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ABSTRACT

A comprehensive evaluation was carried out aiming to address water
quality issues in Villaverde, Nueva Vizcaya. The research focused on de-
signing and appraising a Biochar-Based Water Treatment System. This
review was performed hoping to meet the urgent need for supplying po-
table water free of contaminants, especially during periods of elevated
murkiness caused by heavy precipitation. The foundation of the system
relies on utilizing biochar, specifically crafted from coconut husks. This
particular biochar is renowned for its remarkable absorptive properties.
Atreatment system with a flow rate of 250 mL per minute was built using
a systematic design process. The efficacy of this system underwent thor-
ough testing, including examining both physical traits and bacteriological
integrity. Findings revealed a statistically significant enhancement in wa-
ter transparency and reduction of microbiological dangers, notably when
flow rates were lower. Economic assessments, like breakeven analysis
and Benefit-to-Cost ratio, further substantiated the system's feasibility.
Over 48 months, it is anticipated the system would recoup initial setup
expenses and ongoing operational costs, thus offering a viable and cost-
effective choice for the community. Results indicate the Biochar-Based
Water Treatment System has ability to supply safe drinking water and
provides substantial economic benefits. This system embodies a crucial
advancement towards achieving sustainable water management in the
Villaverde municipality.
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Introduction

The concept of "potable water" implies flu-
ids suitable for human intake, a diminishing
global asset experiencing escalating shortages.
Growing international freshwater demands im-
pose difficulties on supplies, enabling various
contaminants risking the safety and appeal of
drinking fluids (Fluencecorp, 2019). When de-
livering water to clients, crucial standards con-
cerning chemical, biological, and physical qual-
ities must be satisfied (De Zuane, 1997). Con-
taminated fluids can propagate several sick-
nesses for instance diarrhea, cholera, dysen-
tery, typhoid, and polio. Around 485,000
deaths per annum are thought to derive from
diarrheal diseases blamed on polluted drinking
fluids. Projections anticipate over half of hu-
manity inhabiting areas undergoing water
strain by 2025. Data from the World Health Or-
ganization (2019) indicates healthcare sites in
poorest regions frequently lack fundamental
infrastructure, specifically 22% absence access
to fluids, 21% lack suitable sanitation, and 22%
lack adequate waste management.

Efforts now aim to boost food yields and ad-
vance novel renewable technologies. However,
water has long been overlooked, especially re-
garding waste disposal. A shift is needed from
routine cleanup and dumping towards reuse,
recycling, and recovering assets. Scarcity and
pollution from unchecked discharge indicate
the need for altered strategies. Recognizing
wastewater's potential to enable circular econ-
omies enhances sustainability greatly. Rather
than trash, it can address escalating demand in
swelling cities, bolster energy production and
industries, and back eco-friendly agriculture.
This approach mitigates health and environ-
mental damage from current handling. Abhis-
bek rightly noted in 2020 how treatment plays
a key function in achieving sustainability by ad-
dressing goals like water, nutrient, and energy
restoration. It is thus deemed an important
step towards a greener future.

The life-sustaining qualities of water can-
not be overstated, for without it organisms face
deleterious effects such as dehydration. No
body can properly function without this essen-
tial element, as water regulates temperature,
nourishes every cell and maintains hydration
across all tissues and organs. It also cushions

joints as a lubricant, supporting overall physio-
logical processes. Regular intake yields a myr-
iad of health perks too, like improved cardio-
vascular performance per CDC standards. The
heart endlessly circulates blood through over
two thousand liters daily, a nonstop process the
body's water content aid. Staying properly hy-
drated supports this crucial cardiovascular role
by facilitating enhanced function. Optimal hy-
dration exceeding losses even improves mus-
cular operation throughout the form, with car-
diac abilities better promoting strength across
the body according to recent research. In sum-
mary, daily water consumption according to
guidelines protects numerous systems and ad-
vantages general well-being, highlighting
H20's importance for viability.

Water processing involves an intricate sys-
tem incorporating various activities including
physical, chemical, biochemical, and biological
methods. The main objective aims to eliminate
or decrease unwanted contaminants and quali-
ties within water. This system targets obtaining
water maintaining characteristics suitable for
its planned usage. Therefore, the water pro-
cessing methodology varies relying on incom-
ing water properties and intended application.
The importance of water treatment has grown
because of limited drinkable water and expand-
ing worldwide population. According to Ac-
ciona studies in 2021, a meager 2.5 percent of
worldwide water reserves constitute freshwa-
ter, with a minuscule 0.4 percent portion suita-
ble for human use. Meanwhile, population in-
creases have exacerbated pressure on water
sources. Water treatment faces challenges to
satisfy growing needs yet minimize environ-
mental impact. Further innovation seeks meth-
ods improving sustainability and accessibility
of the world's most critical resource.

Methodology
The Research Design

The researcher conceptualized the design
and specifications of the Water Treatment Sys-
tem using the Product Development Method
(PDM). Product fabrication entails either as-
sembling or building a product. PDM provides
the researcher with an easy method of looking
at the process, which begins with idea genera-
tion and progresses to the development of
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specific features, then to full product develop-
ment, and lastly to product testing. Any discov-
ered flaws will be addressed, and the system
will be disassembled and reassembled until it is

Conceptual Framework
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judged to be functional and acceptable. The
Water Treatment System will be manufactured,
and the pieces will be assembled following the
design.

OUTPUT
A Biochar-Based Water
Treatment System for

Barangay Sawmill,
Villaverde, Nueva Vizcaya

Figure 1. Conceptual Framework

As Figure 1 shows, a cyclical process lever-
ages agricultural and forestry byproducts
through pyrolysis to generate biochar for filter-
ing polluted streams and springs. Raw materi-
als and local water quality standards define the
inputs, while comprehensive system design,
configuration, monitoring and iterative feed-
back with residents ensure outputs meet shift-
ing community requirements over time.

Notably, biochar production through pyrol-
ysis transforms inputs into a medium precisely
tailored for water treatment. Continuous en-
gagement also builds ownership as the system
openly incorporates changing village priorities.
Most significantly, though, is that clean drink-
ing water results from this cooperative ap-
proach - water purified through biochar
immediately addresses health while establish-
ing a model of community self-sufficiency. Reg-
ular reporting further reinforces a sustainable
cycle of assessment and improvement, con-
firming this paradigm empowers residents as
both beneficiaries and participants in local
problem-solving.

In closing, this integrated framework holis-
tically addresses Sawmill Village's water access
through environmentally-sound application of
indigenous resources. By prioritizing participa-
tory design and ongoing dialog, it exemplifies
how adapting technology to local contexts nur-
tures community well-being, responsibility and
resilience in ways more top-down solutions
cannot.
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Figure 2 illustrates the methodology under-
pinning the eco-friendly Biochar-Based Water
Treatment System as a pragmatic approach to
tackling water quality issues. The process com-
mences by pinpointing the problem and gath-
ering pertinent facts. A preliminary design is
then conceived and experimentally validated.
Provided the idea proves sound, it moves for-
ward to the definitive design stage involving
procurement of materials and system construc-
tion. Comprehensive testing subsequently as-
sesses adherence to performance baselines,
and satisfaction heralds the data compilation
phase from operational implementation. This
step is imperative to guarantee envisioned
functionality when reality sets in. Post-analysis
of acquired numbers guides any refinements
demanded by evaluations of the system's effec-
tiveness. Iterative testing and documentation
may persist until goals are satisfactorily ful-
filled, culminating in appraisal of the system's
overall impact and whether objectives were re-
alized.

Initial Testing Conducted

Before starting the design process, the re-
searcher carried out initial tests. These tests in-
volved experiments on small-scale water filtra-
tion systems, forming the basis for the design of
the system. The outcomes of these tests will be
incorporated into the design of the water treat-
ment system.

Experimentation with Small Filtration System

The pressing necessity to remedy the water
quality issues stemming from the spring in Ba-
rangay Sawmill necessitated a thorough inves-
tigation of alternative solutions. Recognizing
the urgency of the situation, the researcher em-
barked on an empirical study, crafting a com-
pact filtering contraption as illustrated in Fig-
ure 3. The present endeavor was not under-
taken independently; it was influenced by prior
research conducted by Guan et al. (2020),
which similarly displayed a comparable ar-
rangement and its efficacy.

12 om FINE SAND |

12 cm CHARCOAL

12 cm FINE SAND

a
5 cm GRAVEL l" e ne

. a4 A

Figure 3. Small Water Filtration System

While compact in scale, the design of the fil-
tration system was implemented with great at-
tention to nuance. Figure 3 provides an all-en-
compassing depiction of the various parts
through a cross-sectional rendering. Com-
mencing from the bottommost layer, the tech-
nique initially utilizes a bed of gravel measur-
ing 5 cmin thickness. Gravel plays a pivotal role
in the filtration process by effectively removing
larger particulate matter and sediment owing
to its coarse texture. Subsequently, a layer of 12
cm thickness comprising fine sand is

incorporated, acting as an auxiliary filtration
mechanism to capture any minute contami-
nants that may have circumvented the preced-
ing layer of gravel. The employment of sand fil-
tration has been a well-established approach in
the field of water purification, renowned for its
ability to effectively eliminate a wide array of
impurities, including some diseases.

At the core of the system's arrangement is a
12 cm stratum of charcoal, sourced solely from
Mahogany. Charcoal, particularly when derived
from specific woods including Mahogany, has
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exceptional adsorptive qualities. This property
enables it to efficiently attract and retain a wide
range of pollutants, like chemical contaminants
and some microbiological organisms, thereby
facilitating their removal from the water. Sub-
sequently, there exists an extra layer of fine
sand measuring 12 cm in thickness, which acts
to enhance the filtering mechanism and guar-
antee a thorough purification process.

Regarding dimensions, the system has a
height of 43 cm, with a top measurement of 28
cm x 38 cm and a base dimension of 22 cm x 33
cm. The proportions and design of this configu-
ration are suggestive of a compact and efficient
arrangement, with the primary objective of op-
timizing filtration while minimizing spatial
needs.

The effectiveness of the system is ulti-
mately ascertained by its practical implemen-
tation. Contaminated water was exposed to the
process of filtration, with the aim of evaluating
the system's capacity to perform in realistic
and unfavorable situations.

Fundamentally, this experimental arrange-
ment embodies a comprehensive methodology
for the process of water purification. The
system employs a multi-barrier cleansing

technique by integrating physical filtering ma-
terials such as gravel and sand with the adsorp-
tive properties of charcoal obtained from Ma-
hogany. The assessment of its performance in
the difficult water mixture will not only ascer-
tain its immediate feasibility but also provide
the foundation for eventual expansion and use
in broader settings.

The filtering system's ability to purify water
sources, seen in Figure 3, depends primarily on
the use of mahogany charcoal within its design.
Charcoal derived from certain woods such as
mahogany is well known for its power to ad-
sorb contaminants, rendering it a plausible
choice for this role. Nevertheless, like all exper-
imental trials, conclusive validation of effec-
tiveness requires empirical results.

Modification with Mahogany Charcoal

Table 1 presents a comprehensive profiling
of water quality after filtration processing.
Three crucial parameters were analyzed: Total
Coliform, Fecal Coliform, and Heterotrophic
Plate Count (HPC). These indicators serve as
signs of microbial pollution, where high read-
ings could pose risks to health.

Table 1. Water Quality Analysis of Contaminated Water Treated with Mahogany Charcoal Filtration

System

Result of Analysis

Total Coliform Fecal Coliform HPC Remarks
(MPN/100 mL) (MPN/100 mL) CFU/ 100 mL
>8 >8 <500 FAILED
Standard Requirement <1.1 <1.1 <500

Undoubtedly, though the filter mechanism
was thoughtfully engineered, it did not accom-
plish the intended purity standards based on
the tabulated information. Both Total and Fecal
Coliform counts far surpassed acceptable
thresholds, measuring over 8 MPN/100 mL
when fewer than 1.1 MPN/100 mL was the
strict criterion. Moreover, the high particle
count (HPC), another gauge of water quality,
exceeded its limit by showing more than 500
colony-forming units per each 100 milliliters
(CFU/100 mL).

Clearly, a serious issue emerges: the water
retained health hazards despite treatment and
was rendered unfit for drinking. The results
emphasize the intricate nature and difficulties
inherent in water purification, especially rely-
ing solely on a single filtering medium like ma-
hogany charcoal.

Clearly, adjustments to the filtration system
are urgently needed as revealed by these find-
ings. While mahogany charcoal displayed some
filtering capacity, coupling it with other purifi-
cation methods or materials may optimize its
efficacy. The empirical data in Table 4 plays a
crucial role as feedback, informing and steering
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subsequent actions in developing an enhanced,
comprehensive water purification solution. Re-
peated scientific testing, as shown here, views
failures not as endings but as signposts guiding
the next phase of investigation.

Modification with Coconut Shell Charcoal
The data in Table 2 presents a preliminary
evaluation of the difficulties encountered when

using an enhanced filter system with coconut
shell charcoal to purify a combination of deep
well water. Despite coconut charcoal's re-
nowned adsorptive attributes, the approach
failed to achieve satisfactory purification levels.
This is evidenced by increased Total Coliform,
Fecal Coliform, and HPC concentrations which
surpassed safety limits.

Table 2. Water Quality Analysis of Contaminated Water Treated with Coconut Shell Charcoal Filtra-

tion System

Result of Analysis
Total Coliform Fecal Coliform HPC Remarks
(MPN/100 mL) (MPN/100 mL) CFU/ 100 mL
>8 >8 >500 FAILED
Standard Requirement <1.1 <1.1 <500

Performance was consistent across flow
rates, remaining subpar. At one liter per mi-
nute, water quality stayed deficient, implying
coconut shell charcoal filtering may be inade-
quate for removing contaminants in the mixed
deep well water. This claim is reinforced by
comparable findings at a decreased 200 mL per
minute rate.

The repeated lack of success across various
flow rates underscores the intricate nature of

Integration of UV Sterilizer

water pollution and prompts queries regarding
exclusively relying on coconut shell charcoal
purification. The results indicate while coconut
shell charcoal can absorb some pollutants, its
capacity may be insufficient for the wide range
of impurities in mixed deep well water's com-
plex constitution. The findings stress the need
for a comprehensive or multi-step filtering plan
capable of effectively addressing a broad spec-
trum of contaminants.

Table 3. Efficacy of Coconut Shell Charcoal Filtration System Enhanced with UV Sterilization

Result of Analysis
Total Coliform Fecal Coliform HPC Remarks
(MPN/100 mL) (MPN/100 mL) CFU/ 100 mL
<1.1 <1.1 <500 PASSED
Standard Requirement <1.1 <11 <500

The incorporation of a UV Sterilizer into the
filter system has shown a significant improve-
ment in the quality of the treated water. As seen
in Table 3, the effectiveness of the coconut shell
charcoal filtration system is presented. The wa-
ter has been subjected to UV Sterilization, re-
sulting in an improvement in its quality that
now complies with the necessary safety criteria
for Total Coliform, Fecal Coliform, and HPC. The
obtained findings have significance due to their
adherence to the established safety criteria.

The effective technique in water purifica-
tion has been attributed to the combined im-
pact of the adsorptive qualities of coconut shell
charcoal and the microbiological contaminant
elimination capabilities of the UV sterilizer. The
collaboration between different components
guarantees that both particle and microbiolog-
ical pollutants are efficiently dealt with.
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Economic Viability of the Project

To evaluate the economic viability of the
project, the researcher ascertained the
quantity of 20-liter water containers that must
be sold in order to offset the project's costs,
thereby attaining a point of financial equilib-
rium. The task at hand pertains to the compu-
tation of the Equivalent Worth (EW) of the pro-
ject's net cash flow, particularly with regards to
the sales of the 20-liter water containers. The
mathematical expression for this computation
is provided in Equation 1 (Sullivan, G., et al,,
2015).

EW =f(y)
where:

To enhance the economic feasibility of the
project, we will use the Conventional Benefit-

EW - an equivalent worth (Present Worth,
Annual Worth, or Future Worth) cal-
culation for the net cash flow

Y - factor of interest affecting the equiva-
lent-worth values (in this case, the 20-
liters water container)

Cost (B-C) Ratio via the application of the
Present Worth approach, as cited in Sullivan G,
et.al (2015). The mathematical expression is as
follows:

PW (benefits of the proposed project)

B—C =
PW (total costs of the proposed project)
B_C= PW(B)
I — PW(MV) + PW(0&M)
where:
PW(+) - present worth of ()
B - benefits of the proposed project
I - initial investment in the proposed project
MV - market value at the end of useful life
0&M - Operating and maintenance costs of the project.
IfB-C=1 - Accept the project as economically justified the estimates.
IfB-C<1 - the project is not economically acceptable

Results and Discussions
Design of the Water Treatment System

The water filter design was guided by sev-
eral important criteria. A filter requiring an ac-
ceptable flow rate was needed, along with the
ability to remove harmful impurities from wa-
ter supplies. The design also aimed to create a
small-scale and affordable solution. Figure 4
displays the schematic of the final water treat-
ment concept.

The constructed filtration system utilized a
large cylindrical drum measuring seventeen
inches in diameter and thirty-two inches in
height, holding around two hundred liters of
capacity. The drum was filled with layers of
charcoal, variously sized beds of sand, and
gravel. This drum was chosen due to its wide-
spread availability, simple removal of filter ma-
terials thanks to spacious internal dimensions,

and low expenses associated with building this
design. The arrangement of sand, known as the
filter bed, strongly influences purification effi-
ciency. River sediment was gathered, rinsed,
and screened to obtain the sand. Gravel was
also collected directly from the nearby riv-
erbed. Locally sourced coconut shells were
burned to create charcoal, then crushed and
sifted through mesh screens retaining only
pieces between half a millimeter to one and a
half millimeters in size. Inlet and outlet pipes
were placed at the top and bottom respectively
to route water into and out of the drum's puri-
fication process. Its inner contents were orga-
nized with fine sand, fine charcoal, more fine
sand, coarse sand topping gravel at the base. An
automatic mechanism-controlled water levels
during operation. Further downstream, a steri-
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lizer utilizing twelve watts of power at one gal-
lon per minute capacity was installed to disin-
fect water exiting the drum. A drain valve was

-

WATER

17 CM FINE SAND

21 CM CHARCOAL

17 CM FINE SAND

5 CM COARSE SAND

10 CM GRAVEL

S V.

also added. Modelling predicted a flow rate of
around two hundred fifty milliliters per minute
during continuous use.

== et

UW STERILIZER

Figure 4. Schematic Diagram of the Final Design

Sizing the system relied upon daily con-
sumption needs for the target community. It
was tailored to serve roughly ten neighboring
families averaging four point three four mem-
bers each. Collectively, these eight households
required approximately one hundred thirty-
eight point eighty eight (138.88) liters of water
daily strictly for drinking. With continuous use,
the two hundred (200) liter capacity would
take around thirteen hours and twenty minutes
to fill

Physical and Bacteriological Test
Physical Test Result

Table 4 displays extensive data related to
water quality parameters during diverse stages
and flow rates of filtration and sterilization.
This information serves as a fundamental basis
for comprehending the impacts of these pro-
cesses on pivotal water quality metrics like pH,
color, conductivity, total dissolved solids (TDS),
and turbidity.

Table 4. Water Quality Parameters at Different Stages and Flow Rates of Filtration and Sterilization

Ph Color .. TDS  Turbidi
Standard (<65-85) (<10Tcy) Conduetvity o5 (<5 FTI%I
Raw water 8.85 281 481 241 38
Filtered at 1000 mL/min 8.99 20 498 249 2
Filtered at 750 mL/min 8.11 15 497 249 1
Filtered at 500 mL/min 8.03 11 497 249 4
Filtered at 250 mL/min 8.03 9 500 250 3
Sterilized at 1000 mL/min 8.02 19 502 251 2
Sterilized at 750 mL/min 7.99 14 496 248 3
Sterilized at 500 mL/min 7.97 11 497 249 3
Sterilized at 250 mL/min 7.99 8 500 250 3
[JMABER 3958 Volume 5 | Number 10 | October | 2024



Rodolfo & Nebrida, 2024 / A Biochar-Based Water Treatment System for Barangay Sawmill, Villaverde, Nueva Vizcaya

The guidelines asserted by WHO propose
that pH values do not have a definitive health
effect. However, they advise a pH scope be-
tween 6.5 and 8.5 as a general standard to
shield water infrastructure and lessen the risks
of corrosion and scaling. It merits noting that
the pH levels of filtered water demonstrate
fluctuations at assorted flow rates, with some
exceeding the upper limit. This necessitates in-
spection of the buffering abilities of the filtering
medium and potential need for pH modification
processes.

The color parameter shows a significant de-
crease throughout the filtering process, espe-
cially at lower flow rates. This indicates the po-
tency of the filtration system in removing color,
which is crucial for maintaining aesthetic qual-
ity and acceptance among customers. Extensive
studies by Aziz et al. emphasized the remarka-
ble proficiency of activated carbon in this re-
gard via adsorption.

Turbidity exhibits a comparable pattern,
significantly decreasing after filtration and dur-
ing sterilization. This is extremely important
owing to EPA's maximum contaminant level of

Bacteriological Test Result

1 NTU for filtered water to mitigate microbial
contamination risk. Disease transmission pre-
vention, specifically cholera and giardiasis, ne-
cessitates lowering turbidity as elucidated by
Edberg et al.

The conductivity and TDS levels, which
serve as indicators of ion presence, do not
demonstrate substantial changes throughout
filtration and sterilization processes at differ-
ent flow rates. This observation aligns with re-
search by Snoeyink and Jenkins, who eluci-
dated standard filtering methods do not pos-
sess intrinsic efficacy in eliminating dissolved
ions. Furthermore, TDS levels regularly stay be-
low the WHO standard limit of 500 mg/L. As a
result, the water maintains reasonable quality
in terms of dissolved solids.

During diverse phases of sterilization, mi-
nor variations seen in the parameters may sug-
gest sterilization has a minor effect on these
specific water quality metrics. Therefore, more
research is necessary to investigate potential
consequences of sterilization on microbiologi-
cal quality, which is not included in the sup-
plied table.

Table 5. Efficacy of Various Filtration and Sterilization Flow Rates in Meeting Bacteriological Water

Quality Standards
HPU Total Coliforms (rll;‘l;;ir)l(():t()(;liz:;ts
Sample CFU/ml MPN/ml Remarks
(<500) (<1.1) MPN/ml
(<1.1)
Raw >500 >8 >8 FAILED
Filtered at 1000 mL/min >500 >8 >8 FAILED
Filtered at 750 mL/min >500 >8 >8 FAILED
Filtered at 500ml/min >500 >8 >8 FAILED
Filtered at 250 ml/min <500 <1.1 <1.1 PASSED
Sterilized at 1000 mL/min >500 >8 >8 FAILED
Sterilized at 750 mL/min >500 >8 >8 FAILED
Sterilized at 500ml/min >500 >8 >8 FAILED
Sterilized at 250 ml/min <500 <1.1 <1.1 PASSED

Observations recorded in Table 5 are a crit-
ical look at the effect of varying flow rates on
filtration and sterilization bacteriology col-
umns in water systems. Such is demonstrated
by the data in Table: Both the filtration and
sterilization protocols are highly effective, even

at a reduced flow rate of 250 mL/min. The re-
quirement criterion is, once again, 500 CFU/mL
for heterotrophic plate count (HPU) and 1.1
MPN/ml for total or thermotolerant coliforms.
It is seen that in this complex relationship be-
tween flow rate and bacterial eliminations,
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different flow rates lead to different bacterio-
logical results.

Microbial water quality and treatment con-
text, the observed performance at a flow rate of
250 mL/min in removing bacteriological enti-
ties to permissible levels is consistent with
what Tchobanoglous, Burton, and Stensel
(2003) describe as a phenomenon where re-
ducing flow rates or increasing hydraulic reten-
tion times enhances the efficacy of mechanical
and biological treatment protocols. This flow
rate performs according to that rule. This may
result mainly from better solid-liquid separa-
tion -or better still in terms of appearance on
our graph of scum area, from more pronounced
sludge settling downwards due to a more rec-
tangular up flow stream velocity enough to pro-
duce settling zones and then further settling-
and the greater interaction (particle collisions)
between disinfectants and microorganisms
that results is further increasing microbial re-
duction.

At the same time, flow rates greater than
250 mL/min were unable to consistently reach
the stipulated bacterial quality standards. This
suggests that contact time or mechanical re-
moval were insufficient. Higher flow rates can-
not always ensure complete bacterial removal
or inactivation. Limitations in ensuring public

health security may also yet rest mainly on this,
given the well-established relationship be-
tween coliform bacteria numbers and the pres-
ence of pathogenic organisms in water sources
(Alajlan et al.,, 2022). This paves the way for dis-
eases to be transmitted by drinking water, par-
ticularly through consumption of waters where
fecal coliforms are present.

Observing the previously suggested perfor-
mance of 250 mL/min would seem to be better
suctioning for bacteriological control, but all
the same, there is an urgent need to explore--
also what effects there may be on system
throughput, as well whether reduced flow rates
are feasible in larger-scale treatment plants or
if problems will arise in maintaining operations
with these changes. To construct a water treat-
ment paradigm that is both sustainable and
health-protective, grasping the bacteriological
generation data and these compound elements
together is necessary.

The comparative analysis of Table 6, which
contains water quality parameter data from a
high diversity of water systems (distilled, puri-
fied drinking water, faucet water refilling sta-
tions, and biochar-biocon pressed systems),
gives deep insight into how the safety and qual-
ity differ sources of the same can cold water.

Table 6. Comparative Analysis of Water Quality Parameters: Distilled, Purified, Refilling Station, and

Biochar-Based System

Ph Color . . TDS Turbidity

Standard (<65-85) (<10Tcy) comduetvity  _co0  (<s5FTU)
Distilled Drinking Water 8.65 0 26.3 13.15 0
Purified Drinking Water 7.69 0 7.37 3.69 0
Refilling station 6.12 0 28.3 14.15 0
Biochar-Based System 7.99 8 500 250 3

Even though distilled drinking water has a
pH of 8.65, its quality is extraordinary if we ex-
amine other parameters such as the original
raw water measured before treating it, conduc-
tivity, color or TDS. Even if turbidity is 1 (5),
this suggests that it content contains very pure
liquid indeed! Purified drinking water at 7.69
pH has good purity and excellent water quality
by the standards of the Water Testing Manual.

However, water obtained from refilling sta-
tions has a pH of 6.12, resulting in misgivings
and anxiety about its microbiological charac-
teristics. Several refilling stations had high lev-
els of gas-producing strains of E. coli and coli-
form counts, and some did not attain a satisfac-
tory level of health hygiene for sanitation qual-
ity. This is demonstrated in a study by Veza Az-
teria and Ernalinda Lovyana (2023). This
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provides proof that the unseen dangers of wa-
ter from these sources are real and emphasizes
once more the need to exercise strict supervi-
sion and control.

Conversely, the biochar-based system has
high levels of conductivity and TDS, as well as a
colored appearance, which indicate that its
mineral content is substantial although its pH
of 7.99 is acceptable. There are substantial rea-
sons why the biochar system cannot simply be
transplanted into the domain of purification:
this study demonstrates that its application in
treating potable water requires extremely
careful gradation.

Lastly, this analysis concludes by stressing
that there are too many difficulties in protect-
ing the safety and purity of drinking water from
all different sources. Although both distilled
and purified waters typically show higher qual-
ity, the specific problems posed by biochar-
based systems and the unpredictable nature of
replenishment station water guarantee that
watering our people's health will be an ongoing
and intensive job requiring innumerable tests.
It is anathema to equate the safety and quality
of water coming from today 's miscellaneous
water supplies with source derivation alone

In the provision of potable water, public
health and safety can only be maintained by on-
going surveillance, strict adherence to sanita-
tion protocols, and informing the public that
there is variability. among sources for water
quality.

Economic Viability Computations
Initial investment

From Bill of materials, the initial invest-
ment is worth P8,790.00.

Monthly water consumption for 8 families.

The Institute of Medicine of the National
Academies recommends 2.7 liters for adult
women and 3.7 liters for males each day. Ac-
cording to the recommendations, foods can
supply about 20% of daily hydration intake.
This suggests that plain water accounts for
80% of overall water consumption.

Average water consumption per person = 0.8 x
(2.7 +3.7)/2 = 2.56 liters

For the 8 families having an average of 4.34
members per family, the average daily con-
sumption is;

= (2.56 liters/person) x (4.34 per-
son/family) x (8 family) = 88.88 liters/day

= 2,666.50 liters per month

Revenue

The current cost of water in Villaverde is
governed by the price structure of the local wa-
ter refilling stations, which charges Php 25.00
for each 20-liter water container, or P1.25 per
liter.

Revenue = (2,666.50 liters/month) x (P1.25/1i-
ter) = P3,333.12/month

Operation and Maintenance Cost
Operation Cost

The cost of operation is determined by elec-
trical energy consumption and monthly labora-
tory tests. The Nuvelco's annual average pric-
ing is P15.00 per kWh while the laboratory test
cost P550.00. Regardless of the absence of wa-
ter entering the system, the sterilizer must be
turned on. That way, when there is water enter-
ing and no water entering the system, there is
no need to turn the sterilizer on and off specifi-
cally when the storage tank is full. Because of
this, it will be maintained that the water output
of the system is safe to drink.

The electrical energy is
= (12 W x 1 kW/1000 W) x (720
hours/month) x (P15.00/kWh)
=P129.60/month

Operation cost = electrical energy cost + labor-
atory cost
= (P129.60+ P550.00)/month =
P679.60/month

Maintenance Cost

The quarterly replacement of the charcoal
filter, along with labor and electrical energy us-
age, contribute to the maintenance cost. It re-
quires two sacks of charcoal, each costing
P250.00, for a total of P500.00. The labor cost
is P900.00, while the electrical energy needed
for crushing the charcoal with a portable
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blender is estimated to be P100.00. The total
quarterly maintenance cost is P1,500.00.

Conversion of effective annual interest rate
to nominal interest rate

ER=(1+ i)" — 1, (Fernando, J.,, 2023)
where:

ER - effective annual interest rate

i- nominal rate

n - number of times interest is com-
pounded per stated time,12 for
monthly.

Using 6% effective annual interest rate,
0.06 = (1 +)'? —1,i=0.058411

The nominal interest rate per year is 5.8411%
and the interest rate compounded monthly is
5.8411%/12 =0.48676%.

Conversion of maintenance cost from quarterly into monthly
Below is the cash flow diagram of the quarterly maintenance cost and the corresponding monthly

maintenance cost. )
1500

The following formulas will be used:

P =F(1+i)™n
Finding P given F
p=AC
Finding P given A
where:
P = present worth of money
F = future worth of money
A = equivalent end-of-period values in a uniform series continuing for a specified
number of periods
i = interest rate per interest
period
n = number of compounding
periods

Using present worth method and 0.48676% compounded monthly, the equation is

pquarterly = Pmonthly

1500(1 + 0.0048676) 7% = —-=

MC = P497.57 /month

(1 - (1+ 0.0048676)3)

The converted monthly maintenance cost is P497.57.

The total Operation and Maintenance cost is;
= (P679.60 + P497.57) /month
=P1,177.17 /month

Calculation of the Breakeven Point

The determination of the breakeven point
involves equating the present value (PW) of the
project's monthly revenue (savings) to the PW

of its combined investment and monthly 0&M
expenses, Sullivan, G., et al, (2015). Below is
the cash flow diagram.
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Using 0.48676% compounded monthly interest rate, the equation produces the following result:
PW (Investment + OM) = PW (Revenue)

8,790 + 1177.17 1—(1+ 0.0048676) "
’ 0.0048676( ( ' 7

3333.12

T 00048676 T -n
= 00048676 (-~ (1+0:0048676)7)

n=4.13
The breakeven is equal to 4 months and 4 days, say 4 months.

Calculating the B-C Ratio
To enhance the economic feasibility of the project, the Conventional Benefit-Cost (B-C) Ratio
by Present Worth method, as cited in Sullivan G, et. al (2015). The mathematical expression is as

follows:
PW(benefits of the proposed project)

B-C= PW(total costs of the proposed project)
B_C= PW(B)
I - PW(SV) + PW(0&M)
where:

PW(-) - present worth of ()
B - benefits of the proposed project
I - initial investment in the proposed project
MV - salvage value at the end of useful life
0&M - Operating and maintenance costs of the project.
IfB-C=1 - Accept the project as economically justified the estimates.
IfB-C<1 - the project is not economically acceptable

The benefit of the project will come from year. The same is true for the system's other
the revenue itself. UV lamps have a lifespan of components. As a result, the system's usable
around 9,000 hours, according to freshwater- lifeis one year, and its salvage value is zero. The
systems.com. The UV lamp is used 24 hours a computation of the B - C Ratio for one (1) year
day for roughly one (1) year. This signifies that is shown below.
the UV lamp has no salvage value after one

3333.12

N NOAQERT A - —-12
B _ 0.0048676 (1 —-(1+0.0048676)""9)
‘ 8790_0+ﬂ1 1 4+ 0.0048676)~12
’ 0.0048676 ( ( : )~ 1%)

B-C=172>1
The B-C ratio is greater than one. Therefore, the project is economically acceptable.
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Conclusions

After considering the goals of the project, it
is possible to conclude that the system'’s design
and construction may be considered accom-
plished. The 200-liter cylindrical container
with a composite mixture of coconut shell char-
coal, sand, and gravel was a great way to show
how water treatment can be done using bio-
char in comparison. The introduction of UV
sterilization also helped improve the overall
system purification process, validating that wa-
ter is treated thoroughly.

The technology’s efficiency was tested un-
der different conditions, and the received out-
comes were striking. The post-treatment effect
led to significant changes in the physical prop-
erties of water: pH indicator, color, conductiv-
ity, and turbidity. The system’s ability to reduce
microbiological pollutants to an appropriate
rate for human use was supported by the re-
sults of bacteriological testing, especially at the
flow rate of 250 mL/minute.

From an economical point of view, it pro-
vides a reasonable solution for the neighbor-
hood. The breakeven analysis helps under-
stand the point in which the original and ongo-
ing costs of the project are returned to the com-
munity in terms of savings. According to the
study, it happens in 4 years, and it means that
the system will only start creating a cost-saving
impact for the community over the three years
of its usage. Another critical indicator, the Ben-
efit-to-Cost ratio is 1.21, meaning that one unit
of currency will return 1.21 units of currency,
which makes the project economically sound.
Thus, the Biochar-Based Water Treatment Sys-
tem can assure better access to clean water for
the Villaverde community, proving to be eco-
nomically feasible.
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