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ABSTRACT

Coffee is one of the main crops available in Baslay, Dauin, Negros Oriental. It
undergoes drying, which is a necessary stage in coffee processing to stabilize the product.
The geothermal prospect in Baslay is a thermally active area that appears more useful when
drying coffee beans because it is consistent and sustainable. Using an experimental and
guantitative research methodology, this study evaluates the suitability and efficacy of the
coffee bean dryer using a geothermal heat resource in Baslay, with a maximum temperature
of 63°C. The dryer's construction and material selection are all covered in the research.
Efficiently harnessing the geothermal water source to optimize heat transfer to the dryer is
essential, achieving uniform drying of 500 grams of coffee beans. The drying process
involved five trials. The first two trials had different specifications from the subsequent
three. Moisture analysis results showed the moisture content of the coffee beans in the trials
was 3.85%, 15.62%, 5.54%, 7.40%, and in the last trial 6.44%. According to the results of
the survey questionnaire, the researchers have determined that the coffee bean dryer
effectively utilizes geothermal heat to dry coffee beans. Most respondents, who are
members of the BASHACO, indicate their satisfaction with its performance in drying coffee
beans. The precise control of the drying process allowth&optimization of geothermal
ener gy benefits, and dgedithermal Wwatel somreet ha® beeno f
demonstrated to be an effective method for drying coffee beans.

Keywords: coffee bean, drying, dryer, geothermal, moisture
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CHAPTER 1
THE PROBLEM AND ITS SCOPE
1.1 Introduction

Coffee is a globally cherished beverage that is enjoyed by the people for its
widespread popularity and energizing effects. Its cultivation to consumption involves a step
by-step elaborative process, with one crucial stage being the drying process. During this
stage, freshly harvested coffee beans are dried to an optimal moisture level, which is
important for storage and further processing. The process of drying includes removing
moisture content in order to enhance storage and prolong its preservation.

A study conducted by Freites et al. states that the coffee industry has a significant
impact on the world economy. More than 90% of the coffee produced globally is grown in
developing countries. It provides economic support to approximately 25 million local
farmers worldwide. In addition, a major global commodity, coffee demand, has proven
remarkably resilient despite the changing agricultural economy. Surpassing the 2.5% growth
in agriculture overall, coffee output has grown at a rate of 3.5% per year since 2008.

One of the main crops available in Baslay, Dauisncoffee, and to move to more
costeffective and environmentally friendly practices, the geothermal manifestation that is
also available and abundant in the area will be used. Coffee bean drying is a process that can
be efficiently addressed by utilizing geothermal energy. The amount of time spent in drying
the harvested beans becomes crucial to improving both the quality and sustainability of the
coffee. Following proper bean drying reduces the environmental impact and production

costs significantly as it preserves flavor.



In this study, the researchers aim to investigate the process of coffee bean drying in
Baslay, Dauin, by utilizing the geothermal heat source. In addition, this research will
determine the suitability of using geothermal heat for drying robusta coffee beans, farmed
by local farmers near the geothermal manifestation. Geothermal energy is a renewable
source that can be utilized for drying coffee beans. Given that it is a sustainable heat source
in production and different agriculture processes, it als@bl@as environmental impact and
has low potential for energy efficiency.

Furthermore, even during rainy seasons, farmers can have a consistent way to dry
the coffee beans faster than the usual sun drying by using geothermal heat. The efficient use
of this heat in coffee drying processes in Baslay, Dauin, Negros Oriental could serve as a
guide for other coffe@roducing regions with geothermal energy resources. Hence, the
objective of this study is to create a thorough andfeeadly coffee drying process that
creates a balance between the demands of the coffee industry and a sustainable resource.
1.2 Statement of the Problem

The purpose of this study is to evaluate the sustainability and effectiveness of
utilizing geothermal heat in coffee bean drying operations in Baslay, Dauin. In the
pursuance of the study, this sought to answer the following questions:

1. What are the characteristics of the geothermal fluid used to provide heat in the
coffee bean dryer?

2. What are the specific design requirements for a coffee bean dryer that uses
geothermal heat in Baslay, Dauin?

3. What is the moisture content of the dried coffee beans?

4. What is the required drying time for coffee beans to meet the quality standards
set by BASHACO?



1.3 Specific Objectives of the Study

To ensure that theggpalsare met and fulfilled at the end of the data gathering, the
study includes specific objectives.
1. This study aims to determine whether the geothermal heat in Baslay,d2auny the
coffee beans using the fabricated coffee bean dryer to the necessary moisture level.
2. This study aims to determine whether using geothermal heat in Baslay, Dauin, to dry
coffee beans is both feasible and effective.
3. This study aims to develop a practical and efficient coffee bean drying system that

harnesses geothermal heat resources in Baslay, Dauin.

1.4 Significance of the Study

NORSU. Negros Oriental State University will benefit from this study because it
encourages the development of research and practical learning skills, which is in line with
the educational goal s of the institution.
position asone of the leaders in both research and education, significantly influencing the
connection between agricultural and renewable energy. Additionally, the credibility of the
institution will benefit from this, particularly in the Engineering Department.

The Environment. The potential of the research to change the coffee bean drying
production process into a more environmentally conscious and sustainable endeavor makes
it significant from the point of view of the environment. The use of geothermal heat
provides a route toward a more sustainable and resilient agriculture industry, which is in line
with larger environmental objectives.

The Students.The study provides students with a wealth of educational possibilities

and developing abilities exercises. This study provides a comprehensive and diverse



learning experience by integrating academic knowledge withwedt applicatios. It
demonstrates how science is used in engineering and agriculture in everyday circumstances.
It presents a challenge for students to gather data, make inferences, and offer suggestions
based on scientific data regarding additional methods of distillery spent wash disposal.

The Farmers. The study is very important to the local farmers because it could
bring about sustainable and creative solutions for the coffee bean drying process, which
would greatly enhance the social, economic, and environmental aspgwCaiffee Bean
Plantation in Baslay. The advantages go beyond helping specific farmers and supperting
general development of the nearby farming community.

Researchers For researchers from a variety of academic fields, this study is highly
significant because it provides an opportunity for meaningful scholarly contributions,
interdisciplinary collaboration, and practical problsoiving in the search for innovative

and sustainable approaches to coffee bean drying in Baslay, Dauin.

1.5 Scope and Limitation of the Study

This study focusesn theconceptualization, design, and development of a coffee
bean drying system that utilizes geothermal heat as its primary energy source. This includes
considerations for technical specifications, thermal efficiency, and material selection. The
experimental sample will include three (3) consecutive trials of testing the constructed
coffee bean dryer to determine its efficacy and reliability.

Since about 13.5% moisture content is recommended for storage and sale in
BASHACO, the coffee bean must be dried using the coffee bean dryer to reduce its moisture
content. This process will produce a stable product. Weigh the coffee beans both before and

after drying to calculate the percentage of moisture removed, as well as to assess the coffee



bean dr y er 6 sencompassing dryireg neffieiency and energy consumption.
Limitations of the study include coffee availability, because of clircaBngejthe harvest
season came earlier than usual, causing the decrease in coffee availability. According to the
chairman, the farm will likely run out of undried coffee beans by the last week of March.
Another limitation is that the experiment will be conducted on a small scale (500 grams of
undried coffee beans), which may not fully represent the performance of the coffee bean
dryer under | arge production vol umes. Thi s
as the researchers are solely focusing on the drying process. In addition, time constraints
may affect thestudy;thereforeJong-term impacts may not be fully captured in the findings.
Considering these limitations, the study addresses an essential component of
environmentally friendly coffee processing that could provide important new information
about the potential benefits and effects of geothermal coffee bean drying in Baslay, Dauin.
Within the parameters of the research's scope and context, the limits provide a framework
for the proper application and interpretation of the findings. These restrictions might be

addressed in subsequent studies to expanthgmdvethe knowledge already available.

1.6 Definition of Terms

Gaining a precise and clear understanding of key phrases is essential to
comprehension and communication in any research projecensure that readers and
researchers all have a consistent grasp of the language used throughout the study.
Arabica Coffee BeansArabicacoffee beans are typically ovdlave a pronounced center

crease, and atargercompared to Robusta beans.



Bone Dry Coffee Beans Coffee beans that have been dried to the complete absence of
moisture content. This level of dryness is achieved by drying the beans until they no longer
contain excess moisture.

Coffee Bean.A coffee bean is the bean of a coffee plant, which resembles a bush and can
grow very tall. To keep the plant manageable, coffee farmers in Baslay, Dauin, typically
trim it to a height of about five feet.

Coffee Bean Dryer.A coffee bean dryer is a type of dryer that is designed in this study to
dry coffee beans. It is smaller in size arahbe carried out easily at the geothermal water
source in Baslay, Dauin.

Drying. Drying refers to the removal of the water content available in a coffee bean. It
improves visibility as well as tHeng-termpreservation of the main product.

Geothermal Hot Spring. It is a naturally occurring geothermal heat sowbéchis used to

heat the coffee beans through heat exchangers.

Robusta Coffee Bean Robusta coffee bean is another variety of coffee $@drich is

mainly available in elevated areas. It is the main product used in this study, provided by

BASHACO, to evaluate the effectiveness of the coffee bean dryer.



CHAPTER 2
THEORETICAL BACKGROUND

Geothermal Energy Utilization

Geothermal energy, or the heat extracted from deep underground, can be used not
only for producing an electrical energy source but also for utilizing its heat directly, such as
in space heating and cooling, pasteurization, and drying processes (Chiasson, 2015). The
direct use of geothermal heat became popular globally as an alternative use (Njuguna, 2020)
and usually depends on its temperature, typically low ntiedium and chemical
considerations, as stated in the ESMAP Report of the World Bank Group (2022).

In the dryingprocess, geothermal heat may be used to dry several crops, such as rice,
tea, and coffee beans (Abdullah, 2010). The heat produced from the geothermal energy
source can be used directly to dry agricultural products. This is beneficial since it provides a

continuous and stable process of drying.

Agricultural Drying Processes

According to the study conducted by Sumotarto et al. (2000), drying agricultural
products such as rice, coffee and tea can benefit from geothermal heat. In addition, tomatoes
undergo a geothermal drying process after they pass thHeepteent stage, cut into two
halves, placed on stainless steel trays, and then charged into the drying chamber. The drying
process uses a lewost geothermal water source to heat atmospheric air to approximately
55% infined tube air heat coils. It was stated that four tonnes of-figdlity dried tomatoes
were produced during the first year of operatigagilevska, 2003).

Low-enthalpy geothermal fluids are very convenient as well as applicable in the

drying of agricultural products. Convenience in terms of the positive influence on the heat



loading factor of the geothermal water source, which is one of the most significant factors in

the exploitation of geothermal manifestatidfasilevska, 2003).

Coffee Bean Drying

Important variables in the drying process of coffee beans include the temperature,
moisture level, humidity and air flow rate. The drying temperatures of coffee beans are set
to below 60°C so as not to damage the taste of coffee (Prasetyo et al., 2018). After harvest,
the coffee bean@moisture content is 45% and 55% (Tetreault, 2024).

According to a studypy Gachen et al. (2020), to achieve a stable product for storage
and sale, a coffee bean must have a moisture reduction of 60% to 11% on a wet basis.
However, it is stated in the studyy Sumotarto et al. (2019) that several crops prefer
temperaturesf 50 to 60°C to dry. About 40% of relative humidity might be sufficient to
carry out a drying procedure.

Geothermaknergy utilization affects the duration of the drying phases of the coffee
processing process, according to data gathered thus far from the GCP (Geothermal Coffee
Process). Each type of coffee processing takes much less time with geadh2rioa days

for a full wash and 7 to 10 days for natural processing (Cariaga 2023).

Heat Pipe Heat Exchanger (HPHE) Theory

I n a  WYtiliaattbry of flhe Heat Pipe Heat Exchanger at Low Enthalpy
Geothermal Energy to Coffee Drying Proagss t o i mprove Geot her
performance, it is essential to implement highly sufficient and effective heat transfer
technology.Heat Pipe Heat Exchanger (HPHE) stands outittrcompact design and
ability to control heat flow, making them an excellent choice for boosting efficiency

(Hakim et.al., 2020).



In a study titledAiEnhancing the performance of conventional coffee beans drying
with lowt e mper ature geot her mal energy by apply
HPHE is a heat transfer device that has a high conductivity value that is already well tested
for several applicationst has some advantages over conventional heat exchangers. These
advantages are as follows: HPHE does not require additional energy (Passive devices), is
more compact and hasnpleroperation, and may reduce production and maintenance costs

(Gunawan et al., 2021).

Heat Transfer Principle

One thing to consider when designing a heat exchanger system is to understand the
principle of heat transfer and to identify the appropriate concept of the drying method.
According to Bergman et al. (2002), these principles of heat transfer help to achieve a
consistent heat distribution and efficient use of heat.

In terms of the conduction process, it is the transfer of geothermal heat to a heat
exchanger ocopper tubes inside walls. Meanwhile, involving convective heat transfer in
the process of heat flow in the case of the movement of the fluid passing through the heat
exchanger. Through the vent, the heat from the copper tubes is also transferred to the air
inside the dryer by convection, which helps to dry the product inside the dryer.

A study conducted by Prasetyo et al., (2018), utilized a heat exchanger to obtain
energy from geothermal fluid and utilized it for coffee drying. One common method of
extracting geothermal energy, particularly low temperature geothermal energy, is to use a

coffee drying machine to circulate fluid through a pipe that is connected to a heat exchanger.



2.1 Theoretical Framework
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Figure 1. Theoretical Framework
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2.2 Conceptual Framework

In this study, the researchéosmulatea structure which presents key concepts in relation

to coffee bean drying using geothermal heat sources. This is crucial since it provides a better

under standi

The framework presents the concept of a coffee bean dryer utilizing the geothermal heat

source in Baslay, Dauin. The goal of this approach is to replace traditional drying methods,

ng

and

Geothermal Heat Source in
Baslay, Dauin

[ Heat Exchanger System ]

[ Coffee Bean Dryer ]

Control and Monitoring
System

[ Dried Coffee Beans ]

anal ysi s

of

Figure 2. Conceptual Framework

t

he

research

including sun drying, with a prototype dryer that effectively uses geothermal heat to dry coffee

beans. The framework considers technical factors that include the design and fabrication of the

coffee bean dryer with the implementation of a heat exchange system to ensure that drying

conditions are precisely monitoreflo achieve the ideal moisture content for the dried coffee

beans, careful monitoring of the temperature was applied. The dried coffee bean output serves as a

comprehensive guide in determining the effectiveness of the coffee bean dryer uilizing

geothermal heat source.
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CHAPTER 3

REVIEW OF RELATED LITERATURE AND STUDIES

According to astudy by Dzaky et al.(2023, coffee is a drink that is brewed and
considered as an important need for our everyday life through the past 50 years, the coffee
consumption average fannual growth has achieved 1.9%.

Coffee production has an important dryipgocessithis is because it reduces the
moisture content of the coffee beans. Right after harvediitgc o f f ee beans b
content is 45% and 55% (Tetreault, 2024). According to another &tydyachen et al.
(2020), in order to have a stable product for storage and sale, coffeesheaidhave a
moisture reduction of 60% to 11% on a wet basis. Prasetyo et al. (2018) also stated in their
study that there are two stages of coffee bean drying: first is the initial drying where the skin
iIs removed until the moisture content reaches 48#6l thesecond is to dry the beans
further until it reaches a moisture content of 12.5%.

It is stated by Kaffeehandel (2023) that the Robusta coffee variety originated in
Central and West Africand opened the way for coffee cultivation in lowland areas in
Congo at the end of the 19th century. Aside from the $argbusta coffee production in the
world, it also requires good pesarvest handling (Channabasamma et al., 2021). According
to Channabasamma et al. (2021), robusta comes up well at a lower elevatiorawbere
and humid climate prevails and is resistant to many pests and diseases affecting coffee
compared to Arabica coffee, which is susceptible to them.

Kaffeehandel (2023) claims that the robusta variety is stronger, more resistant to
diseases, and more productive. Since its cultivation was not limited to Africa, Coffea

canephora was alggrown in northern Brazil anfsia, particularly in Indonesia, India, the
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Philippines, and Vietnam. Robusta is then considered the second most popular bean in the
world after Arabica, which accounts for about 40% of the coffee production globally.

Channabasamma et al. (2021) assert that the harvested coffee beans are processed by
two methods: wet and dry. The coffee processed by the wet method is known as parchment
coffee, and the beans processed by the dry method are called cherry coffee. In the dry
method, the fresh coffee beans are spread out on a clean surface or yard and dried for about
12 to 15 days to reduce their moisture ldwehbout 11 to 12%. Moreovearabicacoffee in
India is commonly processed by the wet method, while most robusta coffesperedoy
the dry method. Channabasamma et al. (2021) concluded in their study that the total drying
period of robusta coffee beans was 48, 40, and 32 hours at 40°C, 50°C, and 60°C, over 88
hours by susdrying.

According to Bahtiar et al. (2023), the best rainfall for robusta coffee plants is
between 2000 and 3000 mm/year. High rainfall throughout the year causes a decrease in
harvest and lack of dry season can limit coffee harvest in lowland tropical areas. North
Maluku has an average air humidity of 84% and wind velocity of 31 knots in August. The
highest rainfall is in January. The largest sunshine of 89% occurs in September, whereas
rain is all year round with varying intensity. Rainfall in the areas around the coffee
plantations in Bale Village is approximately 268000 mm/year, which is an ideal
condition for robusta coffee growth.

Despite the Robusta variety's greater benefits when producing coffee, many earlier
studies have shown that this variety of coffee srigpnot significant to any particular
region. In the study of Prasetyo et al. (2018), it is stated that the drying temperatures are set

to below 60°C so as not to damage the taste of coffee. Heating at 50°C also prevents
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hardening, where the outside layer has dried up but the inside coffee is still wet. This
phenomenon will increase the pressure of the water content inside the coffee, pressing it to
the outside so that it can break. Additionally, microorganisms can develop in coffee that is
still wet, which affects its quality.

Njuguna (2020) described that direct utilization of geothermal energy became
popular throughout the world as an alternative use. Drying is one example of direct use. It is
a mass transfer process that consists of removing the water using heat energy. It is a stage
after harvesting where the coffee beans are dried to their ideal moisture level. Its main
objective is to reduce the moisture content to allow for a longer storage period safely. It also
reduces the weight and volume, making packaging, storage, and transportation easier.

Geothermal drying has proven beneficial in drying other products like grains,
seaweed, fish, meat, fruits, and vegetables. In a study conducted by Njuguna (2020), it is
noted that for all dryers, the amount of time taken to dry the grain is determined by the
original moisture content of the grain being dried and the method of introduction of the hot
air for drying. Different grain types also require different factors affecting drying like
temperature and the flow of air. If the drying temperature is low, the grain may not dry
properly and may rot, while very high temperatures could cause cracking and case
hardening, and sometimes may Kill the life in seed grain (Njuguna, 2020).

Meanwhile, in a study conducted by Harefa et al. (2022), it is stated that drying
using residual geothermal fluid through a heat exchanger can dry at night and is available 24
hours a day without being disturbed by the weather. Fuentes (2018) explained that in
general, all industrial drying processes are carried out using electrical energy. This provides

the heating source to get the right temperature stadsthe process of evaporation of
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moisture from the product. The drying is carried out attexinperaturedvetween 35 and
80°C. Therefore, low temperature geothermal fluids can be used for the drying of
agricultural products.

Preliminary tests have indicated that geothermal drying is superior in terms of cost,
reliability, and efficiency compared to traditional drying methods used by farmers.
According to a study of Njuguna in 2020, the Menengai geothermal dryer appears to be the
optimal choice for grain drying, offered by its technological and earthly benefits. They
stated that geothermal energy is environmentally friendly and is consistent and renewable,
making the dryer available even during rainy seasons when sun drying is not given as an
option. Through this procesthis allows to dry batches of grains which saves time and
minimizes handling issues. Also, the geothermal drying process proves to be mere cost
effective than those alternative methods thus the heat utilized is-paotyct of the
electricity generation process.

Another study conducted by Gunawan et al. in 2020 found that it is suggested that
the coffee beans should be dried to remove moisture content from around 65% to 11%. The
potential ofIndonesia’s geothermal energy could be utilized either directly for this drying
process or in combination with solar energy.

Otherimportant variables in the drying process of grains are humidity and air flow
rate. According to a studyy Sumotarto et al. (2019), numerous crops require temperatures
up to 90°C to dry. Nevertheless, most of the crops prefer 50 to 60 dé&igkstus About

40% of relative humidity might be sufficient to carry out a drying procedure.

According to research conducted by Dzaky et(2023), they introduced a solar

biomass hybrid system that is designed to dry coffee beans. This innovative approach
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collides with using coffee husk pellets for combustion with a photovoltaic thermal
mechanism. This process can reduce the moisture content from 12% to 80%.

According to Sumotarto et al. (2019), the drying technique introduced and
experimented with by Sandali et al. in 2018 utilizes a dolével tubular heat exchanger
with geothermal water, which enhances thermal performance. By employing this heat
exchanger, the drying process achieved temperatures ranging from a minimum of 46°C to a
maximum of 58°C.

In a studyby Martinez et al. (2018), they introduce the design of a coffee bean dryer
that utilizes geothermal energy in the Berlin Geothermal Field. In their study, they aimed to
address the limitations of traditional drying methods, wlaohoften affected by weather
conditions and long drying tinse

However, Prasetyo et al. (2018) specificalygagedyeothermal energy for drying
coffee, using a heat exchanger to harness energy from geothermal brine. A conventional
method for extracting geothermal energy, particularly at low temperatures, involves
circulating fluid through a pipeline connected to a heat exchanger.

Additionally, according to the study conducted by Prasetyo et al. (2018), drying
coffee using geothermal fluid is aptly applied at the research site bexfattsepotential of
commodities and the resources available. The coffee drying method used-isastad.

The geothermal drying system scheme uses a heat exchanger and hot water as working
fluid. Hot water with a temperatura 80°C flows in a closed loop system to heat the air
inside the drying apparatus. The coffee drying is done at &8@tCa water content of 60%

to 12% remaining iatotal time of 12.5 hours. The total energy used for drying is 32.65 kW.
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Prasetyoet al. (2018) stated that coffee processing takes a certain time and
temperature to get the right water content. To improve the drying process and the resulting
product, feeding require@ continuous heat supply. This can be reached by uaing
continuous energy resource supply such as geothermal fluid flows, as stated by Sumotarto
(2007). Harefa et al. (2022) claims that geothermal energy is perfect for the environment
because it produces the most negligible CO
impact, it has a stable and continuous heat source, less drying time, and does not depend on
the weather (Prasetyo et al., 2018).

Furthermore, designing a specific dryer must take considerations to achieve a good,
efficient, and effective working design. Some of these considerations include the product to
be driedthemoisture level that needs to be removed, weather conditionthaeduivalent
weight of the coffee beans, also considering the local conditions and its characteristics
(Gachen et al., 2020). In addition, heat exchanger is also part of the dryer construction
consideration, since most geothermal fluids are corrosive and scaling in nature, and cannot,
therefore be used directly (Njuguna, 2020).

According to the study conducted by Sumotarto (2007), the dryer used in the
research is made of a fluadr heat exchanger to produce hot air that will be blown into a
drying room filled with trays of grains or beans. The waste geothermalfftwic into a
bank of steel pipes, arttie air is blown outside the pipes to extract heat from geothermal
fluids inside the tubes for the drying process. The equipment does not use a drying belt to
save energy for moving the belt. Instead, the beans and grains egd pla trays in the
drying room. The only moving part is an air blower that can be designed to move by

geothermal energy (pressure), while its heat content is used for the heat exchanger. The air
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blower is placed on one side of the heat exchanger while the drying room is on the other
side. The drying duration depends on the original humidity of the products. By doing several
drying experiments, an ideal drying time can be found for which the product is perfectly
dried. The dryer is designed as simple to assist the technical feasibility of geothermal energy
direct utilization.If the drying is proven to be feasible, then the technology and design can
be improved while the scale can be increased to meet a commercial project.

Meanwhile, a study conducted by Maharjan, found that the tunnel and the conveyor
dryers can be adopted in different food processing industries for drying varieties of food like
vegetables, fruits, nuts, grains, etc. Apart from that it also has high yield production capacity
and can be controlled in a simple way by the temperature of the air. This can also be called a
continuous countercurrent tray dryer in which the air for drying products is heated using
geothermal water. Also, the air coming from the dryer is recirculated after condensing a part
of the moisture content. A stream of fresh air for drying mayused,if necessarypy
regulating the diaphragm. In this case, the temperature and humidity of the drying air are
independent of atmospheric conditions.

Moreover, in a study by Hendrarsakti et al. (2019), a coffee bean dryer simulator is
designed using geothermal energy, where the geothermal heat source energy in steam or
water (brine) is transferred to fresh water. Then the heat of fresh water is transferred through
a heat exchanger to air which is blown to the coffee bean using a fan. The heat exchanger

built was a compact one with the former type of flat plate finned pipe.

Sumotarto et al. (2019) claimed that the utilization of geothermal resources in
cascade levels is a constant operation of geothermal heat by integrating different

technologies for electricity generation, distribution, and use of thermal energy, drying and
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dehydration processes, recreational use, and any direct use of geothermal heat. The heat
from geothermal hot springs, however, tive Batukuwung area can be flown throutite

metallic pipe and utilized thieeatto flow through air in the drying room. Heat energy from
geothermal resources can be used directly as well as indirectly. Heat transfer in heat
exchanger tools can be utilized througk metal medium. This heat transfer can tpkece

in severalways.

(A) (B)

Figure 4. (A) Drying Chamber without Insulation, (B) Skeletal Structure of the Drying Chamber
(Cafada, 2017)
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The drying chamber used is composed of copper tubes and two trays. Thetulmggper
will serve as a heat exchanger to produce hot air to dry agricultural products. The casing of the
chamber is made of plain steel sheet. It is then covered withudatingo prevent heat lossoT
reduce hat loss in the drying chambeqofing insulation was used. It was located between the

drying casing antheouter casing (Cafiada, 2017).

(A) (B)

Figure 5. (A) Inside View of the Dehydrator, (B) Outside View of the Dehydrator (Alderite
et.al., 2022)

The design of the dehydrator was basedttter e s e ar ¢ h e rpass similad e a s
projects that also used geothermal water as its source. The project output has a stggke box
shape with a drawer like a door to which the tray for the chili peppers was attached. For the
fitting, angle bars were used. The casing of the dehydrator was made of marine plywood. The
frame and the marine plywood are connected with screws. The frame which was made of angle
bars was drilled to fit the screws. Copper tubes were used as thextiegaigerpne inlet and
one outlet were only present in the incubator. The insulating foam was also installed inside the

dehydrator (Alderite et.al., 2022)
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CHAPTER 4
RESEARCH METHODOLOGY

4.1 Research Design

This study uses an Experimental Research Design and a Quantitative Approach to
examine the viability and efficacy of using geothermal heat to dry coffee beans in the
agricultural setting of Baslay, Dauin. The quantitative method evaluates the effect of
geothermal heat on the effectiveness of the coffee drying process by methodically
measuring and analyzing variables including temperature and drying rates. The experimental
research strategy consists of controlled studies in which various parameters are methodically
modified to see how they affect the drying results.

The study aims to contribute significantly to the field of coffee bean drying processing
technology as well as sustainable agricultural practices in geoth@imadgions such as Baslay,
Dauin, by using this methodological framework to provide qualitative proof and quantitative
insights into the potential benefits and challenges associated with integrating geothermal heat into

coffee bean drying practices.

4.2 Survey Design

In this study, the survey questionnaire is designed to ev#haaatfectiveness and quality
of the coffee bean dryer. The primary objective of this survey questionnaire is to assess the
performance of the dryer, its acceptability among the members of BASHACO in terms of the
drying process and the quality of its design and fabrication. Two sets of questionnaires will be
made for this purpose. The first set is intended for the membBASHMACO andwill consist of
five questions focusing on the level oteptability among these members, specifically in terms of

its performance in the drying process. The second set of questionnaires is intended for NORSU
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University Engineerés Office members includi
Industrial Technology, including the mechanical and electronics instructors. The questionnaire
will consist of 7 questions that will aim to evaluate the efficiency, design, and fabrication of the

dryer.

The two sets of questionnaires will have the same section where demographic data like
age and gender will be gathered for authenticity and legitimacy. Set one survey questionnaire will
beratedusingafvypoi nt scale from O6Unacceptabled to
set two questionnaires wild/l be rated with a
gathered will be kept secure and will be used solely for research purposes only.

4.3 Flow of the Study

Site Visit

Hot Spring Coffee Bean Farm
Location \ y,

Secure Permits/
Area Assessment Approval Letters
\

A

Design and Fabrication
of Dryer

Installation of the
T @

No

Testing

Yes

Data Analysis and
Results

Figure 6. The process flow of the study
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This study arises from a combination of innovative technologies, renewable energy, and
sustainable agriculture within the coffee processing industry. Baslay, Dauin, located in an area
rich in geothermal energy, presents a singular chance to investigate and utilize geothermal heat
as a substitute energy source for coffee bean drying. Geothermal energy offers an effective
sourcethat has the potential to lessen the environmental impact of conventional drying
technologies by providing a consistent heat source for the drying process.

In conducting this study, the researchers undergo site visits first on both rainy and
sunny daysThese involved assessing the hot spring located in Baslay, Dauin and evaluating
the geot her mal waterds temperatur e, Its pH
researchers also visited the coffee bean farm and talked to the chairman to ensure the
researchersould purchase fresh coffee beans. Securing permits and approvals is important
to carry out the research experiment.

However, it is critical to investigate the engineering and design principles for using
geothermal heat in a coffee bean drying system. After assessing the area, the researchers
designed a coffee bean dryer that utilizes geothermal fluid. Aiming to establish ideal
parameters for geothermal based drying and drying parameters should be considered when
designing a dryeto select the appropriate materials while being able to take the temperature
and drying time of coffee beans into account. When designing the dryer, it's crucial for
researchers to factor in the moisture content of the coffee beans.

Install the coffee bean dryer after the fabrication considering the design
requirements. Following that, the researchers then proceeded with the drying process and
testing. After 3 consecutive trials, fortunatetiie researchers were able to gather data,

analyze the results, and assesdithrey effediveness.
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Upon completion of this study, the researchers aim to offer recommendations and
guidelines thatconsider technological and other relevant factors when implementing

geothermal heat in coffee bean drying systems.

4.4 Period of the Staly

;2::3;3_"?:{ February 12 Fit;;::;ylzs March 2, March 5, March 3 - 24,
2024 - 18,2024 2024 2024 2024 2024

Water Content

g Designing of Fabrication of » - of Geothermal Test Dryer/

Site Visit the Dryer the Dryer Install to Site Fluid Gather Data
Analyzed at

MDW
__________ O...................O......_____________O__.................O...................O...................O...________.

Figure 7. A diagram showing the period of the study

During the period from January 31 to February 11, 2024, researchers conducted site
visits on both rainy and sunny days to assess various factors crucial for their study. These
visits involved evaluating the temperature of the geothermal source intended for coffee bean
drying, andthe pH level of the fluid, as well as assessing the accessibility of the area.

In addition, the researchers visited the coffee bean farm in Baslay, Dauin, to ensure
that the coffee beans were available and could be purchased in March. The researchers also
wrote to the City Mayorthe barangay captain, antthe chairman of BASHACO; these
letters were processed and signed to ensure that the project study was conducted with the
permission and support of these important officials.

After the site visit, the researchers were able to identify some important dryer design
considerations. The dryer was designed from February 12 to February 18, 2024. After a

thorough assessment, the dryer's design was enhanced to He#faxiste. From February
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18 to 28, the researchers took time to canvas and look for the right materials and equipment
for the dryer fabrication. Once the materials were finalized and purchased, the fabrication
started. In a short span of time, the fabrication happened from February 28 to N2&2h 1

The researchers were in a hurry to complete the fabrication due to the decreasing
availability of coffee beans in Baslay, Dauin. Farmers explained that the harvesting season
came earlier than expected because of climate change, which also caused it to end earlier.
On March 2, the researchers installed the dryer at Baslay, Dauin. The coffee bean dryer was
relocated to the upper part of the terrain in Baslay because the geothermal fluid flow in the
lower part is not strong enough for the fluid to flow in our inlet pipes. After the installment,
the researchers conducted a series of tests from March 3 to March 24, 2024.
4.5 Site Selection

To ensure the reliability and validity of the research study, the researchers chose a
site that was compatible and relevant to it.

Baslay, Dauin An Ideal Research Site

(O)Baslay Hot Spring

Baslay Highland et e,
Brew Coffee v

-
.

Baslay Farmers @@
Association (BFA)
ubig creek S

Baslay, Dauin\@
Multi-Purpose Hall

Figure 8. A map locating Baslay Hot Spring and Coffee Farm in Dauin.
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Baslay is a barangay in the Municipality of Dauin the Province of Negros
Oriental, has a geothermal manifestation that is advantageous to use as a heat source for
drying, with a measured temperature of 63°C. Baslay, which is also well known for its
superior coffee bean farming, will certainly help the researchers in conducting this study.
These resources show that Baslay, Dauin is an ideal location for this kind of research, owing
to the assistance of coffee beans farmed by farmers and renewable geothermal energy.

Site Evaluation Procedures

During site visits, the researchers assess the possible area for conducting the
experiment. It includes measuring the temperature of the hot spring, evaluating pH levels,
and identifying whether the area is accessible. These procedures determine the suitability of

the area as the research site.

oo s ,,-_:',,' ;'tn‘jﬂ',' &5 ot
Figure 9. Geothermal Hot Spring in Baslay, Dauin
Moreover, the researchers conducted interviews and observations during the farm

visit to gather relevant information to be considered in designing and fabricating the coffee
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bean dryer. It includes assessing the moisture content, drying time, temperature, method of
drying, and coffee bean variety.
Availability of Coffee Beans

Since it isharvestingseason, there is a supply of coffee beans at the plantation
located in Baslay, Dauin. Coordination with BASHACO enables researchers to purchase

coffee beans that are already peeled off their skin and ready to be dried.

4.6 Variables and Measurement

Several variables can be identified along with corresponding measurements in this
study, where the objectives involve designing a portable coffee bean dryer using geothermal
heat and drying coffee beans at a specific temperature. These factors are essential for

evaluating the impact and efficiency of the drying system based on geothermal energy.

Geothermal hot spring in Baslay, Dauin as one of the independent variables,

researchers need to measure specifically its temperature which requires specialized tools
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designed to withstand high temperatures and provide accurate readings. In terms of the
design specifications of the coffee bean dryer, measurements and records are made of the
materials used, and other relevant factors during the design and building phases.
Additionally, the quantity of coffee bean varieties will be considered. The transfer of heat
from the pipes connected into the heat source to the copper tubes as heat exchanger inside
the dryer needs to be determined. Also, the exhaust temperatures of the dryer. The specific
types and features of the coffee bean, including its weight before and altersitand

moisture content will be observed and measured.

However, as for the dependent variables, these are the drying times in hours or days
required to achieve the desired moisture content in coffee beans. Further monitor and record
the drying temperature inside the oven. Regarding the local conditions and characteristics,
the ambient temperature of the study area in Baslay, Dauin, is a critical factor influencing
the drying process. It can be assessed by constantly checking in during the study period.
Besides temperature, relative humidity plays a significant role in the drying process. It
affects the moisture content of the bean and the efficiency of the drying system.

This research uses a survey questionnaire to collect information about important
aspects of designing and fabricating a coffee bean dryemtestgeothermal heat. The
surveywasmade to check how well the dryer works and its ability to consistently dry coffee
beans over 29 hours and measure the level of acceptability of the dried coffee beans
produced. The survey has different parts to gather important details from participants.
Below are the important details the researchers are looking at and how it is measured.

I n this case, the independent variabl e

This variable focuses on evaluating the performance, efficiency and design of the coffee
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bean dryer. The respondents will be asked
feedback about the overall design, durability, and efficiency of the coffee bean dryer. The
dependent wvariable is the ALevel of Accept s
objective of this variable is to assess the level of acceptability of the respondents of the
drying time and coffee beans after undergoing the drying process using the coffee bean
dryer.Regarding the controlled variables, the researchers collected the age and gender of

the respondents.

The researchers made a questionnaire answerable from "Not Acceptable” to
"Complete Acceptable.” This method allows the researchers to assess the respondents’
acceptance of our dryer in terms of its drying ability and drying time.

For the respondents to have a clear understanding and legitimate feedback, the
researchers showed and explained the dried coffee beans and dryer to them. The researchers
analyzed their feedback and kept it safe because this feedback is important for the
researchers to be able to give recommendations and conclusions.

4.7 Design Requirements and Consideration

Regarding design requirements and considerations, the researchers mainly focused
on some aspects, such as temperature control and air vents. The researchers ensured the
dryer would meet the recommended temperature for drying coffee beans, about 45 to 50
degrees. The researchers finalized these considerations because previous research stated,
fiCase Hardening may occur if it exceeds 50 degrees wherethc oul d damage cof
(Hendrarsakti et.al., 2019).

The goal of the coffee bean dryer mainly focuses on mass reduction. It is important

to notice the mass reduction caused by drying coffee beans along with the moisture content.
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Also, an airway or air vent was considered to promote uniform drying and prevent moisture
accumulation in some parts.

Lastly, a very important consideration is that the dryer should be easy to carry,
compact, and easy to transport with a removable platform and removable stand for easy
placement or relocation. Selecting quality materials thatcasteffective, but durable

pr omot e s s dfféctevendss gne affidiency.

(A) (B)

Figure 11.(A) Open Dryer Front Isometric View, (B) Closed Dryer Front Isometric View

30



%

Figure 12.(A) Open Dryer Rear Isometric View, (B) Closed Dryer Rear Isometric View

(B)

52.40 cm
4 §2.40 cm
42 60 cm 9.80 em 7 i
rd ra P 38.30 cm P
R —% .
§ a 0 E o @ 0 e g
8 2 g
g N A ° ° o
2 = 8 5\ N\
] o, 4 ﬁ\
E
[£]
: :
2 8
™
%
53.40 cm
J 53.40 cm ) e e
(A) (B)

Figure 13.(A) Front view of the proposed coffee bean dryer, (B) Rear view of the proposed
coffee bean dryer
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Figure 14. (A) Top view of the proposed coffee bean dryer, (B) Top view section of the
proposed coffee bean dryer
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Figure 15. (A) Front view section of the proposed coffee bean dryer, (B) Left side view
section of the proposed coffee bean dryer
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4.8 Materials and Equipment

The development ofhe coffee bean dryer utilizing geothermal hot spring energy
requires precise selection of materials and equipment to ensure effective heat capture and
transfer. The researchers utilized the following materials and equipment to advance their

research in constructing a coffee bean dryer powered by geothermal hot spring energy.

Table 1. A table showing the materials and equipment used in this research.

lllustration Materials/Equipment Function
- g
’ These pipes transport t
£ BLACK . geothermal fluid to th
w Hot and ColdMultiplex Pipe| copper heat exchang

ek B tubes.

The purpose of this pip
insulation foam is t(
Pipe Insulation Foam [reduce heat loss arf
maintain the heat bein
transferred.

Female pipe fittings secu
and avoid leakage froy
Pipe Fittings both  connections b
connecting the pipe and t}
copper tubes.

The copper tubes a
formed into seven loops 1
Copper Tubes serve as a heat exchang
transferring heat within th
dryer.
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Insulation Foam

Insulation foam maintain
the dryers inside overn
temperature consistent a
reduces heat loss.

Aluminum Tray

The aluminum tray is usg
as the heatonductive
surface, which helps th
coffee beans be spread ¢
evenly.

Heat Resistant Spray Pain

The heatresistant spra
protects against  hig
temperatures and prever
corrosion.

OvenThermometer

The oven thermometer in
coffee bean drye
accurately measures a
monitors  the interng
temperature

Weighing Scale

A weighing scale provide
an accurate way t
measure an object's ma
or weight.
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Digital Thermometer

A digital thermometer wil
monitor the geotherma
fluid's temperature at th
source and at the upper &
lower outlets.

Gas Detector

A gas detector will be usg
to ensure that no harmf
gases can harm thg
researchers.

pH meter

A pH meter will be used t
check the pH of th
geothermal fluid
measuring its acidity an
alkalinity.

4.9 Fabrication of the Dryer

Fabricating the coffee bean dryer involves various steps, such as designing,

assembling, and constructing the equipment. Design specifications and factors are required

and considered in creating the dryer, along with selecting materials thaeffeativeness

and durability standards. The steps involved in fabricating the dryer are as follows:

1. Make the interior drying chamber using stainless steel and drill small circles at the

side of this chamber, it will serve as an air vent to allow proper airflow.

2. Add another protective exterior to prevent water from getting inside the dryer; this is

to balance air flow and heat loss.
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3. In constructing the -foop heat exchanger positioned at the top and bottom of the
dryer, 12 copper tubes of the same length, 26.5 cm, and four copper tubes, 29.5 cm
long, were cut for the dryer's inlets and outlets.

4. Weld the cut copper tubes with an elbow to form a loop. Ensure it fits in the dryer.

5. Attach the insulation foam to reduce heat loss and maintain a consistent temperature
within the dryer.

6. Trim the aluminum screen to create a tray where the coffee beans are spread out.
Also, put a frame on it to guarantee it is stable and can endure the beans' weight.

7. Attach an angle bracket to support the tray within the dryer.

8. Dirill a hole in the inlets and outlets of the dryer.

9. Create an eastp-carry plywood platform with a detachable stand to place the coffee
bean dryer on. This will help place the dryer on a sturdy surface.

10. Spray heatesistant paint on its interior to protect from corrosion and the exterior to
make it look presentable and to cover any rust.

11.Check each component for proper assembly, alignment, and functionality to ensure
the overall readiness of the dryer.

A comprehensive inspection is conducted befostallation at the research site to
ensure the dryer is fully prepared for use. Each step in the fabrication process is performed
carefully and pays attention to every detail, resulting in a thoroughly inspected andaeady

use dryer.
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Figure 17.Application of the Insulation Foam and Aluminum Tray

4.10 Installation of the Dryer

After fabrication, the coffee bean dryer was installed at the assessed research site.
During installation, it was necessary to ensure that the ergeiplaced on a sturdy surface
and safe area that could support its weight, particularly during the drying process. Also, to
secure the dryer, it was positioned in an elevated area where the equipment is accessible to

the geothermal water flow.
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. ‘Fiur 18. Install‘a‘tidn' of the fabricated coffee bean dryer
Furthermore, the researchers connected the insulated pipes from the source to the
coffee bean dryer, ensuring the water #alyproperly Pipes are insulated to reduce heat
loss and maintain consistent temperatures within the piping system. The final setup of the
fabricated coffee bean dryer ensures all portions are securely connected and properly
positioned, to effectively produce dried coffee beans that will achieve the moisture content
required. The research location was surrounded by caution tape aadesig inform the
locals and visitors that an experimevas underway. Also, &arpwas placed to notify the
people that the researchersdhaordinated and approved with the municipality mayor,

barangay officials, and BASHACO to proceed with the research experiment.
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Figure 19. Finl éeup of the fabricated coﬁ?é bén yer
4.11 Experimentation of the Study

In this study, the researchers conducted a series of trials to evaluate the performance
of the designed coffee bean dryer. The dryer was constructed to utilize geothermal heat from
the local hot spring in Baslay, Dauin, Negros Oriental, with a maximum temperature of 63
°C, making it an energgfficient solution for drying coffee beans. The experiment requires
a power source as well as a prototype.

The researchers carried out five (5) trials, in which the first two trials had different
specifications than the three consecutive trials. For the first trial, the researchers had a
continuous mixing process at twmur intervals on three occasions, followed by a resting
period of 15 hours, and were remixed every 3 hours twice, and ultimately an hour twice
during the second day, for 29 hours. The second trial resulted in an unsuccessful test due to
bad weather conditions and a complete closure lasting for 29 hours. Overnight, heavy
rainfall caused a malfunction in the pipeline that disrupted operations. The remaining three

consecutive trials have the exact specifications in all aspects.
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The following procedure was followed step by step during the experiment for the
three consecutive trials:

1. Set up the coffee bean dryer near the geothermal source, ensuring a safe distance to
avoid potential hazards.

2. Connect the pipes from the geothermal source to the coffee bean dryer and preheat
the dryer for one hour.

3. Prepare the coffee beans, ensuring they are clean arfcbiredebris.

4. Place the coffee beans within the dryer, evenly spreading across the drying tray to
ensure uniform exposure to heat.

5. Place the oven thermometer inside the coffee bean dryer to monitor the temperature
at various points.

6. Frequently monitor the flow of the geothermal water to ensure continuous running
water and maintain optimal drying conditions.

7. After 5 hours, mix the coffee beans and put them back inside the dryer to continue
the drying process.

8. The drying process continued until the coffee beans reached a target of 29 hours,

suitable for storage and roasting.
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CHAPTER 5
RESULTS AND DISCUSSION

5.1 Geothermal Water Characterization

The properties of geothermal water from the Baslay, Dauin hot spring, serving as the
heat source, are examined to assess their suitability for utilization in Metro Dumaguete
Water Laboratory.

Table 2.PhysiceChemical Analysis Result of the Geothermal Fluid in Baslay, Dauin

Parameter Method Result Units of
Measurement
pH pH Meter 3.3
Total Dissolved Gravimetry 2,420 mg/L
Solids
Acidity Titration Method 580 As mg Ca
Alkalinity Titration Method | Beyond Detection As mg Ca
Range

Chloride Argentometry 5.0 mg/L
Practical Salinity Electrical 2.60 Practical Salinity

Conductivity Unit

Sulfate Nephelometry 384 mg/L

Sample Description: Surface Water

Sample No./Location: 04Baslay, Dauin, Negros Oriental
Date and Time of Sampling: March 05, 20234:50 AM
Date and Time Received: March 05, 2024.:43 AM

Date Analyzed: March 0511, 2024

Sampling Point: Spring

Source of Sample: Spring, Untreated
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5.2 Specifications of the Coffee Bean Dryer

The coffee bean dryer necessitates specific design specifications, including precise
temperature regulation during the drying phase to prevestdrying or underying of
beans. It is crucial to monitor the mass reduction resulting from coffee drying, along with
moisture content. Additionally, an efficient air vent is essential to ensure uniform drying and
prevent moisture accumulation in some areas. The dryer's design should prioritize
compactness and ease of transport, considering both its length and height for convenient
observation. Material selection should prioritize suitability, durability, and - cost

effectiveness to enhance the dryer's longevity.

(A) (B)

Figure 20.(A) Front Elevation of the Fabricated Coffee Bean Dryer, (B) Rear Elevation of
the Fabricated Coffee Bean Dryer
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(A)

Figure 21.(A) A closelook of the Fabricated Coffee Bean Dryer, (B) Aluminum tray of the
Fabricated Coffee Bean Dryer

Figure 22.Left and Right Elevation of the Fabricated Coffee Bean Dryer

After one month of operation, observable corrosion has begun to manifestcoffele
bean dryer and the copper tubes. This corrosion is attributed to the various dissolved substances
and other minerals. The presence of sulfides, especially hydrogen sulf#)e iHa common
cause of corrosion in materials. When these fluids come into direct contact with the oven and
copper tubes, this can initiate corrosion processes, leading to the deterioration of the metal

surface over time as clearly shown in the picture above.
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5.3 Costs of the Fabrication

The following materials shown in the table are used to fabricate the coffee bean

dryer. The researchers ensured the dryer would beetfestive, reliable, and efficient

while utilizing geothermal heat.

Table 3.Costs of the materials used in fabrication

Quantity Unit Material Description Unit Price Total Price
1x1 Meter Aluminum Screen Php 200.00 Php 200.00
8 Meter ¥ Unitec Pipe Php 246.00 Php 1968.00
14 Feet | 0 Copper T Php 78.00 Php 1,092.00
4 Length Rubber Insulation Php122.00/lengthh Php 488.00
(L=6.7 feet) Jox1 o
2 Pieces Copper Female Socket Php 259.00 Php 518.00
Fitting 20
2 Pieces FI are Uni Php 91.50 Php 183.00
2 Pieces FI are Nut Php 80.00 Php 160.00
28 Pieces Copper Tube Php 22.50 Php 62.00
1 Piece Reducer IJ Php 109.00 Php 109.00
1 Bottle 300 mL Contact Bond Php 85.00 Php 85.00
1 Piece Heat Resistant Pylox Php 246.00 Php 246.00
Spray Paint Silver
4 Pieces Eveready Battery Php 105.00 Php 105.00
1 Piece Oven Thermometer Php 210.00 Php210.00
1 Piece Digital Weighing Scale Php 195.00 Php 195.00
1 Meter Insulation Foam Single Php 78.00 Php 78.00
10mm x 1m
Total Cost: Php 6,597.00
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5.4 Moisture Content Analysis

A moisture analyzer is an essential tool used to evaluate the moisture content of
coffee beans. Its major function entails weighing a sample of the coffee beans before and
after drying them using a controlled heating process. Given that they are made especially for
such applications, affersmeasurements that are highly precise and accurate.

Table 4. A table showing the data collected using the Moisture Analyzer

Trial Weight, g Time, min Moisture Content
1 1.355 8.24 3.98%
2 1.271 21.12 15.62%
3 1.114 10.06 5.54%
4 1.261 15.0 7.40%
5 1.321 11.12 6.44%

Figure 23. 1st trial:1.355 grams = 3.98%M = 08:24 min
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Figure 4.2nd trial: 1.271 grams = 15.62 % = 21.12 mins (FAILED)

Figure 25.3rd trial: 1.123 grams = 5.54 %M = 10:06 min
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Figure 26.4th trial: 1.261 grams = 7.40 % = 15.0 mins

Figure 27.5th trial= 1.321 grams= 6.44 % = 11.12 mins

To find out if the required moisture content was reached, it is crucial to calculate the

moisture content of the dried coffee beans.
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Trial 1

Table 5. Trial No.1 Findings (March-3, 2024)

Time (In & Out) Weight, g Time, hr
10:00 am 500 0
10:33 am12:33 pm 459 2
12:43 pm2:43 pm 424 2
2:51 pm 4:51 pm 402 2
5:00 pm 8:00 am 297 15
8:20 am 11:20 am 280 3
11:35 am 2:35 pm 267 3
2:45 pm 3:45 pm 265 1
3:50 pm 4:50 pm 263 1
Total Time 29

Table 6.Trial No. 1 Temperature Findings with the Specific Time

Time (In & Out)

Temperature, C

Source Upper Lower | Ambient Oven
Outlet Outlet
10:00 am 61 60 61 23 45
5:00pm- 8:00 am 60 59 60 23 50
8:20 am 11:20 am| 61.5 61 61 23 49
2:45 pm 3:45 pm 61 61 61 23 45
3:50 pm 4:50 pm 61 61 61 23 45
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Solving for the Moisture Content (After Drying)

wQQA ¢ i v QX
WwQQA ¢ 462 26R
WwQQA ¢i 199

% >d F < 49.520661%

D€ Q DEIER——
T

0 € Q DEI=®

0 € Qi DEII=®5.71%

{)\ . "f

Figure 28. The container has a weight of 50 grams, and the researchers have opted to dry
500 grams of coffee beans per tr{gflarch 3,10:00 AM)
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Figure 29. The weight of the coffee beans was recorded as havi
grams to 424 gram®larch 3,12:33 PM)

Figure 30.The coffee beans were weighed and observed to have decreased from 424 grams
to 402 gramsNlarch 3,2:43 PM)
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Figure 31.The coffee beans unrwenweighing, revealing a reduction in weight from 402

grams to 297 grams. (4:%IM)

Trial 2

Table 7. Trial No.2 Findings (March-Q0, 2024)

Temperature, C

Time (In & Out) Weight, | Time,
Source | Upper | Lower | Ambient | Oven 9 hr
Outlet | Outlet
11:20 am4:20pm 63 62 62 18 45 303 29

Table 8 shows that due to inclement weatbenditions with prolonged overcast

skies and complete closure lasting for 29 hours, resulted in an unsuccessful testing. The
pipeline experienced a malfunction due to heavy rainfall overnight, leading to operational
disruption. This failure is evidenced by the decrease in weight from 500 grams to 303

grams, indicating an unsuccessful testing phase.
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Solving for the Moisture Content (After Drying)

Given:

wQQA ¢ i v QX
WwQQA ¢i 46 30
WwQQA ¢i 162

%rrd+ < qmrme—— I III.rI T

% > d =|= 4’..%.—III
% >d & < qg.pm84.40%

% JJ a R

o i.OO%- 84.40%
%JJ |

= §5.60%

1 E BA\A/
D€ Qi DOEI=R m |

m | I<||-rl>ﬂ'>-ilf
6 ¢ 0 deiie—l-
0 € Qi OEI=T7.41%

Trial 3
Table 8. Trial No.3 Findings (March 187, 2024)

Temperature, C
Time (In & Out) Weight, | Time,

Source | Upper | Lower [ Ambient [ Oven
Outlet | Outlet

9:55 am3:00 pm 61 60 61 22 46 262 29

The coffee bean dryer was preheated for one hour prior to the insertion of the coffee
beans and the table shows that subsequently, after five hours of drying, the beans underwent
a brief mixing period of five minutes before being reinserted into the dryer for continued

processing. This process resulted in a reduction in weight from 500 grams to 262 grams.

52



Sl S : -

(LA
G

°"?L‘.

e
N
et

I el 5
% > d =|= | q-.ﬂr.S—lll
% >d & < 4.9294.46%

%d -

AATL "R PP @
%d -

AAIE "R PR Y

c:
™M=
@)

0 € Qi QJGEIFQ—IIB—

0 € Qi D&ii=92.83%

53



Trial 4
Table 9. Trial No.4 Findings (March 189, 2024)

Temperature, C
Time (In & Out) Weight, | Time,

Source | Upper | Lower | Ambient | Oven 9 hr
Outlet | Outlet

9:25 am2:30 pm 61 61 61 22 a7 265 29

On March 15th, the researchers acquired a total okilo§rams of coffee beans
after harvesting. Following this, on March 16th, a batch comprising 500 grams of beans was
selected for immediate drying, while the rest of the beans were stored in refrigeration for
subsequent drying scheduled on March 18th. It is worth noting that on this day, the coffee
beans underwent a washing process using water due to the emission of an unpleasant odor.

Postdrying, the weight of the beans decreased from the initial 500 grams to 265 grams.

;-"‘ ¢ e & i \ .

igure 33.Dried Coffee Beans from 500 grms& to 265 grams.
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Solving for the Moisture Content (After Drying)

Given:

wQQA ¢ i v QX
WwQQA ¢ 440 268
WwQQ ¢ i 182

% > d =|= <dg _% s b
%r»d$ <q‘.sf_8—l
Y%rrdF<egrm277%

w s e~ AN s e =g ] e
0 & Qi DEI=D— rw [avy

-
T | el Jr - < Fn=

6 ¢ Qi dgize— -

0 € Qi OEII=®0.47%

Trial 5
Table 10. Trial No.5 Findings (March 224, 2024)

Temperature, C
Time (In & Out) Weight, | Time,

Source | Upper | Lower | Ambient | Oven
Outlet | Outlet

11:20 am4:25 pm 62 61 61 24 46 238 29

The dryer was preheated for one hdafore the insertion of the coffee beans.
Subsequently, following a fivhour drying period, the beans underwent a brief mixing
interval of five minutes before being reinserted into the dryer for continued processing. As a

result of this processing, the initial weight of 500 grams decreased to 238 grams.
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Figure 34.Dried Coffee

Beans from 500 grams to 238 grarﬁs
Solving for the Moisture Content (After Drying)
Given 1

T
T

wQQA ¢ i v QX
WwQQA ¢i 400 238
WQQW £i 168

o A
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5.5 Moisture Content (After Drying)

Table 11.A table illustrating the collected and analyzed data based on the Moisture Content
(After Drying)

% Dry Matter % Moisture
Trial (Final) Content (After % Moisture Loss
Drying)
1 95.98 4.02 94.89
2 84.40 15.60 77.4
3 94.46 5.53 92.83
4 92.77 7.23 90.47
5 93.43 6.57 91.40

The researchers used a moisture analyzer and a formula to assess the moisture
content of coffee beans. The moisture analyzer provides a more accurate and precise
method, while the formula offers a manual approach. Both methods yielded similar results,

but the moisture analyzer's results were more accurate.

5.6 Flow Rate

The researchers used a 1000 mL measuring cup to measure the flow rate by timing
the wateffilling from the upper and lower outlets, making it easy to measure the flow rate.
Solving for Flow Rate (Upper Outlet)
Given:Volume = 1000 mL

Time = 22.39 seconds

Flow Rate
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1000 08 00 03
289

Flow Rate

0® 1
289

Flow Rate

Flow Rate 0® 0 0 0 4n¥s6060.0446 L/s
Solving for Flow Rate (Lower Outlet)
Given:Volume = 1000 mL

Time = 18. 7 seconds

Flow Rate

1000 08 00 03
19

Flow Rate

Flow Rate

Flow Rate 0® 0 0 0 5n¥s40i70.05347 L/s
5.7 Heat Transfer Rate of the Copper Tubes

This study calculates energy transfer when the dryer operates with-staseljeat
flow. The heat flow is determined bgalculation The air outside the heat exchanger is
assumed to flow convectively into the dryer from the geothermal source through the loops
of copper tubes.

The heat transfer process involves both conduction and convection. Through

conduction, the geothermal water transfers its heat into the clyfgesinside walls.

=
»—\lmn—\

However, the movement of water within the tubes involves convective heat transfer.

The vent in the dryer helps reduce humidity by allowing moist air to escape, ensuring that
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the drying process is efficient. In this case, the heat from the copper tubes is transferred to
the air inside the dryer by convection and this heated air helps to dry the coffee beans. The

moisture from the beans is then evaporated into the air.

Whereq: = rate of heat transfer (W)
r = pipe radius (m)
L = copper tube length (m)
T = temperature (K)
k = thermal conductivity (W/AK)
h = convection heat transfer coefficient (V#/K)

Given:
Y =638+273.15=336.15K
"Y = 48K+273.15=321.15K

i,= 0.00635m
i,=0.014m
0= 2.18m
& 400 W/mK
1:50W/n'?-K
,= 25 W/n?-K
qr 1 of 1
2 11 2 2 2 2
33865 32415
qf 1 0® 147080635 1
2 09063248 50 1 2 2 248 4007 2 0®14 248 257 2
16
qr 1 0906025167 1

43489067 154B87588 4994070B89

¢ 349363291
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The calculated rate of heat transfer from the source into the copper tubes is
o® wo @ o Wwwhich means that the geothermal water source in Baslay, Dauin, is

sufficient to dry the coffee beans.

5.8 Log Mean Temperature Difference
In this study, the average heat or energy produced within the loops of copper tubes is
determined using the log mean temperature difference method. This solves the nonlinear
temperature changes across the heat exchanger from the entrance to the exit.
YQETY "YE 0 OY

.. YQeTY
8'Ya 00Y

WY

where "Y' Q2 inlet temperature to the copper tube
“Y¢ o=mutlet temperature to the copper tube

“Y = average initial dryer temperature
“Y = average final drygemperature

e T@N & 04

WY - 0 DA L8R
6 BA 0B
WY =34.45°C

The calculated average heat proeld within the copper tubes3¢.45°C, which is a

sufficient temperature for drying coffee beans.
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5.9Calculation of Time

DRYING TIME

600

500 @

400 oo
=
S 300 0‘ .
:[:.:4 m".".--’ ® Weight (g)

--------- Linear (Weight (g))
200
100
0
0 10 15 20 2 30 3
TIME

Figure 35. Calculation of Drying Time
The figure above shows the calculation of time. This is shown to identify the exact
time at which we can achieve 13.5% moisture content. Hence, within the 29 hours of drying

coffee beans, thideal moisture content can be achieved between 21 and 24 hours.
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5.10 Regression Analysis

Table 12. Drying Time, Moisture Content and Weight of Sample

Weight, g Drying Time, hr Moisture Content * | Moisture Content **

500 0 0.4949348 97.99423916
459 2 0.449820044 81.75871155
424 4 0.404404245 67.89911481
402 6 0.371809453 59.18736828
297 21 0.149721886 17.60857806
280 24 0.098097857 10.87677393
267 27 0.054185019 5.728923711
265 28 0.047046792 4.936946755
263 29 0.0398 4.144969798

*wet basis

**dry basis

This table contains data results from what the researchers solved. It describes the

relationship between the three variabl es, S

and the amount of moisturemoved.

Table 13.Regression Analysis Summary Output

Regression Summary Values

Multiple R 0.998577765

R Square 0.997157554

Adjusted R Square 0.99675149

Standard Error 0.010912546

Observation 9
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This table presents the summary output of the regression analysis used to predict the
moisture content of coffee beans. Multiple R which has a value of 0.998577765 measures
the strength of the relationship between the observed and predicted values. R Square which
is 0.997157554 indicates how well the data fits the model. It means about 99.71% of the

variability content can be explained by the figure.

Independent Variable: x axis, Drying Time

Dependent Variable y axis, Moisture Content

EXPONENTIAL REGRESSION
0.6

0.5

0.4 y= 0.5671e0-083x

R*=0.9773
0.3

0.2

Moisture Content (wb)

0.1

0 3 6 9 12 15 18 21 24 27 30 33
Drying Time (hrs)

Figure 36.Exponential Regression
An exponential regression plot is used to show the relationship between the
dependent variable y which is the moisture content and the independent variable x which is
the drying time in hours. The blue line represents the observed values of moisture content,

however the predicted moisture content values of dried coffee beans as the red line.
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Therefore, the exponential curve indicates that the moisture content of the beans drops
exponentially with increasing drying time.

Table 14.Residual Output

Observation Observed Moisture | Predicted Moisture Residuals
Content * Content *
1 0.4949348 0.477177018 0.017757782
2 0.449820044 0.446187329 0.003632715
3 0.404404245 0.41519764 -0.010793395
4 0.371809453 0.384207951 -0.012398498
5 0.149721886 0.151785285 -0.002063399
6 0.098097857 0.105300751 -0.007202894
7 0.054185019 0.058816218 -0.004631199
8 0.047046792 0.043321374 0.003725419
9 0.0398 0.027826529 0.011973471
*wet basis

This table presents thanalyzed residual output. In this study, the residual
differentiates the observed and predicted values of the moisture content on a wet basis.
Observed values of moisture content are from the data gathered during the experiment;
meanwhile, predicted moisture content comes from regression analysis. It indicates a good
fit when the residual values are small and randomly distributed. However, large residuals
suggest that the model may not adequately capture the underlying relationship.

Hence, in this study, since the residual values are equivalent to zero, then the
predicted moisture content is the best fit based on the data observed in the experiment. The
ideal moisture content, 13.5%, of dried coffee beans from BASHACO is achieved after

drying for around 21 to 24 hours.
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5.11 Average Temperature Data

Table 15 Average temperature data of the source, inside the dryer, upper and lower

exhausts, and ambient in every trial

Exhaust, °C
Trial Source, °C | Dryer, °C Ambient, °C
Upper Lower
1 61 46 60 61 23
2 63 48 62 62 18
3 61 46 60 61 22
4 61 47 61 61 22
5 62 46 61 61 24
Average 62 47 61 61 22

This table presents the average temperature of the geothermal hot spring which
suggests that it is a good source for dryin
temperature shows the constant drying temperature achieved within the equipment.
Monitoring also the uppeaand lowerexhaust temperature of the dryer reveals that it has less
heat loss during the drying process, whitssideringthe ambient temperature as a factor
affecting the drying procedure throughout the experiment.

5.12 Research Respondents

A total of 47 respondents were able to answer the survey questionnaire. 35 of the
respondents are from Baslaiighlands Agriculture Cooperative (BASHACO), 6
respondents are engineers and architects fr
6 respondents are mechanical and electronic instructors from College of Industrial

Technology (CIT).
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Table 16.Summary ofFeedbackrom the respondents (Level of Acceptability)

No. 1 2 3 4 5
1 0 0 3 21 14
2 0 0 3 20 12
3 0 0 5 20 10
4 0 0 5 15 15
5 0 0 4 15 16

The researchers asked the respondents to evaluate their level of acceptance of this dryer.
Wheren6-Unacceptabl ed i s -Cdmpletely dAaeaepmiifie theshighestg and
rating. In table 16, a summary of feedback fromrthe s p o rpaing of viesv@re showrthis
analysisshows that the evaluated questions are genevallyreceived indicating a high level of
acceptability regarding the dryerés ability
course as well as its ability to dry the coffee beans. On the second set of questionnaires, the
researchers asked the respondents to assess the dryer and rate the dryer from "Excellent" to "Poor."
Each row represents a different survey instance, with counts of responses for each rating.

Table 17.Summary ofFeedback r om t he respondents (Engineer

No. Excellent Good Fair Poor
1 6 0 0 0
2 5 1 0 0
3 5 1 0 0
4 4 2 0 0
5 6 0 0 0
6 5 1 0 0
7 5 1 0 0
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I n table 17 shown above, most of the res
answered fAGoodo. Therefore, based on the f
design and fabrication of the dryer met its desirable design and fabrication. However, the

AGoodo responses i ndi dmaptoementhat t here i s stil

Table 18.Summary ofFeedbacKrom the respondents (CIT Instructors)

No. Excellent Good Fair Poor

1 3 3 0 0

2 3 3 0 0

3 4 2 0 0

4 4 2 0 0

5 3 3 0 0

6 3 3 0 0

7 2 4 0 0

I n table 18, the responses of O0Excel | ent
I ndi cates that the instructors have mixed o
The mixed opinions highlight that, al t hough

well-received, further enhancements could improve its overall design.

Therefore, the majority of at i ngs are either OExcel |l er
gener al satisfaction with the design and f a
most items exceed expectations. Note that the survey questionnaire is fAppeimdices

on pageoo.
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CHAPTER 6
CONCLUSION AND RECOMMENDATION

6.1 Conclusion

In this study, the researchers intended to examine the effectiveness of the designed
coffee bean dryer by drying coffee beans. Consequently, four out of five trials have
effectively dried the coffee beans, based on the data acquired. Take note that poor weather
was the primary reason why one trial failed. Disregarding the failed trial, the four trials
successfully dried the coffee beans, with a result of 3.98% in the first trial, 15.62% in the
second, 5.54% in the third, 7.40% in the fourth, and 6.44% in the last trial. The last three
consecutive trials used the same procedure for the drying process, which was 29 hours.

Therefore, the researchers concluded that the ideal moisture content of dried coffee
beans of BASHACO, which is 13.5%, is achieved after drying for around 21 to 24 hours.
Hence, the dryer is effective. The feedback received from respondents, shown in the
respondents' section, supports and justifies the effectiveness of the design and fabrication of
the dryer as well as the level of its acceptability among the respondents. The survey results
showed that most respondents are satisfied with the coffee bean dryer's design and
performance. However, areas for improvement, such as durability and scalability, exist.
6.2 Recommendations

The following outlines essential recommendations for enhancing the design and
operation of the coffee bean dryer: This section presents critical recommendations for
optimizing the coffee bean dry@mlesign and operatioMddressing factors such as drying
time, temperature control, and energy efficiency, the following suggestions are crucial to

improving the overall performance of the coffee bean dryer.
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The researchers recommend that a continuous mixing process be conducted for
every batch of the drying process. According to the data gathered, the coffee beans
that were mixed several times had a quicker reduction of moisture content in 29
hours. The findings support the recommendation of constant mixing to ensure faster,
uniform drying, and consistent moisture reduction of the coffee beans.

The researchers recommend using fresh, newly harvested coffee beans. They strictly
advise not refrigerating the coffee beans and refraining from washing them with
water before drying.

The researchers recommend that the dryer be secured in the upper portion to prevent
water from the geothermal fluid or rainwater from entering it.

The researchers recommend constructing a drying chamber and placing the coffee
bean dryer inside it so that sulfuric air will not directly contact the beans.

The researchers recommend utilizing geothermal heat sources and hybrid coffee
bean drying that uses solar to have a more efficientshoder drying time with

lower moisture content.

The researchers recommend designing and fabricating coffee bean dryers on a larger
scale. Utilizing dryers and heat exchangers of bigger sizes will achieve greater
scalability and production.

The researchers recommend designing a portable stand for the portable coffee bean
dryer that is easily removed or attached so that it can be easily relocated to another
location. This would help the researchers have a suitable location regarding

geothermal heat sources and terrain conditions.
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0 Lastly, the researchers recommend that it is best to use materials that do not easily
corrode. This enhances durability and efficiency, ensuring a longer operational life

span and reducing the need for replacements.
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Appendix A

Special Permit from the Municipal Mayor of Dauin, Negros Oriental to
Conduct the Research

T oy T g

Republic of the Philippines
Province of Negros Oriental
Municipality of Dauin

OFFICE OF THE MAYOR
Telephone No. (035) 527-9733
Email: lqudauin@yahoo.com

SPECIAL PERMIT

To Whom it May Concern:

Special Permit is hereby granted to the 4™ Year Students of Negros Oriental State
University (NORSU) taking up Bachelor of Science in Geothermal
Engineering represented by Ellyn Mae A. Bernaldez, Jessel A. Orito, Ronalyn Duhaylungsod
and Cheri Mae Tinguban, to conduct their study entitled “Design and Fabrication of Coffee
Bean Dryer Utilizing Geothermal Heat in Baslay, Dauin” per the attached letter request,
provided that the Research Advisor will supervise during the conduct of the activity and that they
shall coordinate with the Municipal LDRRM unit for assistance. Provided further that a copy of
the research study shall be fumished to this office in due course.

Violations on any of the above guidelines will be a ground for revocation of this permit
and implementation of penalties and other disciplinary actions.

ISSUED this 22%* day of January 2024 at Dauin, Negros Oriental, Philippines.

Amount Paid: P (6S.00
0.R. No. 180uo12

Date Paid: _((22]2/
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Appendix B

Permission Letter to the Municipal Mayor of Dauin, Negros Oriental to
Conduct the Research

R.A. 9299 Repyblic of the Philippines June 25, 2004
NEGROS ORIENTAL STATE UNIVERSITY /y
) NOHS (1907) I NOTS (1927) I EVSAT (1956) I CVPC (1983)
Kagawasan Ave., Dumaguete City, Negros Orieatal, Philippines 6200
COLLEGE OF ENGINEERING AND ARCHITECTURE
Main Campus JI. Bajumpandan, Dumagucte City 6200

January 11, 2023

HON. (‘ALICANO A.TRUITA
Municipal May or .
Dauin, Negros Oriental

Sir:
Greetings!

We, the 4th year students taking up Bachelor of Science in Geothermal Engineering of Negros Oricnal State
University would like to ask permission to conduct our study cntitied “Design and Flbrltaﬂu of Coffee Bean
Dryer Utilizing Geothermal Heat in Baslay, Dauin™. The purpose of the study is to design and fabricate a Coffee
Bean Dryer that is feasible, efficient, and cost-cffective. Also, the rescarchers aim that the study would help the
cooperative/community in drying coffee faster, easier, and more efficiently while utilizing the geothermal resource
in the locality. Rest assured that our rescarch activities will not disrupt the location site and that we will adhere to all
safety and security protocols mandated by the area. L
e 7

Here are the specific activitics we intend to Jo in the area:

. Visit the site in Baslay. Dauin Hot Spring on January 22, 2024, Monday at 7:00 am to check the parameters
including the pH, iemperature, and accessibility of the area.

2. Visit the Coffee farm to determine the moisture content of the cotfee bean and the type/varicty of cuﬂ')a ¢
they have on January 22, 2024, Monday at 1:00 pm. N

3. Instali the prototype designed Coftec Bean Dryer to the site located at Baslay, Dauin Hov Spring on March

24, 2024, Sunday at 7:00 am. l
4. Visit the arca once the fabricated Coffee Bean Dryer is installed 1o monitor moisture content of the coffee f
beans on March 25 -28, Monday to Thursday at 7:00 am. L

We would be happy to speak with you in person and provide you with further information about our project study.
Thank you and more power!

ELLYN MA%ALDEZ JESSE%LORITO

Rescarcher Rescarcher

1639559446426bcrmaldez cllynmac.a@ gmail.com 4639927217863 orito.jessel.a@gmail.com
RONALYN|[BYDUHAYLUNGSOD C HER:MTINGUBAN

Researcher Rescarcher

+639076002 198dubaylungsod ronalyn b gmail.com +639066574550 tinguban.cherunac e@gmail com
Noted by:

L&.

Dean, College of Enghincering and Architecrure




Permission Letter to the Barangay Captain of Baslay, Dauin to Conduct the Research

R.A. 9299 Republic of the Philippines June 25, 2004

NEGROS ORIENTAL STATE UNIVERSITY /s
NOHS (1907) I NOTS (1927) I EVSAT (1956) I CVPC (1983) 3
Kagawasan Ave., Dumaguete City, Negros Oriental, Philippines 6200 |2

COLLEGE OF ENGINEERING AND ARCHITECTURE (
Main Campus II, Bajumpandan, Dumaguete City 6200 3

January 11, 2023

HON. FELIX DAYOT
Barangay Captain
Baslay, Dauin, Negros Oriental

Sir:
Greetings!

We, the 4th year students taking up Bachelor of Science in Geothermal Engineering of Negros Oriental State
University would like to ask permission to conduct our study entitled “Design and Fabrication of Coffee Bean
Dryer Utilizing Geothermal Heat in Baslay, Dauin”. The purpose of the study is to design and fabricate a Coffee
Bean Dryer that is feasible, cfficient, and cost-cffective. Also, the researchers aim that the study would help the
cooperative/community in drying coffce faster, casicr, and more efficiently while utilizing the geothermal resource
in the locality. Rest assured that our research activities will not disrupt the location site and that we will adhere to all
safety and security protocols mandated by the arca.

Here are the specific activities we intend to do in the arca:

1. Visit the site in Baslay, Dauin Hot Spring on January 22, 2024, Monday at 7:00 am to check the parameters
luding the pH, temp ¢, and ibility of the area.

2. Visit the Coffee farm to determine the moisture content of the coffee bean and the type/variety of coffee
they have on January 22, 2024, Monday at 1:00 pm.

3. Install the prototype designed Coffee Bean Dryer to the site located at Baslay, Dauin Hot Spring on March
24, 2024, Sunday at 7:00 am.

4. Visit the area once the fabricated Coffee Bean Dryer is installed to i isture of the coffee
beans on March 25 -28, Monday to Thursday at 7:00 am.

We would be happy to speak with you in person and provide you with further information about our project study.

Thank you and more power!

ELLYN M%ALDEZ JESSE%A. ORITO

Researcher Researcher
+639559446426|bernaldez.ellynmae.a@gmail.com +639927217863|orito.jessel.a@gmail.com
RONALYN%IHAYLUNGSOD CHERI ;MINGUBAN

Researcher Researcher
+639076002198|dubaylungsod.ronalyn.b@gmail.com +639066574550tinguban.cherimae.e@gmail.com
Noted by: C y

NGR. LEIZL M. DA, M.Eng.
Rescarch Adviser

i E . VI EVA, Ph. D.
Dean, College offfngineering and Architecture

Chairman, Geothermal Engineering

Approvcd:§

HON, FEXIX DAYOT
Barangay Capiain

Baslay, Dauin, Negros Oriental
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Permission Letter to the Chairman of Baslay Highland Agriculture Cooperative
(BASHACO) to Conduct the Research

R.A. 9299 Republic of the Philippines June 25, 2004

NEGROS ORIENTAL STATE UNIVERSITY /
NOHS (1907) I NOTS (1927) I EVSAT (1956) I CVPC (1983)
Ave., Dumag City, Negros Oriental, Philippines 6200

February 11, 2023

FORESTER RUEL INOJALDO PEREZ, MSc.

Chairman, Baslay Highland Agriculture Cooperative (BASHACO)
Baslay, Dauin, Negros Oriental

Sir:

Greetings!

We, the 4th year stud taking up Bachelor of Sci in Geoth | Engincering of Negros Oriental State
University would like to ask permission to conduct our study entitled “Design and Fabrication of Coffee Bean
Dryer Utilizing Geothermal Heat in Baslay, Dauin”. The purpose of the study is to design and fabricate a Coffee
Bean Dryer that is feasible, cfficient, and cost-effective. Also, the researchers aim that the study would help the
cooperative/community in drying coffec faster, casicr, and more efficiently while utilizing the geothermal resource
in the locality. Rest assured that our research activities will not disrupt the location site and that we will adhere to all
safety and security protocols mandated by the area.

Here are the specific activities we intend to do in the area:

1.  Install the prototype designed Coffee Bean Dryer to the slw located at Baslay, Daum Hot Spring
2. Visit the area once the fabricated Coffee Bean Dryer is installed to i of the coffee
beans

Additionally, in line with this, the rescarchers would like to express our interest in purchasing two (2) kilograms of
your undried and newly harvested coffee beans.

We look forward to the possibility of establishing a fruitful collaboration with your d coffee establist
Further assistance and guidance from your organization is deeply appreciated. We will be waiting patiently for your
responsc. Thank you and more power!

ELLYN MAE A. BERNALEE JESS ORITO

Rescarcher Res
+63955944642 aldez.cllynmae.a@gmail.com +6399272)17863|orito.jessel.a@gmail.com

RONAL! 3 YLUNGSOD
Researcher Rescarcher
+639076002198|duhaylungsod.ronalyn. b@gmail.com +639066574550|tinguban.cherimae.e¢@gmail.com

Dean, College of hgincering and Architecture
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Request Letter to Baslay Highland Agriculture Cooperative (BASHACO) to Conduct a
Survey Questionnaire

Republic of the Philippines
NEGROS ORIENTAL STATE UNIVERSITY /38
BACHELOR OF SCIENCE IN GEOTHERMAL ENGINEERIN( ¥
COLLEGE OF ENGINEERING AND ARCHITECTURE )3
Main Campus II, Bajumpandan, Dumaguete City 6200 ]

May 2024

Baslay Highland Agriculture Cooperative (BASHACQ)
Baslay, Dauin, Negros Oriental

Greetings,

) We are 4th year Geothermal Engineering Students, we are currently conducting a research study
explupng the possibility of using geothermal heat to dry coffee beans in Baslay, Dauin. Our goal is to
examine how tapping into geothermal energy could possibly help transform the way coffee beans are

dried in Baslay, offering a sustainable solution that supports wider cfforts towards sustainability and
efficient resource use.

For this rescarch questionnaire, the rescarchers selected the members and farmers of the Baslay
Cooperative as our respondents. Your participation in this questionnaire will provide valuable insights that
may contribute to the development of environmentally friendly coffee bean drying methods, benefiting
both the coffee industry and the environment. Thank you for your participation.

Researchers,

ELLYN MAE A. BERNALDEZ .IESS}:_L.;\. ORITO

Researcher Researcher
+639559446426|pemaldez.ellynmae.a@gmail.com +639927217863orito jessel.a@gmail.com
RONAL DUHAYLUNGSOD CHERI MAE E. TINGUBAN

Researcher Researcher
+639076002198|duhaylungsod.ronalyn. b@gmail.com +639066574550|tinguban.cherimae.e@gmail.com
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Request Letter to the Negros Oriental St at e
Conduct a SurveyQuestionnaire
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