrated
to be consistent throughout this period.

2. Introduction

Our system is a world first, renewably powered wastewater treatment system for decentralized
wastewater treatment applications. This modular treatment technology leverages advances in Fixed
Film wastewater treatment and biosensors with a renewable power management system to provide
stand-alone, self-powered wastewater treatment. This autonomous treatment system can be deployed
to remote population clusters and provide a packaged solution for on-site wastewater treatment.

REGEN was contracted by the Canadian Military to provide a modular wastewater treatment unit that
uses renewable power and energy storage and would be suitable for remote cams and humanitarian
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operations. The unit was tested over an 8-week period by the Canadian Military. The system was
installed on March 25 by the Canadian Military under the instructions of REGEN. The unit was supplied
by raw municipal sewage from a local municipal lift station. This document provides a description of the
treatment technologies and 3rd party testing provided by the Canadian Military.

FIGURE 1 INSALLD REGEN 20 AT GAGETOWN,NB

3. REGEN Process Description

3.1.1. Novel “single-pass” wastewater treatment process design

The system is designed to reduce process complexity, and to provide additional functionality in each
process piece, enabling a reduction in overall tankage. This was accomplished by re-evaluating each
step with the attempt to achieve more removal per tank. The result is a streamlined single-pass
wastewater treatment design. Complexity, such as moving parts, is removed when possible to keep
operator maintenance and energy costs to a minimum.
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FIGURE 2 PRELIMINARY PROCESS REVIEW

The key technology sub-components we have developed include:

3.1.2. Improved fixed-film polymer materials:

As part of identifying enabling technologies we have analyzed all current solutions for wastewater
treatment and have identified fixed film solutions as offering the best option for reducing the energetic
input (kWh/m3) to the system. REGEN carried out 2 years of R&D focused on identifying polymer
materials that are best suited to biofilm formation. Our studies have shown an increase in treatment
rates of up to 50% when compared to control samples, as shown in Figure 3. Improved polymer
materials have been identified or developed that can allow for the enhanced removal of BOD, TSS and
TKN. As shown in Figure 4, the fixed film was developed to have both a polished and treated side. The
material alterations were tested by Carleton University. This unique setup allows for improved solids
settling on the polished side, while providing additional surface area for bacteria growth on the treated
side. When the media is used in the reactor, the fixed film is angled along the flow-path in the reactor.
The fixed film serves a dual purpose of lamella plate type clarification at the same time as providing a
surface area for biological growth. This structure essentially creates “tubes” which the wastewater is
forced through. The tube “top” is treated specifically to provide additional surface area for biological
growth. The tube “bottom” is smooth to allow solids the chance to accumulate and slide down the
media and settle out of solution.
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FIGURE 3: BENCH-SCALE ANALYSIS OF ENHANCED POLYMER MATERIALS BY REGEN AND PARTNERS AT CARLETON
UNIVERSITY
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FIGURE 4: SKETCH OF FLOW CHANNELS OF TWO-SIDED FIXED FILM MEDIA. LIQUID FLOWS THROUGH EACH "TUBE"
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FIGURE 5: EXAMPLE PROCESS FLOW DIAGRAM OF COMPLETE REGEN SYSTEM WITH ALL COMPONENTS

3.1.3. Biological Filter

REGEN has been developed a biological filter for the treatment system. This piece provides the dual
purpose of solids / COD filtration as well as a large surface area for bio-growth and some adsorption
processes. Depending on the treatment requirements, this granular material has the option of being just
a physical filter unit, or with the addition of aeration, it can provide additional bio-active filtration and
Nitrogen removal. The large surface area provides an excellent medium for biological growth and for
solids removal. GAC filtration allows the unit to meet treatment standards rapidly during start-up, and
helps produce a higher quality effluent.
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FIGURE 6 AERATED FIXED FILM

The biomass is attached directly to the fixed film surface. This results in a lower concentration of
suspended solids in the bulk liquid. As a consequence, the advanced fixed film system produces
approximately 50% less sludge at the end of the treatment process when compared to conventional

activated sludge processes.
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3.1.4. BACKUP POWER SYSTEM

The power skid, otherwise known as the backup power system, includes all the control and automation
to ensure that the overall AC dependent system is powered correctly and on a consistent basis. This
involves the control, monitoring and selection of the following sources:

* Solar Photovoltaic (PV) Paneling;

* Battery Based Energy Storage System;

* 13 kW 120/240VAC Auxiliary Generator; and
* 120/240VAC Grid power.

Source selection is carried out via the combined inverter battery charger major device and is set to
consider a supply hierarchy which prioritizes solar power and energy storage over diesel generation
and grid power. Bypass functionality is also built into the design with a safety interlock system.

During the testing period the treatment system was powered fully by solar energy and energy storage
system.

4. Installation and Operation

The treatment system requires minimal site preparation and footprint. This system is been designed
with minimal complexity resulting in reduced operation and maintenance. The self-powered capability
allows for the treatment system to be located independent of a grid electrical connection.

Installation of the treatment system was completed over a 3-day period by the Canadian Military under
the supervision of REGEN. This included moving the unit to site, deployment of solar panels, and
installation influent pump and piping. The Canadian Military monitored and sampled influent and
effluent daily over an 8-week period. The operation of the unit was mainly controlled by the REGEN'’s
PLC unit. The Canadian military was required to increase the flow to the unit at intervals, as well as
monitor for any mechanical failures. REGEN was able to monitor the functionality of the unit remotely
through the 3g network in case of mechanical failures or issues.
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5. Testing Procedure

All maintenance and tests were conducted in accordance with the standards and guidelines for waste
water treatment “Hach 1SO 9001 Certified Water Analysis Handbook 3™ Edition”. Key metrics that were
measure were influent and effluent COD, TSS and system capacity (gallons per minute). Testing was
carried out to align with standard NSF 40 test protocols with wastewater samples taken daily (5 days a
week).

Effluent samples were taken from an effluent port after the last stage of treatment and tested for COD
and TSS daily by the Canadian Military. BOD data is currently not available, but will be provided by the
military at a later date.

6. Results

The results of testing show a high percent removal for both COD and TSS. The average mg/L of COD
and TSS are 29 and 6 respectively. The table below shows the removal rates of the unit at 3, 4, and 5
gpm. The unit was powered fully by solar energy and solar energy storage system over the testing
period. The typical energy draw of the unit was 2.5 kWh/m®.
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TABLE 1 REGEN 20 TESTING DATA

Flowrate (GPM) Date COD (in) | TSS (in) |COD (out) |BOD (out) | TSS (out) | COD Removal (%) | TSS Removal (%)
3 25-May-17 258 10 96%
3 26-May-17 239 136 13 90%
3 29-May-17 156 97 10 90%
3 30-May-17 120
3 31-May-17 193 122
3 1-Jun-17 135 10 93%
3 2-Jun-17 199 110 29 2 85% 98%
3 5-Jun-17 195 132 30 5 85% 96%
3 6-Jun-17 177 25 8 95%
3 7-Jun-17 270 180 54 3 80% 98%
3 8-Jun-17 172 49 3 98%
3 9-Jun-17 333 207 59 0 82% 100%
3 12-Jun-17 248 120 2 6 99% 95%
4 13-Jun-17 172 14 1 99%
4 14-Jun-17 271 161 33 2 88% 99%
4 15-Jun-17 103 34 0 100%
4 16-Jun-17 324 179 29 0 91% 100%
4 19-Jun-17 128 212 24 6 81% 97%
4 20-Jun-17 172 25 6 97%
4 21-Jun-17 130 212 21 2 7 84% 97%
4 22-Jun-17 202 27 40 80%

Average 223.833( 160.9048| 30.333333 2| 6.947368 86% 96%
Average Effluent Quality
35
30
25
- 20
N
(oT1]
€ 15
10
5
0 [
BOD CcoD TSS

FIGURE 7 REGEN 20 TESTING DATA
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7. Conclusion
The treatment unit was able to treat municipal wastewater to a high standard while powered fully by

solar energy. Over the 8-weeks of testing the unit treat to an average flow rate suitable for 75 persons
or greater than 20 m3-day or wastewater.

The Canadian military onsite staff was pleased with the ease of use and lack of operational
requirements.
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