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Executive Summary  
 

Globally, over 2.5 billion people continue to rely on the traditional use of biomass as their main 

fuel source for cooking. Exposure to the noxious gases that are emitted by these fuels is a leading 

cause of premature deaths in developing countries; in fact, 2.8 million people die each year due to 

prolonged exposure. Given the prediction that over 600 million people in sub-Saharan Africa will 

still lack access to electricity in 2030, determining feasible clean cookstove solutions is a priority 

for engineers and humanitarians alike, but the formula for creating a successful adoption program 

is complex and requires integrated cooperation from all fronts. The primary goal is to design a 

modification to the Kenya Jiko stove, or a re-design if necessary, that allows Kenyans to maintain 

their current manufacturing techniques, to utilize their local resources, and to preserve their 

traditional cooking methods. Of equal importance, though, is the exploration of ceramic adsorption 

capabilities to determine an ideal approach for reducing exposure to noxious emissions from 

indoor biofuel combustion. This design will minimize production costs, and it will be sized to 

satisfy any cookstove user. Customer information was gathered from faculty members from the 

Penn State University Department of Architecture and the Humanitarian Materials Lab, as well as 

from scholarly research online. Primary customer needs were determined to be safety, ease of 

manufacturing, low cost, high durability, portability, and universality. From these customer needs, 

low cost and ease of manufacturing were determined to have the most weight. Four preliminary 

concepts were created that meet the design specifications; a pugh-scoring matrix was used to 

determine the concept design that would best meet the customer needs. Concept one utilizes a 

stove redesign that provides additional air to the system in order facilitate more complete 

combustion, hence reducing carbon monoxide emissions. Concept two includes an attachment that 

raises the placement of the pot or pan; the fuel is burned under the conical ceramic cover, and as 

the smoke passes through the holes in the cover, adsorption of emissions can occur. Concepts three 

and four are similar given their ceramic hood adaptations; however, concept 4 presents a design 

that can potentially maximize emissions adsorption. Concept 5 became the most favored design 

due to the complete utilization of ceramic for manufacturing and its optimal score on the Pugh 

Scoring Matrix. It has been named the Modular Cookstove Enclosure, as it can be placed over any 

anticipated cookstove that a customer may own. BET surface area testing and pore size distribution 

testing was conducted to quantify adsorption capabilities of the chosen material; N2 and CO2 gases 

were used as adsorbates, as the equipment was not capable of testing Carbon Monoxide. A 

combination of materials is utilized for testing samples: a red clay, a white kaolinite clay, and a 

sandy soil; all of which contribute to desired ceramic qualities that are sought, and these can be 

found readily in sub-Saharan Africa. Prototype construction took place in a Penn State ceramics 

studio. Standard red molding clay was purchased and used; given the limited group experience in 

working with clays, the process was difficult and many challenges were encountered along the 

way. The goal of having a single, uniform device was not met due to the inability to join the conical 

hood to the cylindrical base since the base dried too quickly. This was overcome by firing the two 

pieces separately in the kiln, and allowing the conical hood to act as a removable lid. Based on the 

material characterization tests, it was concluded that substantial adsorption will not occur unless 

the clay is fired with a substance like sawdust, which could greatly increase pore volume and 

available surface area. Until more conclusive evidence of adsorption potential is obtained, the 

widespread adoption of a device like the Modular Cookstove Enclosure is not likely, but as 3-D 

printing of ceramics becomes more viable, future iterations of this project have the potential for 

greater success. 
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1.0 Introduction 
 

1.1 Initial Problem Statement  
 

One third of the world’s population, 2.5 billion people, are still reliant on the traditional use of 

solid biomass for cooking purposes. Despite the growing cognizance of health and environmental 

risks associated with conventional cooking methods, the International Energy Agency predicts that 

in 2030, approximately 2.3 billion people will remain without access to clean cooking. In sub-

Saharan Africa, as the implementation of clean cooking technologies is unable to keep pace with 

population growth, those without access to clean cooking will increase to 910 million. 

Furthermore, 675 million people, 90% of them being from sub-Saharan Africa, will remain without 

electricity in 2030, so there is an increased pressure on engineers and humanitarians alike to 

determine effective cooking solutions for developing regions (IEA, 2017). 

  

Presently, 2.8 million people are subject to premature death each year due to prolonged exposure 

to noxious emissions from cooking with biomass fuels (IEA, 2017). Women and children are hurt 

most by these adverse effects, and their daily productivity is inhibited by the time required for fuel 

harvesting and cooking. The unsustainable harvesting of trees in Kenya, coupled with the 

continued utilization of inefficient cooking technologies, presents a duality of environmental 

problems. However, if clean cooking access is provided for all, the premature death toll is 

estimated to decrease by 1.8 million people per year by 2030, and time otherwise spent gathering 

fuelwood can be redirected to more beneficial activities such as pursuing an education or 

generating income (IEA, 2017). 

 

Over the past five decades, there have been over 160 cookstove programs that focus on developing 

new stove designs, improving large-scale manufacturing processes, marketing techniques and 

financial incentives to facilitate product distribution; however, there has been minimal attention 

dedicated to understanding the factors that are essential for the successful adoption of new 

cookstove technologies (Ruiz-Mercado et al, 2011). Aside from this, there are extreme tradeoffs 

that exist between cookstove designs that can maximize both environmental and human health 

benefits; finding a balance between these requires a commitment to a crossroads analysis that has 

not been of interest to most researchers in the field (Kammen, 2003). These design constraints are 

reminders of the need for more concerted and integrated efforts in the implementation of successful 

cookstove adoption strategies (Ezzati, 2002).  

 

1.2 Objectives 
 

One of the primary goals is to empower local Kenyan people to continue making their own 

cookstoves; even if mass production at a lower cost is possible for a design, developing solutions 

that allow Sub-Saharan Africans to utilize their available resources for self-manufacturing. 

Materials will be strategically chosen so that communities will not require any means of importing 

goods, hence minimizing production costs. Improving indoor air quality by decreasing the amount 

of noxious emissions generated by these stoves is of equal importance, as long as the modifications 

offer compatibility with current cooking practices in Kenya. In order to successfully implement 

new clean cookstove technology and to ensure sustained use over time, convenience and ease-of-
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use factors must be accounted for, otherwise the consumers will be less inclined to adopt the new 

product, regardless of any health benefits. 

 

 Conceptualization and investigation of plausible modifications to current Kenyan Jiko stoves in 

order to avoid the complete redesign of existing models is a goal of the project. Such modifications 

will employ the use of ceramics that originate in Kenya, and their potential for noxious emissions 

adsorption will be explored. Given that the adoption of stoves differs at both household and 

community levels, the viability of a universal attachment that could be bought by Jiko stove owners 

will also be investigated. If this is infeasible, however, a design that will minimize drastic changes 

to current cookstove manufacturing techniques will be generated.     

  

2.0 Customer Needs Assessment  
 

2.1 Gathering Customer Input  
 

The identified customer needs were classified with input from Penn State University faculty and 

investigation of scholarly sources. These two methods of information collection were the most 

feasible approaches for assessing customer needs given the location constraints of the project. The 

intended customer for the Kenya Jiko stove ceramic insert is the entirety of the Kenya population 

as well as surrounding African nations in which the stove is widely used. This broad target market 

is unreachable under the established funding and time constraints and, thus, the alternative methods 

of customer needs identification were employed.  

  

Faculty members from Penn State University were the primary information providers for the 

customer needs analysis. More specifically, information was acquired through contact with faculty 

members and project sponsors from the Penn State University Department of Architecture. Two 

of the project sponsors contacted for customer details have been to Kenya and other Central 

African nations for extended time periods. Having spent lengthy periods of time in the Central 

Africa region, these two project sponsors had the opportunity to fully assess the scope of the issues 

facing the customers and understand the customers’ needs. The information provided by the 

sponsors based on their first-hand experience related to cultural normalcies, demographics, 

economic conditions, and customer sensibility. This basic intelligence served as a foundation for 

identifying customer needs and guided the research in scholarly sources.  

 

Information acquired from the university faculty and project sponsors aided in narrowing down 

the research criterion to the four aforementioned categories (cultural normalcies, demographics, 

economic conditions, and customer sensibility). Each of these topics was explored and investigated 

using reputable Internet resources. Internet resources such as Penn State University Libraries, 

Google Scholar, and the CIA World Factbook were employed in order to quantify specifics of each 

topic under investigation. This data was recorded and expended to identify six customer needs: 

safety, ease of manufacturing, low cost, high durability, portability, and compatibility. 
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2.2 Weighting of Customer Needs  
 

After acquiring sufficient information required to specify six customer needs, it was necessary to 

define each customer need both qualitatively and quantitatively. The information compiled from 

faculty members of Penn State University and reputable internet resources yielded broadly defined 

requirements. In order to simplify the process of customer needs ranking and weighting, each of 

the six identified customer needs were concisely defined.  

 

Safety: Safety is a critical aspect in the design of the ceramic insert for the Kenya Jiko stove. 

The safety of the product is essential in ensuring its adaptation and effectiveness. Consumers 

would be more willing to invest in a product that is harmless and easy to handle rather than a 

more hazardous one. For instance, the addition of handles onto a stove chamber is much safer 

and more likely to be used than a chamber without handles due to the potential for contact 

with heat.    

 

Ease of Manufacturing: The ease of manufacturing is another essential customer need that 

is to be considered in the design of the ceramic insert for the Kenya Jiko stove. Manufacturing 

simplicity is a key customer need due to the desired availability and access to the product. A 

ceramic insert that is easy to produce will streamline the manufacturing process and, ideally, 

be able to be done locally in Kenya (or other Central African nations). Aspects relevant to 

simplifying the manufacturing process include: using materials local to the customers, using 

a non-labor-intensive production method, and minimizing the number of parts. 

 

Cost: The cost of the ceramic insert for the Kenya Jiko stove is identified as a customer need 

due to the economic conditions in the region. Cost of production must be minimized to ensure 

that customers are able to afford the product, otherwise, the product will not be used.  

 

Durability: The durability of the ceramic insert is critical for ensuring the longevity of the 

product. Durability not only pertains to the material properties and strength of the product, 

but also its reparability. The ceramic insert design must be composed of a durable material 

and be able to be repaired as needed. This attribute will incentivize the customers to invest in 

the product.   

 

Portability: The portability of the ceramic insert designer for the Kenya Jiko stove is another 

identified customer need. Portability of the product is required for the ease of storage inside 

of the customers’ homes so that the insert does not cause burden. Additionally, the portability 

is crucial for shipping and handling of the product since it is likely that the ceramic insert will 

require transportation after manufacturing.  

 

Compatibility: The compatibility of the ceramic insert for Kenya Jiko stove is vital for the 

customers. Compatibility insinuates that the design of the ceramic insert does not hinder the 

customers’ abilities to use the Jiko stove. This means that all cookware must be able function 

in conjunction with insert with little to no difficulty. 

 

The Analytical Hierarchy Process Matrix (AHP Matrix) is an organizational technique used to 

structure the process of decision making. This decision-making method is useful for identifying 



8 

project goals and prioritizing them based on relative importance. For the specified customer needs 

(safety, ease of manufacturing, cost, durability, portability, and compatibility), the AHP Matrix 

proved to be effective for quantifying the importance of each. 

  

Quantification of the customer needs is done first by ranking the relative importance of each need 

on a scale from one to nine. These relative rankings range from one being of equal importance 

(lowest) to nine being absolutely more important (highest). A further explanation of the meanings 

of these numerical rankings are explained in Table 1. Results from the ranking process were then 

used to generate a weight of each customer need. These weighted values for the customer needs 

present the customer needs requirements in percentages, which simplifies the meaning results. The 

percentages correspond to the level of focus each design aspect requires, where a higher percentage 

is of higher importance and a lower percentage is of less importance. For instance, the weight of 

cost was calculated to be 26.88 (%) whereas the weight of the portability is only 4.08 (%). This 

means that maintaining a low price point is much more crucial than making the product highly 

portable. 

 

 
Table 1: Rating scale used for the AHP Matrix with explanations. 

Objectives ‘a’ and ‘b’ are of equal importance 1 

Objective ‘a’ is weakly more important than ‘b’ 3 

Objective ‘a’ is strongly more important than ‘b’ 5 

Objective ‘a’ is very strongly more important than 

‘b’ 

7 

Objective ‘a’ is absolutely more important than ‘b’ 9 

Intermediate values 2, 4, 6, 8 

 

 

 

 

 

 

 

 

 



9 

Table 2: AHP Matrix rankings. 

 Safe Ease of 

Manufacture 

Cost Durability Portability Compatibility 

Safe 1.000 0.333 0.143 0.250 1.000 0.2000 

Ease of 

Manufacturing 
3.000 1.000 1.000 3.000 7.000 1.000 

Cost 7.000 1.000 1.000 3.000 8.000 0.500 

Durability 4.000 0.333 0.333 1.000 4.000 1.000 

Portability 1.000 0.143 0.125 0.250 1.000 0.250 

Compatibility 5.000 1.00 2 1.000 4.000 1 

Sum 21.000 3.810 4.601 8.500 25.000 3.950 

 

 

 

 
Table 3: Normalized AHP Matrix with calculated weights. 

 Safe Ease of 

Manufacturing 

Cost Durability Portability Compatibility Priority 

Safe 0.0476 0.0875 0.0310 0.0294 0.0400 0.0506 4.77% 

Ease of 

Manufacturing 
0.1429 0.2625 0.2173 0.3529 0.2800 0.2532 25.15% 

Cost 0.3333 0.2625 0.2173 0.3529 0.3200 0.1266 26.88% 

Durability 0.1905 0.0875 0.0724 0.1176 0.1600 0.2532 14.69% 

Portability 0.0476 0.0375 0.0272 0.0294 0.0400 0.0633 4.08% 

Compatibility 0.2381 0.2625 0.4347 0.1176 0.1600 0.2532 24.43% 
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Table 4. The importance of identified customer needs based on AHP Matrix weights. 

Customer Need Priority Importance 

Cost 26.88 % Most 

Important 

 

 

 

 

Least 

Important 

Ease of 

Manufacturing 
25.15 %  

Compatibility 24.43 % 

Durability 14.69 % 

Safe 4.77 % 

Portability 4.08 % 

 

3.0 External Search  
 

3.1 Patents  
 

1. Side-Feed Forced-Air Biomass Burning Cookstove 

Inventor(s): Morgan W. DeFoort, Nathan Lorenz, John Mizia, Jason Prapas, Kevin Dischino 

Current Assignee: Colorado Sate Research Foundation, Envirofit International Inc, Colorado 

State University Research Foundation 

Original Assignee: Colorado State University Research Foundation 

Priority date:   2014-09-11 Status: Pending 

 

Devices were created that aid in reducing 

particulate emissions from biomass stoves by 

the use of gases injected in or near the 

oxidation zone of a combustion chamber. The 

devices “provide electricity to a pump or 

blower that aids in injecting the gas and/or 

collecting exhaust gases” (DeFoort M.W., 

2014).  They have patented their creation of a 

device for reducing emissions from a biomass 

stove. 

 

 

 

 

 

 

 

 

 

 

Figure 1. The Side-Feed Forced-Air Biomass Burning 

Cookstove reduces particulate emissions from biomass 

stoves by collecting exhast gases (DeFoort M.W 2014). 
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2. Combination cook stove heat exchanger, filter, and recirculation assembly 

Inventor: Sidney Jacobs  

Original Assignee: Sidney Jacobs 

Priority date: 2001-06-01 Expired - Fee Related 

The invention is based on the combined self-cleaning grease and particulate filter and exchanger 

used to collect thermal energy normally through flue hoods or other ventilation (Jacobs, 2001).  

They have patented “an apparatus adapted for use in combination with a plurality of heat 

exchangers positioned over a heat generating cooking surface in a kitchen environment. The 

system utilizes a piping configuration, which circulates fluid in parallel to a plurality of heat 

exchangers is disclosed. 

  

.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3. Solid fuel burning stove and catalytic converter 

Inventor(s): Robert Vernon Vandewoestine, Peter S. Albertsen 

Current Assignee: Corning Inc.  

Original Assignee: Corning Inc. 

Figure 2: The Combination cook stove heat exchanger, filter, and 

recirculation patent is used in various cooking/kitchen environments to 

facilitate ventilation and collect thermal energy (Jacobs S, 2001). 
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Priority date: 1980-04-02 Status: Expired 

 

The design involves a stove for use in burning 

solid fuel such as coal or wood has a catalytic 

converter, which comprises a plurality of catalytic 

cells that may be located in the flue of the stove 

(Vernon R., 1980). Corning Inc.’s patent is meant to 

increase safety and efficiency of solid fuel burning 

stoves by minimizing unoxidized carbon-based 

pollutants. 

 

 

 

 

 

 

 

 

 

3.2 Existing Products 

 

Provided below are existing cookstove models in east Africa:  

 

1. “Malaika Jiko,” 

In 2012, Wisdom Innovations, started manufacturing and distributing their first cookstove model 

called the Malaika Jiko, or MJ. A redesign was made a year later, referred to as “M2,” 

commercially. These designs are “top lit up-draft gasification cookstoves, or TLUDs, and are 

innovative variations of the Tchar stove” (Wisdom Stoves, 2015). This cookstove was designed to 

burn biomass fuels (including wood, dried bio mass briquette, and other) and convert them into 

charcoal while cooking. In the burning process, the carbon is stored in the charcoal. The difference 

between the MJ and M2 is that the MJ is an added feature, which is placed on top of a 10” 

traditional improved Kenya jiko with a ceramic insert and the M2 works independently, which 

includes the insert (Wisdom Stoves, 2015). 

 

Figure 3: The Solid fuel burning stove and 

catalytic converter utilizes a multitude of 

catalytic cells to facilitate the minimization 

of unoxidized carbn-based pollutants, hence 

increasing the safety and efficiency of the 

stove (Vernon R, 1980). 
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2.  “Jikokoa” 

BURN has built the “Jikokoa”, a clean cookstove that can burn a 

variety of sustainable fuels (ex. bio-kerosene and agricultural 

waste). It has ceramic insulation and a stainless steel grate with a 

unique feature where consumers have the ability to control the 

temperature while they cook. The company operates as a 

commercial business and offers financing to their customers 

(BURN, 2014). 

 
 

 

 

 

  

 

3. “ACE 1 Cookstove” 

African Clean Energy, a family-owned private company, (ACE, a commercial company) has 

produced a clean cookstove which goes by the name “ACE 1 Cookstove.” The company 

operates in Lesotho, Cambodia, Uganda and the Netherlands (Africa Clean Energy, 2018). 

Their mission is to provide “off-grid household energy solutions to people in Sub-Saharan 

Africa and elsewhere in the developing world.” It was indicated from the company website 

that this cookstove is “capable of mitigating many of the problems associated with biomass 

cooking as well as offering additional benefits” (Africa Clean Energy, 2018). The ACE 1 Solar 

Biomass Cookstove combines a smoke-free cooking experience with access to basic 

electricity. Although recommended wood pellets for fuel, its burns a variety of biomass fuels 

cleanly. It saves around 70% of fuel compared to open fires (Africa Clean Energy, 2018). On 

their website, they have given customer the option of donating the stove to people in need. 

 

 

Figure 4: Wisdom Innovations began manufacturing the “Malaika Jiko”, and a year later they released a redesign called 

the “M2.” The M2 functions independently as a stove, whereas the MJ is an added feature to a traditional Kenya Jiko 

stove (Wisdom Stoves 2015). 

 

 

 

Figure 5: The Jikokoa allows 

consumers to adjust their cooking 

temperature and gives them the 

opportunity to burn more 

sustainable fuels like bio-kerosene 

and agricultural waste (BURN, 

2014).  
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The feature for this cookstove includes: 

● LED light 

● Solar Panel 

● Wall charger 

● USB and DC ports 

 

 

 

 

 

 

4.“SuperSaver GL Wood” 

Envirofit have created the SuperSaver GL Wood stove in order to accomplish their mission to 

“make the highest quality, lowest cost smart cookstoves for families and enterprises across the 

world.” The SuperSaver GL is a durable wood stove that saves time and reduces harmful 

emissions. They designed the stove with heat-resistant materials which is good for cooking safely 

(Envirofit, 2018). They have several production and distribution plants internationally, (including 

Nairobi, Kenya) and their headquarters are in Colorado. 

 

The feature for this cookstove includes: 

● Tiered Pot Support 

● Cast Iron Drip Pan 

● Wooden Handles 

● Enviroflame™ Patented Combustion System  

● Lightweight Heat Reflecting Shield 

● Heat Resistant Patented Alloy Chamb 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6: The “ACE 1 Cookstove” offers a smoke-

free cooking experience to those with access to 

basic electricity, and it is able to save 70% of fuel 

compared to open fires (ACE 2018). 

 

 

Figure 7: The “SuperSaver GL Wood” has a patented heat resistant 

alloy chamber along with a combustion system that helps reduce 

noxious emissions (Envirofit 2018). 

 

 



15 

4.0 Engineering Specifications  

 
4.1 Establishing Target Specifications  
 

For this project the team has set a target to keep CO levels below 70 parts per million 

(PPM) during the cooking process. This goal was set because according to the United States 

Consumer Product Safety Committee if CO levels are above 70 PPM, people will start to observe 

CO poisoning. This requirement meets the customer need of the cook stove being safe to use. 

Another target is to keep the price of a new cook stove under $15. This target may be difficult to 

maintain because the current price of a cook stove is around $10. This target was set in order to 

meet the customer need of the stoves being affordable, and the customer need for the stove to be 

easily manufactured. In order for the cook stove to meet the customer need of being portable, the 

cook stove must weigh less than 40 pounds. The cook stove must be able to reach 300 degrees 

Fahrenheit. This target was set low based on operation specifications for example how much fuel 

is being used, what kind of fuel, distance from pan to fuel. This requirement relates to the customer 

need of being able to cook desired meals on the cook stove. 

 

4.2 Relating Specifications to Customer Needs  
 

The Needs-Metric’s Matrix lists out the customer need and the importance of each 

customer need on a scale of 1 to 5, with 5 being the most important. This matrix then compares 

customer needs to the design deliverables and has a score on how the design requirements relate 

to the customer requirements on a scale of 1 to 5, with 5 being best relation. In order to make the 

cookstove safe to use the ceramic device must be able to capture particles smaller than 10 

micrometers. This is due to the health issues that are caused by continuous inhalation of these 

particles. The max price of the ceramic device was set at $8 because the cost of the ceramic device 

is a customer need. The cookstove total price is $10, so the ceramic device price will be lower than 

the cookstove. The device needs to have a life expectancy of at least 8 months, which meets the 

customer need of durability. In order to meet the portability customer need, the ceramic device 

must weigh less than 50 pounds. In order to meet the compatibility customer need, the ceramic 

device must allow the cookstove to reach 350 degrees Fahrenheit and it must fit 90% of current 

cookstoves.  
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5.0 Concept Generation and Selection 
 

5.1 Problem Clarification  
 

The ‘black box model’ displays all of the inputs into the cook stove and their classification 

as an energy or material input. Then it goes through the sub functions of the cook stove that are 

necessary in order to obtain the desired outputs. The model also shows the outputs of the system 

and their classification as an energy or material output. The cook stove does not have any signal 

inputs or outputs in the system. The inputs to the system are charcoal (used as fuel in Kenya), the 

human energy required to start the fire, wood (alternate fuel), a pot/pan to cook with, and food to 

cook. The outputs are ash from burning the fuel, heat used to cook the food, CO, CO2, and 

particulate matter which are emissions from the combustion process. 

 

Figure 8: The Needs-Metric’s Matrix compares the customer requirements against the design requirements in order to ensure 

that each customer requirement is being met by a design specification. 
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5.2 Concept Generation 
 

Five concepts were developed based off of the customer needs analysis, and they can be 

seen in Figures 10-14. Looking at Figure 10, the main function of the modified cook stove is 

additional air intake. Air is drawn through the pipes, heated and released over top of the flame. 

This idea is based off technology used in boilers, creating a two-stage combustion. The intention 

here is to increase the efficiency of combustion and therefore decrease noxious emissions.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 10. Air intake system. This design 

modifies the existing stove to incorporate 

intake pipes that draw air in and move it above 

the flame. The air is then heated from the flame 

and aids in increasing combustion efficiency. 

Cooking processes would remain the same for 

this modification. 

Figure 9: ‘Black box model’ shows the inputs and the outputs into the stove, while also describing what kind of input or 

output they are. In the center box is a description of the sub functions necessary in order to make the whole system work. 

The inputs are charcoal (fuel), human energy (starting fire), wood (alternate fuel), pot/pan to cook with, and food to cook. 

The outputs are ash from burning the fuel, heat from combustion process, CO from combustion process, CO2 from 

combustion process, and particulate matter in smoke from combustion 
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Figure 12. Gas redirection system. The fuel chamber 

of the original stove is completely modified as to 

redirect the emissions along the ceramic hood 

attachment, allowing for the adsorption of some 

noxious gases. 

The second concept is a conical, ceramic attachment as seen in Figure 11. This idea is 

purely based off of adsorbing emissions, due to increased surface area from holes drilled in the 

ceramic. Physisorption, as opposed to chemisorption, allows for monolayer adsorption due to 

valence bond linkages from weak Van der Waals forces. This phenomenon will be discussed 

further in Section 8.2. The attachment will rest atop the stove, and cooking will take place on the 

top of this attachment. Smoke should be able to travel through these holes, where noxious 

emissions will adsorb to the ceramic material. The attachment fits over-top of a pre-existing stove, 

slightly raising the pot/pan that is used.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

The third concept requires a complete stove re-design that helps induce a narrower 

emissions path, shown in Figure 12. In this idea, a ceramic hood is affixed to one side of the stove; 

directly under the attachment is a grate-like where all the smoke will exit. As the emissions pass 

along the ceramic addition, it is expected that key noxious gases will adsorb to the ceramic material 

before completely leaving the system.  

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

  

Figure 11. Conical cover system. This design is an attachment to 

the existing stove that utilizes surface area to increase adsorption 

effects. The ceramic cover fits on top of the stove, with the cooking 

utensil placed on top of the cover. Smoke created while cooking 

exits the attachment through the many drilled holes in the ceramic 

and hopefully adsorbs to the material. 
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Figure 13. Adsorption hood. This design utilizes 

adsorption and containment while being raised to 

allow for space to cook. Smoke created by cooking is 

channelled upward and out of the hood all while 

noxious emissions adsorb to the ceramic. 

The fourth concept combines the ideas of redirection and adsorption from the other three concepts 

and can be seen in Figure 13. This development utilizes a ceramic hood similar to the third concept, 

but instead of sitting directly on top of the stove, the hood is raised. For support, three metal posts 

protrude from the ceramic and attach to a hollow, metal disk that has the same diameter of the top 

portion of the cook stove. This allows for easy adaption, with clamps to hold the attachment in 

place. As smoke travels upwards, the hood acts as a funnel, keeping the emissions away from the 

user while a portion of the noxious emissions adsorb to the ceramic material. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Building off of the fourth design, concept five was created as seen in Figure 14. The Modular 

Cookstove Enclosure was developed as an improvement to the Adsorption Hood. Instead of being 

attached with a metal ring to the top of the cookstove, this entirely ceramic design allows the stove 

to be placed inside, concentrically. The tent-like shape of the enclosure allows smoke to travel up 

and out of the ceramic chimney, while allowing smoke particulates to adhere to the inner surface. 

Additional slits were added to the body of the piece to increase oxygen supply and decrease the 

weight of the design. 
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Figure 14. Modular Cookstove Enclosure. This 

design allows the cookstove to be almost entirely 

housed by ceramic, with the hope of additional 

adsorption. The piece consists of a hollow, cylindrical 

body and a ‘chimney’ type conical top. This design 

allows for much more room for cooking, while 

getting rid of costly metal.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

5.3 Concept Selection  
 

Considering each of the team’s five designs, a Pugh Scoring Matrix was created in order to 

evaluate the potential success of each concept. The final Pugh Matrix is shown in Table 5, where 

concepts one, three, four and five are compared to the second, reference concept. A score from 1 

to 5 was assigned to every piece of criteria for each concept, where 1 is the worst rating and 5 is 

the best.  

 

Looking at the first concept, the air intake system, a clear benefit is a more efficient combustion. 

As outside air is pulled in above the flame, it is heated, increasing activation energy. This in turn 

allows more particles to react, creeping toward complete combustion and less noxious emissions. 

This concept would be durable and portable as well. Although this is an interesting, technical idea, 

it would be costly and hard to manufacture. These issues can be seen in the scoring matrix, as 

concept one scored the lowest. 

 

Moving on to the second, reference concept, we have the conical cover attachment. The reason 

this design was chosen as the reference is because it doesn't seem to excel in any category, but also 

lacks any major design concerns. This idea is a good, rough start, but far from perfect. The 

attachment would be fairly cheap to produce and universal, but may not be the safest option. There 

is also the possibility that this design hinders the process of cooking, which is a drawback, based 

on our customer needs. Since this concept scored third in scoring matrix, the design will not be 

continued. 
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The third concept, the gas redirection system, excels in originality with a unique design, but fails 

to meet most of the criteria. The attachment of a half-shell hood would make the stove easier to 

break and much harder to move around. Out of the four concepts, this design scored the lowest in 

terms of safety, durability and portability. Although this design meets the reference score for ease 

of manufacturing and cost, this does not make up for the downsides of the design, so this concept 

will not be continued.  

 

Scoring in second was concept four, the ceramic adsorption hood. Before the addition of concept 

five, this model actually scored the highest. This addition is fairly similar to the reference and 

scored accordingly. The criteria that make this idea better than the reference are safety, durability 

and compatibility. The design allows for many of the same emission elimination methods seen in 

the other concepts, but many be too restricting in terms of being able to cook with larger pots and 

pans. Along with this, the supporting metal ring and rods would be costly and not the easiest to 

manufacture. Since concept four scored the second highest, it will still be considered as an alternate 

design.  

 

The first-place design was concept five, the modular cookstove enclosure. The key element in this 

design is the use of 100% ceramic, getting rid of any metal supporting pieces. Using only clay 

material cuts manufacturing costs and difficulty drastically and avoids thermal expansion and 

corrosion issues that may be seen when using metal. The enclosure also allows the stove to be 

surrounded by additional ceramic, allowing more adsorption to occur. The design is extremely safe 

and offers more space for cooking than any other concept. With the only drawback being 

portability (heavy design), this concept scored the highest and will be continued as the primary 

design.  
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Table 5: Pugh concept scoring matrix. The customer needs were used to score each of the five design concepts that 

were developed. The conical cover attachment (concept 2) was used as a reference to score the other designs. From 

this matrix, concepts 2 and 4 scored the highest and will be continued, and concepts 1 and 3 scored the lowest and 

will be terminated. 

 

6.0 System Level Design  
 

The newest concept, the modular cookstove enclosure, was created using SolidWorks. Aside from 

the drawing of the concept alone, a model cookstove and a pot for reference were created in order 

to show how the addition is used as seen in Figure 15. The new design was created in an effort to 

improve the fourth concept, the ceramic adsorption hood. Improvements from the previous design 

include eliminating the use of metal as supporting material, increased compatibility in terms of 

stove sizes, increased adsorption due to surface area and the ability to cook with larger pots and 

pans. The cookstove fits within the enclosure concentrically, allowing for optimal cooking space 

due to an elliptical cut in the face of the ‘ceramic chimney’. Smoke that is created while cooking 

travels upward, in contact with the ceramic, and out of the conical top. The process acts similar to 

a funnel, keeping cook-smoke away from the user, while noxious emissions are reduced due to 

adsorption. Three rows of holes along the bottom of the base are in place to allow for an excess of 

oxygen flow, and handles are incorporated on either side of the design. 

 

 

 

 

           Concepts         

      1   2 (ref)   3     4 5 

Selection 

Criteria  Weight Rating 

Wgtd. 

Score Rating 

Wgtd. 

Score Rating 

Wgtd. 

Score Rating 

Wgtd. 

Score 
               Wgtd.  
Rating     Score 

Safe 0.05 4 0.20 3 0.15 3 0.15 4 0.20 5            0.24 

Ease of Mfg. 0.25 1 0.25 3 0.75 2 0.50 3 0.75 4            1.00 

Cost 0.27 1 0.27 3 0.81 2 0.54 2 0.54 2            0.54 

Durability 0.15 3 0.45 3 0.45 1 0.15 4 0.60 5            0.73 

Portability 0.04 3 0.12 3 0.12 2 0.08 3 0.12 1            0.04 

Compatibility 0.24 4 0.96 3 0.72      4 0.96 4 0.96 5            1.22 

           

           

  

Total 

Score   2.25   3.00   2.38   3.17 3.78 

  Rank   5   3   4   2 1 

  Continue   No No No  

Yes-

Alt.  Yes-Primary 

             

Relative Performance   Rating        

Much worse than reference  1        

Worse than reference  2        

Same as reference  3        

Better than reference  4        

Much better than reference   5             
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7.0 Special Topics 
 

7.1 Preliminary Economic Analyses - Budget and Vendor Purchase 

Information  
 

The project team has a total budget of $1000 for the semester. At this point, no money has 

been spent toward the budget, but quantitative estimations have been made. These estimations can 

be seen in Appendix A in the Budget Table and Bill of Materials (BOM). The Budget Table 

estimates the total spending for the semester along with the percentage of the total budget that is 

needed. Spending was broken up into the following categories: travel, equipment, material, poster 

and emission testing. Most of the budget will be spent material for prototyping and emission 

testing, with a projected total cost of $470.00. The Bill of Materials outlines the expected materials 

of purchase and the associated cost. Materials/equipment that will be purchased are clay, steel, a 

CO/CO2 meter and a presentation poster. The cost for the BOM totals $277.34, but is subject for 

change throughout the semester. 

 

 

Figure 15: The modular cookstove enclosure brings together the best aspects of our design process thus far, including 

emissions redirection and adsorption. The leftmost image shows the design by itself, sitting upright. The entire device is 

made out of ceramic/clay, so that it may be easily produced in sub-Saharan Africa. The enclosure consists of a cylindrical 

body piece and a conical top leading to an opening for smoke to escape. As smoke is produced and travels upward, 

adsorption properties in the clay decrease noxious emissions and keep the smoke away from the user. The center image 

portrays a front-view of the addition, with an actual cookstove model and a large pot for reference. Clearly, there is ample 

room for cookware with space left over to tend to the dish that is being cooked. The rightmost image displays an isometric 

view of the design and enclosed cookstove.  
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7.2 Project Management  
 

 The project Gantt chart can be found in Appendix C of this report. In the Gantt chart there 

is a schedule of work that is to be completed by the specified date. Each item on the Gantt chart 

has the initials of a team member who is in charge of overseeing that item and making sure that it 

is completed on time. The items connected by lines means the first item must be completed before 

the next item can be started. The orange items are completed, green is in progress, and blue is not 

started yet. The next crucial step is to set up a meeting with Tom Lauerman to help manufacture 

the prorotype. 

 

7.3 Risk Plan and Safety  
 

The critical path method is an organizational technique used to decide upon the best 

schedule for a set of project activities. In order to construct a model for the critical path method, 

all of the activities required must be listed for project completion, estimated time durations for 

each activity, identify dependent activities, and identify end points for deliverables. The four 

values were then used to construct a schedule to minimize the time required to complete the project 

by focusing accomplishing the key tasks. These key tasks are located in Figure 16. 

 

 

 

 

 

 

 

Figure 16: With approximately four weeks remaining in the semester, significant progress has been made in completing project 

milestones. Of utmost importance to project success is securing help from Tom Lauerman in manufacturing the first prototype. It is 

expected to be completed within the next two weeks.  
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Constructing a risk and safety plan was another organizational technique employed to ensure 

project efficiency. The risk and safety plan delineate potential risks, which may affect project 

completion and rates each risk accordingly. Then, after rating the risk, actions that can minimize 

the risk and fall back strategies must be generated. Actions to minimize the risk are employed with 

the goal to prevent the risk from occurring, whereas the fall back strategy is the suggested method 

for handling the denoted risk. For instance, in Table 6, a Schedule Delay risk is considered high. 

Methods to minimize the likelihood of a schedule delay include tracking progress and asking for 

assistance, while the fall back strategy is to seek alternates and complete periphery tasks. 

 

Schedule Delays: Schedule delays are considered a high risk in developing the ceramic enclosure 

for the Kenya Jiko stove. A delay in scheduled items will hinder the progress of the project. This 

is a high-risk item due to the likelihood of schedule issues. The primary methods of preventing 

schedule delays are progress tracking and inquiring for assistance. 

 

Delays in Order Placement or Delivery: Delays in order placement and delivery are labeled as a 

moderate risk to the project. A delay in order placement or delivery will contribute to a schedule 

delay and are not conducive to completing the project on time. Methods of reducing this risk 

include ordering materials upon the confirmation and using trust-worthy sources of delivery (i.e. 

Amazon).  

 

Product Does Not Function as Predicted: The potential for the ceramic enclosure to fail in 

functionality is determined to be low. Due to the amount of research conducted for the production 

of the enclosure, the likelihood of failure is determined to be minimal. With that said, further 

reducing this risk may be done by researching modes of product failure and producing numerous 

prototypes.  

 

Customer Not Satisfied: The potential for the customer to be dissatisfied by the Kenya Jiko stove 

enclosure is deemed a moderate risk. In order to reduce the likelihood of this risk, designing the 

ceramic enclosure to comply with a majority Kenyan cookware and keeping the production costs 

low.  

 

Communication Issues: Communication issues are considered to be low due to the various 

mediums of contact. In order to further reduce the likelihood of communication issues, meeting 

productivity must be maximized and all work must be documented. 
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Table 6: Risk analysis and prevention plan based on identified issue potential. 

 

 

7.4 Ethics Statement  

 
The goal of this project is to produce a ceramic insert for the Kenya Jiko stove that successfully 

reduces the amount of toxins released into the air from burning various types of fuel. Currently, 

the Kenya Jiko stove releases toxins directly into the air without any method of capture or 

reduction. This practice affects the respiratory health of the users and is detrimental to their overall 

health. Mitigating or reducing the amount of toxins released by the Kenya Jiko stove is of utmost 

importance and pertains to the Kenyan Community stakeholder. 

 
The project sponsor and course coordinator are also integral stakeholders in the project. Both the 

project sponsor and the course coordinator influence the outcome of the design of the ceramic 

insert for the stove. Each stakeholder emphasizes the importance of progress and extensive 

documentation of research and findings. These stakeholder assessments may be further explored 

in Table 7.  

 

Risk Level Actions to Minimize Fall Back Strategy 

Schedule 

delays 

High + Track progress of time 

sensitive activities 

+  Ask group members for 

assistance  

 

+ Seek alternate methods 

of completing task 

+ Complete tasks that are 

able to be complete in 

the meantime  

 

Delays in order 

placement or 

delivery 

Moderate + Order project materials upon 

confirmation/selection 

+ Use trust-worthy sources of 

delivery 

 

+ Seek out local 

establishments for 

materials 

 

 

Product does 

not function as 

predicted 

Low + Research modes of failure to 

find prevention solutions 

+ Prototype many times to 

produce testing results 

+ Document reasons for 

certain methods failing 

+ Redesign solution based 

on failure mode 

Customer not 

satisfied 

Moderate + Ensure stove does not lose 

functionality 

+ Keep production costs low 

+ Prepare demonstration 

displaying toxin 

reduction 

Communication 

issues  

Low + Maximize meeting productivity 

via organization structure 

+ Document all work  

+ Carbon copy all 

relevant parties to 

emails 
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Table 7: Stakeholder assessments; analysis of their influences on the project outcome and the project's impact on 

them 

Stakeholder 

Name 

Contact Person 
Phone, Email, Website, 

Address 

Impact 
How much 

does the 

project 

impact 

them? 

(Low, 

Medium, 

High) 

Influence 
How much 

influence do 

they have 

over the 

project? 

(Low, 

Medium, 

High) 

What is 

Important to 

the 

Stakeholder? 

How Could 

the 

Stakeholder 

Contribute 

to the 

Project? 

Strategy for 

Engaging 

the 

Stakeholder 

Kenyan 

Community 

N/A High Low Increasing 

efficiency 

and safety of 

Kenya Jiko 

stove 

Making 

suggestions 

for design 

improvement 

N/A 

Project 

Sponsor 

DK Osseo-Asare 

ydo1@engr.psu.edu 

Medium High Acquiring 

substantial 

data and 

results to 

guide future 

research 

Provide 

assistance 

and 

information 

to facilitate 

research 

Weekly 

meetings 

and emails 

Course 

Coordinator 

Sean Knecht 

sdk149@psu.edu 

Low Medium Making 

progress and 

submitting 

satisfactory 

assignments  

Provide 

contacts and 

guidance for 

design 

aspects 

Attending 

class on 

Tuesdays 

and 

Thursdays 

 

 

7.5 Environmental Statement  
 

The environmental impacts related to the Kenya Jiko stove are easily identifiable and will be 

minimized where applicable. Improving the Kenya Jiko stove will require testing of emissions and 

efficiency via conducting a series of controlled burns. While this method is detrimental to the 

environment due to the release of emissions from the various fuel sources, it is the only practice 

able to be employed. With that said, these emissions and efficiency examinations will be kept to a 

minimum by conducting thorough research prior to assessment and designing a well-structured 

experiment. Aside from the necessary environment impacts of testing, all other environmental 

issues will be avoided at all costs in order to ethically produce an effective and functional product.  

 

7.6 Communication and Coordination with Sponsor  

 
Meetings with our sponsor, DK Osseo-Asare, are in person every Friday from 4-5pm. 
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8.0.1   Modifications to Statement of Work Sections 
  

8.0.1.1. Introduction 
 

No change 

 

8.0.1.2. Customer Needs  
 

A table specifying the ranking of each customer need was added. 

 

8.0.1.3. External Search 

 
The fourth listed patent was removed, as it was virtually the same as the “Combination cook 

stove heat exchanger, filter, and recirculation assembly.” The table comparing existing 

technologies was removed after being deemed unnecessary. 

 

8.0.1.4. Engineering Specifications 

 
The Needs Matrix was corrected to have an engineering specification for each customer need and 

the description discusses each engineering specification. The ‘black box model’ description was 

changed to describe each input and output. 

 

8.0.1.5. Concept Generation and Selection 
 

Concept five, the Modular Cookstove Enclosure, was added and has been deemed the most 

feasible design. The Pugh Scoring Matrix has been updated to include the weighted scores for 

the fifth concept design. Adsorption information is added briefly to preface Section 8.2. 

 

8.0.1.6. System Level Design 
 

Due to the introduction of the new design (concept five), the CAD images and related 

descriptions were updated accordingly.  

 

8.0.1.7. Special Topics 
 

Gantt Chart is up-to-date; Bill of materials has been adjusted to reflect only the cost of red clay 

with grog, as this is the only cost incurred for manufacturing. Other costs like lab time are 

included in the budget table.  

  

 

 
 

 

 



29 

 

8.1 Manufacturing Process Plan 

 

The prototype will be built solely out of standard red clay with grog; “grog is low-fired crushed 

ceramic, usually from broken pottery shards of the same clay” (Kinyanjui and Childers, 1983). 

The reason grog will be used in this prototype is to simulate as close to possible the type of clay 

that will be used to build the Modular Cookstove Enclosure in Kenya. So the first step in building 

this prototype is ordering standard red clay with grog, Dick Blick Art Materials and Standard 

Ceramics are excellent suppliers near State College. An estimate of around 87 pounds of clay will 

be needed in order to build the prototype. The next step is to cut base shapes of the three 

components of the prototype: the bottom cylinder, the conical hood, and the cylinder exhaust; refer 

to Figure 29 to see these shapes on the prototype. These base shapes will all be 1.5 cm thick and 

will have the dimensions seen in Figures 17, 18, and 19 below. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 17: Base cylinder rolled out, dimensions are in cm. This 

is what the base cylinder will look like before it is rolled into its 

cylindrical shape. 

 

 
Figure 18: Conical hood rolled out dimensions. This is 

what the conical hood will look like and the dimensions it 

will have before it is roll into its conical shape. 
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Figure 19: Exhaust cylinder rolled out dimensions in cm. This is what the exhaust cylinder will look like and the 

dimensions it will have before it is roll into its cylindrical shape. 
 

 

After these shapes are cut out of clay to these dimensions, each will be rolled so that the short sides 

are joined. Figures 20, 21, and 22 will show the shapes that will be formed when each piece is 

rolled. 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 20: Based cylinder before 

cut. This is the cylindrical shape 

that will be formed when the short 

ends of the flat based cylinder are 

joined. 

 

Figure 21: Conical hood before cut. This is 

the conical shape that will be formed when 

the short ends of the flat conical hood are 

joined. 

 

Figure 22: Exhaust cylinder before cut. 

This is the cylindrical shape that will be 

formed when the short ends of the flat 

exhaust cylinder are joined. 
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In order to join these sides together a scoring and slipping technique will be used. First, using a 

fork or a serrated scraper, both edges will need to be scored. Which means creating a hatched 

pattern as seen below in Figure 23. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

After both edges are scored, slip must be applied to each edge. In order to do this, apply a little 

water to the scored edges to allow the edges to stick together. It is important to apply the same 

amount of water to each edge when applying slip. Figure 24 below depicts what slipping the edges 

will look like. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Once both edges are slipped, press the edges together and then use a small coil of clay to seal both 

sides of the newly joined edges by pressing the clay firmly into the crack, as seen in Figure 25 

below. 

Figure 23: Scoring Technique. Demonstrates what 

scoring the edges with a serrated scraper looks like. 

(Flye 2011). 

 

Figure 24: Slipping Technique. Demonstrates what slipping the 

edges with water looks like. (Flye 2011). 
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Once the short edges of all three parts are joined together allow the clay to dry for 1-2 hours. Next 

using the same scoring and slip technique join the three parts together, with the larger diameter of 

the cone being joined to the base cylinder and the smaller diameter of the cone being joined to the 

exhaust cylinder. After allowing the clay to dry for another 1-2 hours, use a knife to cut the front 

face of the conical hood and base cylinder off. Then using the same knife, cut the five ellipses out 

of the base cylinder in order to create handles and cut down on weight. Set the clay prototype aside 

and allow to dry for at least 48 hours. Then place the prototype in a kiln and fire to cone 06, which 

is about 1830 degrees Fahrenheit. After the prototype is fired it is complete. 

 

 
Table 8. The standard red clay proposed for the prototype of the ceramic enclosure. 

ASSEMBLY NAME MATERIAL TYPE RAW STOCK 

SIZE 

OPERATIONS 

Modular Cookstove 

Enclosure 

Standard red clay with 

grog 

150 lbs Molding 

Firing 

 

Figure 25: Joining the edges. Demonstrates 

how to use a coil of clay in order to seal the 

newly joined edges. 
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8.2 Analysis 
 

Understanding the interactions of cookstove emissions with the ceramic material is vital for 

conceptualizing a design that can effectively decrease toxin exposure.  The process that drives 

noxious emission reduction is called adsorption. 

Molecules can either be adsorbed through 

chemisorption or physisorption. In the 

chemisorption process, adsorbed molecules 

occupy certain adsorption sites due to valence 

bond linkages, hence allowing only for 

monolayer adsorption. On the contrary, 

physisorption occurs when the adsorbed 

molecules become physically fastened to the 

adsorbent by weak van der Waals forces, which 

make multilayer adsorption in the material’s 

micropores possible at high pressures (IUPAC, 

2001). Figure 26 helps to visualize the physical 

adsorption of molecules in pore sites. In the 

application of this project, molecules from the 

emissions will undergo physisorption, so long as 

micropore sites are large enough to hold carbon 

monoxide, carbon monoxide, and NOx 

molecules. The sizes of these molecules in 

angstroms are 3.7, 3.3, and approximately 3.6 respectively (Freude, 2004). The weak 

intermolecular forces can be easily broken at relatively high temperatures, but the sites at which 

adsorption will take place is sufficiently far away from fire. As the pore space is taken up over 

time, the ceramic device will eventually need to be taken to a safe location and left in the heat of 

the African sun to heat up. Alternative safe cleaning methods are still being explored, but placing 

the piece back into a kiln is not recommended, as the elements are too extreme and would cause 

material degradation. 

 

An analysis of common Kenyan cooking practices was completed in order to ensure that the 

Modular Ceramic Enclosure will not hinder customer’s abilities to cook their desired meals. Table 

9 below outlines the cooking requirements for the most popular meals found in Kenya. The 

research indicates that the maximum required temperature for their meals is 350˚F, so it will be 

important to ensure the device allows for this temperature to be maintained. It is essential to know 

the equipment required for each meal as well, since the dimensions of the device must be large 

enough to fit any pot or pan used by the customer. Based on the dimensions of the Modular 

Cookstove Enclosure, a pot as deep as 38cm and as wide as 53cm would fit comfortably on the 

cookstove, which is confirmed to satisfy the majority of expected meals.  

Figure 26: Representation of monolayer vs. multilayer 

physisorption. Part A is the anticipated process for this 

application, whereas Part B would occur in higher 

pressure scenarios                                                       

(Micromeritics Instrument Corporation, 2017).  
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Table 9. Nine of the most common meals found in Kenya are analyzed to ensure that design specifications 

allow for maximum adoption of Modular Cookstove Enclosure (Whats4eats, 2018). 

 

8.3 Material and Material Selection Process 
 

The preliminary prototype utilized a combination of steel and clay components; it was originally 

thought to be an ideal design for a modular ceramic attachment to the original Jiko stove. After 

careful consideration, it became clear that joining the metal to ceramic would be difficult for a 

number of reasons, and it would greatly reduce structural stability. One complication resides in the 

assumption that ceramic and metal workers in Kenya may not always be able to conveniently 

cooperate in constructing multi-component designs. The level of coordination required to 

successfully assemble such a piece would leave much room for error. With only two contact points 

between the steel rods and the ceramic hood, the potential for ceramic fracturing would 

significantly increase, and the metal would be exposed to water and relatively high temperatures, 

which would cause degradation in the material over time. Additionally, welding would be the 

favored method for conjoining the materials in Kenya; however, this is far from ideal given that 

the welding material would not sufficiently withstand the elements. The metal ring component 

begat additional complications because forging this shape would be entirely too difficult for 

Kenyan metal workers, and it would limit the universibility/compatibility of the device. 

 

Given the aforementioned concerns, designing a final product solely out of ceramic was decidedly 

the optimal approach, as it will minimize manufacturing complexity and the costs of material and 

labor. The type of clay to be used for the prototype was a standard red molding clay, purchased 

from Dick Blick Art Materials. However, based on past ceramic Jiko manufacturing methods, 

different types of clays are mixed together to achieve desired properties like plasticity, shrinkage, 

and strength. In Western Kenya, four soils are combined: a dark riverine highly plastic clay, a 

grey/white kaolinite clay that minimally shrinks and gives greater hardness, a sandy soil to enable 

fast, even drying due to larger grain sizes, and an undisclosed clay that allows the clay to dry 

immediately in the sun without cracking (Kinyanjui and Childers, 1983). Adding either sand or 

grog to the clay is a common practice to increase strength and porosity of the clay. With the 

assumption that these soils are available and still used by Kenyans, clays with similar properties 

as those described above will be sought. A variety of clay samples will be purchased and outlined 

in Section 8.7, and they will be used for testing their adsorptive capabilities. Upon the analysis of 

test results, a clay or a combination of clays will be chosen for prototype implementation. The 
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Figure 27. SolidWorks model of a Jiko 

Cookstove. The primary dimensions of the 

stove are a width of 31cm and height of 

23cm. 

Modular Cookstove Enclosure is expected to have a greater weight than desired, but its feasibility 

and future modifications will be further assessed after consultation with a ceramics expert from 

Penn State.  

 

 

8.4 Component and Component Selection Process 
 

In Figure 29 below, the prototype features seven slits in the shape of ellipses. Five of these cutouts 

are vertically designed and two of them are horizontal. These cutouts were featured in the prototype 

to decrease the weight of the ceramic device and to be used as handles to move the ceramic device. 

The top of the prototype is a conical shape that features a cylindrical piece at the very top. The 

conical design was picked in order to increase the surface area and the circular hole allows any 

smoke given off by the cookstove to escape, after passing over the ceramic material. The circular 

hole does not trap the air around the cookstove, which could lead to the eventual dampening of the 

fire. The arch, also shown in Figure 29, was designed because of the need to have access to the 

cookstove in the ceramic the device, so the open bottom was believed to lead to support issues of 

the conical top overhanging. But the arch has the benefit of allowing the user to have an easy view 

inside the pot or pan that they are using to cook, please refer to Figure 19 below to see the prototype 

with the cookstove and pot inside. This means the user won’t have to move the ceramic device 

during the cooking process in order to stir or flip the food while it is on the stove. It was decided 

that constructing three separate pieces would be optimal when putting together the prototype 

because of the irregularity of the shape. Trying to construct the device in one piece would require 

an excessive amount of material and would overall complicate the process. The base must be 

constructed first in order to allow for sufficient drying time, which will give it stability when 

supporting the conical hood.  

 

8.5 CAD Drawings 
 

Figure 27 shows a SolidWorks model of the Jiko Cookstove, which was created for visualization 

purposes, ensuring the fit of the modular cookstove enclosure as seen in Figure 29. The cookstove 

has a total width of 31cm and a total height of 23cm. This model will be imported into an assembly 

with the primary design along with a pot for reference.  
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In order to show how a pot may fit into the assembly with our new concept, a large reference pot 

was created as seen in Figure 28. For simplicity, the pot model is just a hollow cylinder. The 

dimensions of the pot consist of an outside diameter of 53cm and total height of 38cm.  

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

The optimal concept, the modular cookstove enclosure, was created using SolidWorks as seen in 

Figure 29. The new design was created in an effort to improve the fourth concept, the ceramic 

adsorption hood. Improvements from the previous design include eliminating the use of metal as 

supporting material, increased compatibility in terms of stove sizes, increased adsorption due to 

surface area and the ability to cook with larger pots and pans. The cookstove fits within the 

enclosure concentrically, allowing for optimal cooking space due to an elliptical cut in the face of 

the ‘ceramic chimney’. Smoke that is created while cooking travels upward, in contact with the 

ceramic, and out of the conical top. The process acts similar to a funnel, keeping cook-smoke away 

from the user, while noxious emissions are reduced due to adsorption. Three rows of nine holes 

are in place along the base to allow for an excess of oxygen flow, and handles are incorporated on 

either side of the design. The base of the model has an outside diameter of 49cm and an inside 

diameter of 45cm, allowing for a 2cm thickness. The base opening is cut at 130 degrees, leaving 

230 degrees of the base for support. The vertical base has a height of 54cm and the conical top has 

a height of 23.3cm, totalling 77.3cm for the height of the design.  Refer to Appendix C for more 

detailed drawings. 

 

 

 

 

 

 

 

 

 

 

 

Figure 28. Large reference pot. The pot model 

was created to show the maximum dimensions 

of a pot that still fit within the design. 
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8.6 Test Procedure 

 

Controlled Burn: 

A controlled burn will be conducted using the Kenya Jiko stove provided by the project sponsor. 

The controlled burn will utilize three different fuel sources: biomass, charcoal, and wood. These 

three fuel sources will be ignited separately inside of the ceramic basin in three different burn 

iterations. Burning the different fuel sources will facilitate qualitative analysis of the Kenya Jiko 

stove operation. More specifically, the controlled burn iterations will help identify the amount of 

smoke emitted from operating the stove, which can be used to assess the levels of pollution 

produced from each type of fuel. 

  

The levels of pollution produced from the fuel sources may be qualitatively understood through 

opacity assessment. Opacity is the visual measure of the amount of light that is blocked by the 

visible emissions (Alaska Department of Environmental Conservation, 2014). This qualitative 

measurement of opacity relates the levels of suspected pollution emitted from the blaze to the 

visible smoke. The more opaque the smoke emitted by the fuel sources, the higher the levels of 

pollution. Using this analysis method will ensure a better understanding of the operation of the 

Kenya Jiko stove and may inform design decisions. 

  

Controlled Burn with Thermal Analysis: 

A controlled burn with a thermal analysis will be conducted following the initial burn testing. This 

examination mimics the basic controlled burn method used prior. Thermal analysis will be 

Figure 29: The modular hood enclosure brings together the best aspects of our design process, including emissions 

redirection and adsorption. The leftmost image shows the design by itself, sitting upright. The entire device is 

made out of ceramic/clay, so that it may be easily produced in Sub-Saharan Africa. The enclosure consists of a 

cylindrical body piece and a conical top leading to an opening for smoke to escape. As smoke is produced and 

travels upward, adsorption properties in the clay decrease noxious emissions and keeps the smoked away from 

the user. The center image portrays a front-view of the addition, with an actual cookstove model and a large pot 

for reference. Clearly, there is ample room for cookware with space left over to tend to the dish that is being 

cooked. The rightmost image displays an isometric view of the design and enclosed cookstove. The base of the 

model has an outside diameter of 49cm and an inside diameter of 45cm, allowing for a 2cm thickness. The base 

opening is cut at 130 degrees, leaving 230 degrees of the base for support. The vertical base has a height of 54cm 

and the conical top has a height of 23.3cm, totalling 77.3cm for the height of the design. Refer to Appendix C for 

more detailed engineering drawings. 
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conducted using a high accuracy infrared laser thermometer with a data acquisition system. The 

proposed infrared laser thermometer for the assessment is the Omega Dual Laser Infrared 

Thermometer due to its appropriate temperature range and high accuracy (OMEGA, 2018). 

  

This thermometer will be used to take temperature measurements over the duration of the 

controlled burn. The temperature measurements will be compiled in the data acquisition system 

and analyzed to identify temperature trends throughout the burn. Assessing the trends can help 

ensure that the cooking temperature requirements are met for common Kenyan dishes and identify 

areas for improvement. Additionally, this testing method will be replicated following prototyping 

the ceramic enclosure in order to quantify improvements in fuel efficiency. 

  

Surface Area Testing: 

Surface area testing is a material testing mechanism suitable for clays and ceramics. This testing 

method employs the Brunauer, Emmett and Teller (BET) theory to identify the adsorption, 

porosity, and surface area of a material (Particle Technology Labs, 2018). The surface area test 

will aid in selecting the optimal clay to use for the ceramic enclosure for the Kenya Jiko stove. A 

clay with higher adsorption levels and porosity will be the optimal for capturing the emitted toxins 

from operation of the Jiko stove. The surface area testing will be conducted in the Penn State 

University Materials Characterization Lab using the ASAP 2020 Automated Surface Area and 

Porosity System (Penn State Materials Research Institute, 2018). 

 

Due to the time constraints for designing and prototyping the ceramic enclosure for the Kenya Jiko 

stove, the sample size will remain low. Two samples were chosen to best replicate clays found in 

sub-Saharan Africa. Additionally, the surface area testing will only be conducted once for each 

sample due to budgetary and time constraints.  

 

This testing mechanism will be employed to identify the optimal clay for manufacturing the 

prototype. The surface area testing will be conducted using a white powder clay and a solid 

conglomeration of a red clay, white clay, and sand qin the ASAP 2020 Automated Surface Area 

and Porosity System. Each material can only be tested for surface area only using Nitrogen (N2) 

and Carbon Dioxide (CO2) due to limited capabilities of the ASAP 2020. The process of using this 

equipment begins with weighing a sample size of approximately 200-500 mg and an empty test 

tube separately, then measuring the combined weight along with a seal frit to close the tube. This 

data is given to the ASAP 2020 software, after selecting the correct testing procedure. For an initial 

period of two to five hours depending on its composition, the sample is degassed in a vacuum to 

remove all CO2, H2O, and other volatile compounds. Once the sample is completely degassed, the 

tube is transported to the analysis region of the machine. A thermal jacket is placed over the tube 

to maintain a constant temperature. The analysis is performed inside a Dewar, or bath chamber, 

which holds a liquid nitrogen and ice water bath, which is utilized by N2 and CO2 respectively. 

Once the tube is secured, N2 or CO2 is injected at incremental pressures, and they occupy all 

possible surface area and pore sites in the material. Two tests were completed using N2 as the 

adsorbate, and one test was conducted using CO2 since the CO2 analysis took approximately seven 

hours, twice as long as the N2 test. After running each of the samples through the system, the data 

for the adsorption properties, porosity, and surface area will be generated, and they will be 

discussed later in Section 9.2. The sample that exhibits the greatest surface area will be 
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recommended to use for future prototyping, as it is expected to allow for greater monolayer 

adsorption, and hence potential adsorption of noxious emissions from the cookstove.  

  

School of Visual Arts: 

The Pennsylvania State University School of Visual Arts contains the proper facilities for 

producing the ceramics for the prototypes (Penn State College of Arts and Architecture, 2018). 

Prototyping of the Kenya Jiko stove ceramic enclosure is proposed to be conducted using the 

resources in ceramics studio. Specifically, the clay kilns and large workspace will be utilized to 

produce the ceramic enclosure prototype. The production of a prototype will prove beneficial for 

assessing numerous design measures including manufacturability and portability. 

 

Manufacturability of the prototype for the Kenya Jiko stove ceramic enclosure will be analyzed 

both qualitatively and quantitatively. Qualitative analysis will involve understanding the ease of 

generating one enclosure and noting difficulties throughout the manufacturing process. These 

potential difficulties may include maintaining the shape of the enclosure and fitting the enclosure 

into the kiln. The quantitative analysis of the manufacturability will encompass measuring and 

documenting quantities relating to the time required to form the clay, the time required to construct 

the enclosure, the duration of time in the kiln, and the final weight of the ceramic. Each of these 

measurements will assist in identifying possible redesign options to improve the manufacturing 

process. 

 

The portability of the current enclosure design will be assessed in a similar fashion as the 

manufacturability. On the qualitative level, the overall size of will be assessed (i.e. does it fit 

through a doorway, does it allow the stove to be removed easily, etc.) as well as the ease of 

transport. Qualitatively, the weight of the ceramic enclosure prototype will be recorded and 

compared to the target weight of 50 pounds. Again, these assessments will aid in identifying 

possible redesign modifications. 

 

 

8.7 Economic Analyses - Budget and Vendor Purchase Information 
 

The costs of manufacturing this product in the U.S. do not accurately reflect the costs that 

customers will accrue in sub-Saharan Africa. This is due to the uncertainty of clay material 

gathering. Since the the ceramics used are typically a conglomeration of scavenged clays and soils, 

it may be difficult to quantify the financial burden that these activities incur. Investigation of labor 

costs and costs for gathering materials is underway, and this will promptly be added to the Bill of 

Materials for complete product construction. The only incurred costs for this project thus far come 

from clay sample purchases and surface area testing at the Materials Characterization Lab. A total 

of 175 pounds of clay was purchased, but roughly only 125 pounds of clay was used. The total 

cost of this clay came to $180.52. The surface area testing at the Materials Characterization Lab 

roughly cost $200 for training and running a total of four tests.  
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9.0.1   Modifications to Statement of Work and DSR Sections 
 

9.0.1.1. Introduction 
 

No change 

 

9.0.1.2. Customer Needs 
 

No change 

 

9.0.1.3. External Search 
 

No change 

 

9.0.1.4. Engineering Specifications  
 

No change 

 

9.0.1.5. Concept Generation and Selection  
 

Chosen concept was changed to having holes for oxygen supply instead of slots. Dimensions of 

the model were changed as well. Images and related text were updated accordingly. 

 

9.0.1.6. System Level Design 
 

The images and text were updated to display the modifications made to the modular ceramic 

enclosure.  

 

9.0.1.7. Special Topics 
 

Updated BOM to reflect actual costs incurred through construction process. 

 

9.0.1.8 Detailed Design  
 

Updated manufacturing process plan to show what actions were taken to build prototype using 

original photos; BET Surface Area testing procedure was updated to show a better understanding 

of the testing process.   
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9.1 Construction Process 

 
The prototype was constructed in a ceramic studio on Penn State University Park’s campus. The 

first step in constructing the prototype is to use 25-pound clay bricks and a roller to make two 100 

x 70 x 1.5 cm cubic rectangles, as seen in Figure x. These rectangles will be used to create the 

cylindrical base and conical top of the prototype. If there is a time period where work needs to be 

stopped be sure to put the clay rectangles on a wood board and wrap the clay and wood board in 

plastic. This will help the clay hold its moisture. The manufacturing process plan states that 157 x 

78 x 2 cm clay rectangles will be created, but because of the size of the rollers in the ceramic studio 

this was not possible.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The next steps were to make stencil/support structures using cardstock. Again, while the not 

working with clay, wrap the clay in plastic so it holds its moisture. Two stencil/supports were 

made, one for the cylindrical base and one for the conical top. As seen in Figure 31, a 60 cm 

diameter circle was cut out of cardstock for the conical top. A straight line was cut through to the 

center of the cardstock circle and a 6.5 cm diameter circle was cut out of the center to create a pac-

man like shape. This stencil was then used to cut out the same size shape out of one of the clay 

rectangles, as seen in Figure 32. Painter’s tape was then used to join the cut sides of the pac-man 

like cardstock, in order to form a conical shape. This cardstock was then used a support for the 

clay conical top. At least four hands should be used to pick up the pac-man like shape made out of 

clay and place it on the cardstock support. The clay was then worked to lay flat on the support, 

before a long clay snake was used to fill the crack, as seen in Figure 33. In the future, a metal 

support would be used instead of cardstock because the cardstock was not strong enough to support 

the clay without the shape becoming warped.  

 

Figure 30: A roller was used to turn 25 lb clay bricks into two 

100 x 60 x 1.5 cm cubic rectangles of clay, which  were cut into 

the size and shape needed to build the base and conical top. 
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Figure 31: A 60 cm diameter stencil/support was made 

out of cardstock for the top hood piece. 

 

Figure 32: The conical top was cut into a pacman-like 

shape using the cardstock, before being laid onto the 

skeleton. 
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Next, a rectangle with the dimensions of 100 x 70 cm was cut out of cardstock to be a skeleton for 

the cylindrical base. Painter’s tape was used to join the two ends to create a cylinder. The last clay 

rectangle was picked up with at least four hands and wrapped around the cardstock skeleton. 

Painter’s tape should be used to create at least three belts to hold the clay to the cardstock cylinder, 

as seen in Figure 34. The sticky side of the tape should not be placed against the clay, so it should 

be facing out. In order to join the cylindrical base and conical top only the top two inches of the 

cylindrical base should be moist, so plastic was wrapped around only this portion of the base. The 

cardstock skeleton absorbed all of the moisture from the clay though, so the conical top was not 

able to be joined to the base because it was too dry. The conical top was then trimmed so that it 

was able to sit on top of the base to work around the base drying too quickly. 

 

Figure 33: A long snake was required to join the two sides; 

it should be firmly pressed into the crack and smoothed 

over on both sides. 
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A curved opening was then cut out of the conical top to allow access for stirring during the cooking 

process. This opening can be seen in Figure 35. The manufacturing plan discusses three 

components of the prototype, but after discussions with Tom it was decided to wrap snakes around 

the exhaust of the conical top instead of creating a third piece. The clay was then left to sit out 

uncovered for 48 hours before it was put in the kiln to be fired. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 34: Belts made from painter’s tape were used to 

support the structure against the base skeleton. 

 

Figure 35: Cylindrical base and conical top left out to dry 

before firing. 
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9.2 Test Results and Discussion 

When reporting BET surface area testing data, there is a standardized list of requirements that must 

be included in order for proper analysis of results. Of crucial importance is the denotation of the 

apparatus used for testing, which in this case was the ASAP2020 (V4.03 H). In the context of 

physisorption, it is important to classify pores according to their sizes; these tests analyze the 

micropores of the material, which is characterized by pores of widths less than 2 nm. A table of all 

other necessary information to report is outlined below, with the results for each respective 

category and test sample.  

 

 

 

 

 

 

 

 

 

 

Along with the data provided above, a BET plot that shows the relative pressure region, in this 

case, 0.05 to 0.3, must be included. Figure 36 below combines the results from both N2 and CO2 

surface area testing. The short, steep slope of the CO2 graph, along with the relatively low 

correlation coefficient, embody the invalidity of the BET method using CO2 as the adsorbate. The 

low BET Constant, C, also confirms this. The graph shows how all of the gas was adsorbed too 

rapidly, which detracts from gathering helpful results. However, the N2 isotherm provided more 

conclusive results, although, it does not exhibit characteristics of commonly known isotherms as 

it should. This is likely due to too small of a pressure range, which limits the amount of N2 that 

enters the system. Regardless, the strong correlation coefficient affirms the ability to, with relative 

accuracy, utilize the output data.  

 

 

Table 10: Synthesized results from ASAP 2020 Surface Area testing. A white kaolinite powder 

sample, Tenn 10, and a homemade solid sample, RKS, are both analyzed. Tests with N2 were 

more conclusive than those with CO2; the low C constant indicates invalidity for the BET test. 

The powder sample exhibited a greater surface area as expected. 
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The red clay, kaolinite, and sand solid (RKS) sample is the sample that resembles clay found/made 

in Kenya; however, it is important to note that the material was not fired in a kiln, it was heated in 

a conventional oven. The BET surface area when using N2 as the adsorbate was determined to be 

15.25 ± 0.03 m2/g. When this value is multiplied by the approximate mass of the conical hood, 20 

lbs., the estimated total surface area is found to be 138,631.65 m2. This is a promising availability 

of surface area, but it is important to also incorporate the relationship to available pore space.  

Figure 37 below illustrates the cumulative pore volume as a function of pore width for the same 

sample. The horizontal portion at the end of the graph shows how there are no pore sites larger 

than approximately 8 angstroms and that the maximum pore volume of 0.00103 cm3/g was 

reached. Given the small widths of the emission molecules, the pore sites seem plenty large enough 

for potential adsorption, but this data can help estimate the total available pores by using the 

specific pore volume to scale up to the actual size of the prototype; these calculations are provided 

below.  

 

Figure 36: Combined isotherm data for both N2 and CO2 surface area testing. CO2 as 

the adsorbate did not provide accurate data, but N2 was helpful in characterizing the 

sample. More tests should be run in the future in an attempt to replicate results and 

see precision in the ASAP2020 machine.  
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In order to conceptualize the adsorption capabilities of the tested material at a macro level, a 

calculation was done to determine the total anticipated pore volume of the conical hood. Given the 

tested clay sample size of 0.4707 g with a total pore volume of 0.00103 cm3/g of material, these 

values can be scaled up to reflect the anticipated volume of available pores when using 

approximately 20 lbs of material. Although the tested sample was not fired in a kiln like the 

prototype, the results are anticipated to be an overestimation, as the material would shrink and lose 

pore size. However, 20 lbs is equivalent to 9090.6 grams of material, which would lead to an 

expected pore volume of 9.363 cm3. Equation 1 shows the calculations to arrive at this answer.  

 

             20 lbs. of material *
453.52 g

1 lb
 * 

0.00103 cm3

g
 = 9.363 cm3                 (1) 

Based on a study on time use in sub-Saharan Africa published by the World Bank, women in rural 

areas that are 15 years or older spend about 9.2 hours per week cooking in their homes. (Blackden 

and Quentin [editors], 2006). According to the World Health Organization, given a 40m3 living 

space with an air change per hour rate (ACH) of 15, indoor air pollution concentrations of carbon 

monoxide (CO) from a typical wood-fired cookstove that burns 1 kg of fuel in 1 hour of cooking 

are 150 mg/m3 of indoor space, where 10 mg/m3 is the safety standard (World Health Organization, 

2014). Assuming that this spent time is relatively the same as in current practices, the data can be 

used to determine the total amount of CO emitted per week, which is estimated to be the total 

weekly exposure due to cooking. So, in a 40 m3 living space, where 9.2 hours of cooking is 

conducted per week, and the average CO concentration expected per hour of cooking is 150 mg/m3, 

the total amount of CO is expected to be 55.2 g in a period of one week. According to the Ideal 

Gas Law, at standard temperature and pressure: 0 ˚C and 1 atm (STP), 1 mole of gas occupies 22.4 

Figure 37: Cumulative pore volume as a function of pore width. The maximum 

specific pore volume was determined to be 0.00103 cm3/g, and there are no pore larger 

than approximately 8 Angstroms.  
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L of volume, which is equivalent to 22,400 cm3. Since carbon monoxide is the toxin of greatest 

concern, theoretical calculations are made with the assumption that only CO will occupy the pore 

space to simulate ideal conditions. The number of moles of CO is calculated to be 1.97 based on 

the 55.2 g emitted per week. Multiplying 1.97 moles by 22,400 cm3 gives the total volume 

occupied by CO, which is 44,144.23 cm3. This is shown in Equation 2 below.  

                  
22.4 L

1 mole
 * 

1000 cm3

1 L
 * 1.97 moles of CO = 44,144.23 cm3         (2) 

 

By simply dividing the solution from Equation 1 by the solution from Equation 2 and multiplying 

by 100, the anticipated percentage of CO captured by the available pore spaces can be determined. 

Equation 3 shows these steps, and based on the aforementioned assumptions, the theoretical 

percentage of CO captured was determined to be 0.02%. This is an extremely low percentage, 

which indicates the tested material’s inability to substantially reduce exposure to emissions, so 

future actions must be taken to increase available pore volume by mixing sawdust with the clay, 

as it will burn out after being fired in the kiln. 

                       
9.363 cm3

44,144.23 cm3
* 100 = 0.02%           (3) 

According to a study conducted in 2000 by the University of Princeton which compared emissions 

and residential exposure from traditional and improved cookstoves in Kenya, it was concluded that 

smoke emissions exhibit large levels of variability during the burning and smoldering periods, 

which indicates that average emission concentration by itself is not satisfactory in measuring actual 

health impacts, especially between different stove types. (Ezzati, M. et al, 2000). It was found that 

stoves like the Kenya ceramic Jiko stove decrease the average suspended particulate emissions 

when charcoal is used as a fuel; however, reductions are minimal when wood is burned. After 

conducting a test burn with a Jiko Stove and the prototype, a significant amount of particulate 

matter accumulated on the underside of the conical hood. Although the physical adsorption of 

toxins within the device is uncertain, the test proved that even when burning wood, the prototype 

exhibits great potential for reducing exposure to the suspended particulates from combustion. The 

soot in this case can be easily washed off by the user, but if the primary function of this device is 

redirected to facilitate the capture of particulates, the design should be reconsidered to reduce 

weight and material used. The issue with soot accumulation is that as these larger particles quickly 

occupy the available pore spaces, it will minimize the potential for adsorption of noxious emissions 

like CO. 

The only available location to run the test burn was outside of the ceramics studio on campus, so 

it wasn’t possible to replicate indoor conditions that would be experienced by the end user. Despite 

this, the device performed well even with substantial wind gusts, but this was only because the 

initially desired ventilation holes were unable to be cut out during the manufacturing process. It 

was beneficial that there were no holes because otherwise starting the fire would have been 

extremely difficult. Smoke escaped from spaces caused by disfigurations in the conical hood that 

appeared after being fired in the kiln, and these spaces likely allowed for sufficient airflow to be 

achieved. A support/skeleton should have been constructed out of a metal instead of the cardboard-

like material, in an attempt to provide greater stability for the drying pieces, as well as to minimize 
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the wicking of moisture. The cooking of a Kenyan dish, Sukuma Wiki, was performed to test the 

user-friendliness of the Modular Cookstove Enclosure. The device allowed for easy access to 

stirring the ingredients, but there was insufficient space for adding the ingredients, so it was 

necessary to remove the pot each time a new ingredient was required. This was a minor 

inconvenience given the substantial reduction of particulate exposure. One portion of the test that 

was not completed was running the thermal analysis using the infrared thermometer. There was 

insufficient time to properly set up and program the instrument; however, due to the success of the 

meal, it is safe to assume that the enclosure does not negatively affect the temperature requirements 

necessary for different meals.  

10.0 Conclusions and Recommendations 

 
Understanding the scope and importance of the problem at hand was the first step necessary to 

devising a plan for possible solutions. Given the consistent humanitarian efforts that are being 

made to help provide clean cooking solutions to those underprivileged in sub-Saharan Africa, 

developing a workable solution in the short time-span of a semester was a great challenge. This 

project is unique, as it sets the stage for future teams to build off of what has been accomplished 

thus far. Not only are all aspects of the engineering design process included, but also the 

continually growing list of cultural factors that must be appeased are researched and explored. 

There are many constraints, including access to materials, cost, convenience of use, ease of 

manufacturing and universality, that helped tailor the prototype design from its inception. After 

the creation of five concepts, each were analysed based on their abilities to satisfy the customer’s 

needs, and the Modular Cookstove Enclosure proved to be the most effective design. Given the 

time constraints, only one physical prototype was able to be constructed, which limited the analysis 

of its functionality, especially when the actual manufacturing was much more difficult than 

building the Solidworks model. Due to complications in the ceramic studio, the final prototype did 

not turn out as expected, which raises concerns for manufacturability in sub-Saharan Africa. 

However, it is likely safe to assume that a ceramics expert would not have as many difficulties. 

Despite this, the sheer size of the design would likely deter consumers from purchasing this, as it 

may be too much of a hassle to construct and transport for what it is worth to them. While 

simultaneously attempting to understand all of the cultural factors that are incorporated in this 

problem, it was necessary to perform BET Surface Area and pore size distribution tests to explore 

the adsorption capabilities of different ceramics. Again, due to time constraints, only three tests 

were able to be run in the Materials Characterization Lab. The tested sample of concern was a 

homemade conglomeration of red clay, white kaolinite, and sand, which when combined exhibit 

similar clay characteristics that would be sought in sub-Saharan Africa. The results indicate that 

the anticipated pore volume would not allow for substantial reduction of noxious emissions, as a 

theoretical calculation indicates that only 0.02% of emitted carbon monoxide would even fit within 

the material, even with the drastic assumption that CO is the only product of combustion. Viability 

of this design can be possibly achieved if actions are taken to increase the available pore volume; 

one recommendation is to make a clay material that is mixed with an organic material like saw 

dust or moss, which would burn away in the kiln and open up additional pore space. Similar testing 

should be done with this new material in order to compare to the results found above; this would 

help truly determine the feasibility of the design. An additional recommendation is to perform an 

elemental analysis of biofuel samples that are directly from Kenya by burning them and 

determining the percent composition of each product. Understanding at a deeper level the true 
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components of combustion will facilitate an easier determination of prototype functionality. This, 

coupled with a surface area and pore size distribution test of the prototype material before and after 

a test burn, would help indicate which toxic emissions are actually adsorbing to the device, if at 

all. Given that the Material Characterization Lab has the potential to run surface area tests with 

CO as the adsorbate, future teams should work with the lab to help calibrate the ASAP 2020 in 

order to make this test possible. Running these same tests with CO would better solidify 

estimations for adsorption potential. With regard to the construction process, it is recommended 

that future teams begin working with clay as soon as possible to become familiar with the 

manufacturing requirements and to have more time to run multiple iterations of the protoyping 

phase. In addition to this, it would be optimal to have a ceramics specialist on the team, but if this 

is infeasible, then expert help should be arranged for aiding the manufacturing process. Alternative 

designs should be considered regarding material selection for the cylindrical base; replacing the 

ceramic with a cheap metal material should be explored as an attempt to decrease weight and 

potentially cost. If utilizing solely ceramic remains a specified goal, supports/skeletons should be 

constructed out of metal instead of a cardboard material. This would ensure greater stability during 

the drying process, and if the base is able to be supported before it completely dries, there would 

be a greater possibility for successfully joining the conical hood to the base. Approximately 24 

hours is the recommended drying time for the base as opposed to close to 72 hours. As the 3-D 

printing of ceramics becomes more prevalent, future teams should keep this in mind when 

designing their prototypes. Not only will these resources become more available at Penn State in 

the coming years, but such capabilities may soon be available in developing regions of the world 

as well. Overall, given the broad project scope with limitless directions that could have been taken, 

it is vital to remember the importance of time management and prioritization of tasks when tackling 

a project like this one. Progress can only be made when tasks are handled one step at a time with 

cooperation from all group members alike. This project is in a great position to be expanded upon, 

as each aspect has a foundation of research and the mistakes made during this process have been 

documented to avoid repetition in the future. 
 

11.0 Self-Assessment 

 

11.1 Customer Needs Assessment 
 

The customer needs identified as essential for the design of the ceramic enclosure for the Kenya 

Jiko stove were assessed following the production of a prototype. These customer needs were 

assessed during a controlled test burn utilizing the prototype and ranked below in Table 11.  
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Table 11: The rating of the ability of the ceramic enclosure to satisfy identified customer needs. Each customer 

need identified in section 2.0 was assessed during the test burn process using the ceramic enclosure. The 

satisfaction of each need is ranked on a scale from 1 to 10. A ranking of 1 being the lowest and 10 being the 

highest.   

Customer Need Rating* 

Ceramic Device is Safe to Use 7 

Ease of Manufacturing 3 

Ceramic Device is Affordable 5 

Ceramic Device is Durable 3 

Ceramic Device is Portable 6 

Ceramic Device is Universal 6 

*Ratings are on a scale of 1 to 10. Higher ratings correspond to better 

performance (i.e. a rating of 10 means the need was perfectly satisfied, 

whereas a rating of 1 means the need was not satisfied at all).    

 
Safety (7/10): The ceramic enclosure for the Kenya Jiko stove approximately satisfied the 

customer safety requirement. This requirement was critical in the design of the enclosure 

to ensure that customers could utilize the product with negligible adverse effects to health. 

Design factors for minimizing health concerns included ensuring that the ceramic enclosure 

remained safe to touch throughout the cooking process as well as its overall ability reduce 

noxious emissions from the fuel source. The ability to safely come into contact with the 

enclosure during the operation of the Jiko stove was affirmed during the test burning. 

Throughout the duration of the test burn, the entire exterior of the ceramic enclosure 

maintained a temperature that was safe to touch. With that said, the safety requirement 

could not be fully satisfied due to the ceramic enclosure’s overall inability to adsorb 

noxious emissions. Based on sample calculations using surface area test results from the 

Materials Characterization Laboratory, the enclosure could theoretically only capture 

0.02% of the carbon monoxide. 

  

Ease of Manufacturing (3/10): The ceramic enclosure for the Kenya Jiko stove was unable 

to satisfy the ease of manufacturing customer need. Manufacturing simplicity was 

identified as a customer need due to the desired adoption and availability of the product. 

An easy to produce enclosure would facilitate incentive for customers to invest in the 

product and the willingness of manufacturers to craft the product. Unfortunately, this 

identified customer requirement was unable to be satisfied with the current design and 

manufacturing process. The current design realized challenges regarding material 

requirement, production time, and skill level requirement.  
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The amount of material required to generate the ceramic enclosure for the Kenya Jiko stove 

under the initial design specifications proved excessive. This initial iteration expended 

approximately 70 pounds of wet red clay and employed numerous processing tools. The 

robust weight of clay used to produce the prototype resulted from the overall density of the 

clay, design flaws, and liberal material usage. The density of the clay employed to produce 

the ceramic enclosure proved excessive, however it could have been reduced by using 

additives such as moss or saw dust. Additionally, the density of the clay resulted in a longer 

time required for drying and shaping the clay due to the water content. Similarly, the 

production required extensive knowledge of ceramics and clay drying times. This was 

identified as an issue relating to joining the ceramic base to the ceramic hood, which could 

not be accomplished on this prototype.  

  

Affordability (5/10): The ceramic enclosure for the Kenya Jiko stove moderately satisfied 

the identified affordability customer requirement. Affordability was an important design 

consideration due to the economic stability and well-being of the Kenyan population. The 

ceramic enclosure must have minimal production costs in order to encourage customers to 

purchase it and to ensure a maximum availability. Based upon the prototype material and 

facility usage, the estimated production cost proves greater than desired. Since 

approximately 70 pounds of clay was used in production, the material cost is undoubtedly 

greater than the desired $8 specified by the design requirements. The total material cost for 

the 150 pounds of clay was approximately $110, which means that an estimated $55 of 

clay was used in making the prototype. However, due to the liberal use of clay – much of 

the 70 pounds clay went to waste – only 40 pounds of wet clay were used for the enclosure 

itself. This means that the ceramic enclosure cost an estimated $31 in materials to produce, 

which is $23 greater than the target of $8. Despite the high material cost associated with 

the prototype production, there are numerous possibilities to further reduce the cost. These 

possibilities include but are not limited to: adding biomass additives to wet clay to decrease 

density, eliminating material shipping costs, and using a different base material.  

 

Durability (3/10): The ceramic enclosure for the Kenya Jiko stove was unable to satisfy 

the customer need of durability. Durability of the enclosure was identified as a customer 

need due to customer budgetary constraints and the requirement of product longevity. 

Ensuring that the ceramic enclosure could withstand frequent usage and unforeseen 

potential for damage (i.e. dropping or knocking over) was an important design 

consideration which would alleviate customer reservations about investing in the 

enclosure. This customer need, however, proved difficult to satisfy due to the material 

selection of the enclosure. Ceramics characteristically have potential to exhibit adsorption 

capabilities, but they are also extremely brittle. The brittleness of ceramics makes them 

easy to chip, crack, and shatter when contacted by an external force. Thus, the selection of 

ceramic for the enclosure of the Kenya Jiko stove presented a compromise between 

adsorption capabilities and durability. A potential redesign consideration to increase the 

durability may include exploring different base materials in order to combat structural 

issues such as cracking.  

   

Portability (6/10): The ceramic enclosure for the Kenya Jiko stove moderately satisfied the 

portability requirement for customers. Portability was recognized as a customer need due 
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to the known uses of the Jiko stove in Kenya. In order to ensure that the ceramic insert 

appeals to customers, it must exist as complimentary feature to the stove rather than an 

inferior one. This means that the ceramic insert must be able to be relocated inside of the 

home with minimal effort. The identified portability requirement was not completely met 

by the ceramic enclosure prototype due to its overall weight and comfort of carry. Both the 

weight of the ceramic enclosure and its awkward shape hindered its mobility. However, 

the two-part design enhanced the enclosure’s portability since it reduced the difficulty to 

relocate it as well enabled numerous storage options.  

 

Universality (6/10): The universality requirement of the ceramic enclosure for the Kenya 

Jiko stove was moderately satisfied. Universality was identified as a requirement due to 

the varying stove sizes and cookware dimensions utilized in Kenya. The ceramic enclosure 

needed to be able to house a majority of cookstove and cookware dimension variations. 

This design consideration would enhance the manufacturing capabilities and production 

rates of ceramic enclosures by eliminating the need for customization. The prototype 

generated from the dimensional specifications was able to fit both the Jiko stove and a 

medium sized pot with minimal difficulty; however, the ability to check inside of the pot 

during cooking was greatly reduced. For this reason, the enclosure did not fully satisfy this 

customer need. Increasing the height of the base would greatly enhance the ability of the 

enclosure to satisfy the customer need of universality. 

 

11.2 Global and Societal Needs Assessment 
 

The global and societal needs that were deemed the most important for the design of the ceramic 

enclosure for the Kenya Jiko stove were assessed upon completion of the prototype. The needs 

were gauged by considering the impact of the ceramic enclosure on a global scale and are ranked 

below in Table 12. 

 
Table 12: The rating of the ability of the ceramic enclosure to satisfy identified global and societal needs. Each 

global/societal need was assessed after the completion of the prototype. The satisfaction of each need is ranked 

on a scale from 1 to 10. A ranking of 1 being the lowest and 10 being the highest. 

Global/Societal Need Rating* 

Environmental Impact 6 

Sustainability 8 

Addresses Basic Human Needs 7 

*Ratings are on a scale of 1 to 10. Higher ratings correspond to better 

performance (i.e. a rating of 10 means the need was perfectly satisfied, whereas 

a rating of 1 means the need was not satisfied at all).    
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Environmental Impact (6/10): The ceramic enclosure for the Kenya Jiko stove moderately 

satisfied the environmental impact requirement. In order for the ceramic device to rank as 

a 10, it would have to be environmentally friendly to produce and adsorb a large portion of 

cookstove emissions. Although the ceramic enclosure was primarily made to address 

indoor conditions harming humans, the adsorption of noxious emissions would also have 

a positive effect on the environment. The reason the ceramic enclosure ranked as 6 is 

because the manufacturing process is not entirely eco-friendly and the device does not 

adsorb emissions in enough quantity. With the current manufacturing process, the ceramic 

enclosure must be kiln fired, which uses fuel to dry and harden the clay. On a global scale, 

the kiln process would be harmful to the environment. In the future, sun drying the ceramic 

enclosure as opposed to kiln firing may pose as a method to reduce burning fuel. On top of 

this, the enclosure theoretically can only adsorb 0.02% of the carbon monoxide produced, 

which is nearly negligible. Increasing pore size and surface area may lead to the devices 

ability to adsorb additional emissions, allowing a more positive environmental impact. 

 

Sustainability (8/10): The ceramic enclosure for the Kenya Jiko stove approximately 

satisfied the sustainability requirement. In order to receive a perfect score, the device would 

have to be made and produced using sustainable materials and processes. In this case, the 

clay that is used to create the device is definitely sustainable, but the fuel used to fire the 

clay in the kiln is not sustainable. On a global level, producing enough ceramic closures 

for people who own cookstoves would involve millions of kiln firings. The reason the 

sustainability requirement is ranked as an eight is due to the potential to be entirely 

sustainable. In the future, the ceramic enclosure can be molded and then sun dried, 

eliminated the need to burn fuel. If this is achieved, there would be nothing involved in the 

manufacturing process that is not sustainable.  

 

Basic Human Needs (7/10): The ceramic enclosure for the Kenya Jiko stove nearly 

satisfied the basic human needs requirement. Being able to cook and eat food safely is a 

basic human need. In order to rank as a perfect 10, the ceramic device would have to 

decrease the emissions that Kenyans inhale while cooking indoors by a significant amount. 

Along with this, the device should not hinder the cooking process. Although the ceramic 

enclosure proved to adsorb much less carbon monoxide than hoped for (0.02% of CO 

produced), there is still potential for the future. Mixing sawdust into the clay could increase 

porosity and therefore increase adsorption. On top of this, the additional of this device 

would never add to emissions and may even channel smoke away from the users face. In 

terms of cooking, the device is easy to incorporate, but the user does need to move the pot 

frequently to add ingredients. Allowing for a larger opening in the future would increase 

the ranking for the basic human needs requirement. 

 

 

 
 

 



55 

 

References  
 

1. African Clean Energy. African Clean Energy, n.d. 2018.Web. 10 Feb. 2018. 

<http://www.africancleanenergy.com/>. 

2. Bailis, R., Ezzati, M., and Kammen, D. M. (2003) “Greenhouse gas implications of 

household energy technology in Kenya,” Environmental Science & Technology, 37 (10), 

2051-2059. 

3. BitMaxim. Dr TLUD. N.p., 2017. Web. 11 Feb. 2018. <http://www.drtlud.com/>. 

4. BURN Manufacturing Launches New Cookstove Factory in Kenya, Dir. Peter Scott. 

BURN, 25 Oct. 2014. Web. 2018 Feb. 10. 

<https://www.youtube.com/watch?v=HRx2BhrJp3o> 

5. Carbon-Monoxide-Questions-and-Answers. (2016, September 06). Retrieved February 13, 

2018<https://www.cpsc.gov/Safety-Education/Safety-Education-Centers/Carbon-Monoxide-

Information-Center/Carbon-Monoxide-Questions-and-Answers> 

6. Crow, K. (n.d.). Customer-Focused Development with QFD. Retrieved February 13, 2018, 

from http://www.npd-solutions.com/qfd.html 

7. Colorado Web Design. "Wood Camping Stoves | Wood Cookstoves | Wood Kitchen 

Stoves." Envirofit. Envirofit, 2018. Web. 10 Feb. 2018. 

<https://envirofit.org/product/cookstoves/supersaver-gl-wood/>. 

8. DeFoort,Morgan W. , Lorenz,Nathan, Mizia,John ,  Prapas,Jason, Dischino,Kevin 

Inventor;Colorado State University Research Foundation, assignee US patent 

September11,2014 

9. Ezzati, M., Kammen, D.M. (2002) “Evaluating the health benefits of transitions in 

household energy technology in Kenya.” Energy Policy 30:815–826. 

10. Ilse Ruiz-Mercado, Omar Masera, Hilda Zamora, and Kirk R. Smith, “Adoption and 

sustained use of improved cookstoves,” Energy Policy 39, No. 12 (2011), 7557-7566. 

11. International Energy Agency (IEA), Energy Access Outlook, OECD/IEA, 2017.  

12. Jacobs, Sidney Inventor; Jacobs, Sidney assignee. US patent June 6, 2001 

13. Kammen, D. (2003) “Healthy Stoves and Fuels for Developing Nations and the Global 

Environment,” Energy and Resources Group, University of California Berkeley 

14. "Our Stoves." BURN. BURN, n.d. Web. 10 Feb. 2018. <https://burnstoves.com/stoves/>. 

15. Prasser, Robert Henry Inventor; Hydro Hoods Corp assignee US patent October 19, 1993 

16. Stoves, Wisdom. "Our Cookstoves." Our Cookstoves | Wisdom Stoves. N.p., 2015. Web. 10 

Feb. 2018. <http://www.wisdomstoves.org/ourstove.html#charcoal3>. 

17. Vandewoestine, Robert Vernon, Albertsen, Peter S. Inventor Corning Inc assignee April 2, 

1980. 

18. Kinyanjui, M., and Childers, L., 1983. “How to make the Kenya Ceramic Jiko,” Ministry of 

Energy, Nairobi, Kenya. Retrieved from http://pdf.usaid.gov/pdf_docs/PNAAX821.pdf 

19. "Chemisorption and Physisorption," 2002. [Online]. Available:  

http://old.iupac.org/reports/2001/colloid_2001/manual_of_s_and_t/node16.html. 

20. Freude, D., Oct. 2004. “Size, Mass and Kinetics of Molecules” In: Molecular Physics, 

University of Leipzig. Retrieved from: http://home.uni-leipzig.de/energy/freume.html 

21. “Whats4eats” 2018. International Recipes and Cooking Around the World, Retrieved from 

www.whats4eats.com    

https://www.cpsc.gov/Safety-Education/Safety-Education-Centers/Carbon-Monoxide-Information-Center/Carbon-Monoxide-Questions-and-Answers
https://www.cpsc.gov/Safety-Education/Safety-Education-Centers/Carbon-Monoxide-Information-Center/Carbon-Monoxide-Questions-and-Answers
http://pdf.usaid.gov/pdf_docs/PNAAX821.pdf
http://old.iupac.org/reports/2001/colloid_2001/manual_of_s_and_t/node16.html
http://home.uni-leipzig.de/energy/freume.html
http://www.whats4eats.com/


56 

22. Alaska Department of Environmental Conservation, "Division of Air Quality," 2014. 

[Online]. Available: http://dec.alaska.gov/air/anpms/comm/docs/fbxsippm2-

5/open_house_opacity.pdf. 

23. OMEGA, "Dual Laser Infrared Thermometer," OMEGA, 2018. [Online]. Available: 

https://www.omega.com/pptst/OS758-LS.html. 

24. Particle Technology Labs, "BET Surface Area Analysis," 2018. [Online]. Available: 

https://www.particletechlabs.com/analytical-testing/gas-adsorption-porosimetry-

analyses/bet-specific-surface-area. 

25. Penn State Materials Research Institute , "Surface Area," The Pennsylvania State 

University, 2018. [Online]. Available: https://www.mri.psu.edu/materials-characterization-

lab/characterization-techniques/surface-area. 

26. Penn State College of Arts and Architecture , "Ceramic Faculty and Students Design and 

Build New Kiln From Recycled Materials," The Pennsylvania State University, 2018. 

[Online]. Available: https://sova.psu.edu//story/ceramic-faculty-and-students-design-and-

build-new-kiln-recycled-materials 

27. Flye, R., (2011) “The Two Rules of Joining Clay”. Retrieved from 

http://flyeschool.com/content/two-rules- joining-clay 

28. Sing et al. 1984. Reporting Physisorption Data For Gas/Solid Systems with Special 

Reference to the Determination of Surface Area and Porosity. Pure & Appl. Chem., Vol. 57, 

No. 4, pp. 603 - 619. 

https://www.researchgate.net/profile/Behzad_Shiroud_Heidari/post/Why_is_the_hysteresis_

loop_broad_in_N2_adsorption_desorption_isotherm_of_type_IV/attachment/59d61fc47919

7b807797e35f/AS%3A286661301817347%401445356788853/download/Reporting+physis

orp  

29. Ezzati, M. et al. Comparison of Emissions and Residential Exposure from Traditional and 

Improved Cookstoves in Kenya. Environ. Sci. Technol. 2000, 34, 578-583. 

http://cleancookstoves.org/binary-data/RESOURCE/file/000/000/15-1.pdf 

30. Blackden, C. Mark [editor]; Wodon, Quentin [editor]. 2006. Gender, time use, and poverty 

in Sub-Saharan Africa (English). World Bank working paper ; no. 73. Washington, DC: 

World Bank. http://documents.worldbank.org/curated/en/473591467990333534/Gender-

time-use-and-poverty-in-Sub-Saharan-Africa 

31. “Interventions to Reduce Indoor Air Pollution.” World Health Organization, World Health 

Organization, 13 Nov. 2014, http://www.who.int/indoorair/interventions/antiguamod21.pdf 

32. Micromeritics Instrument Corporation. 2017. Adsorption and Temperature Programmed 

Methods [provided by PSU MCL] 

 

 

 

 

 

 

 

 

 

 

 

https://sova.psu.edu/story/ceramic-faculty-and-students-design-and-build-new-kiln-recycled-materials
https://sova.psu.edu/story/ceramic-faculty-and-students-design-and-build-new-kiln-recycled-materials
https://www.researchgate.net/profile/Behzad_Shiroud_Heidari/post/Why_is_the_hysteresis_loop_broad_in_N2_adsorption_desorption_isotherm_of_type_IV/attachment/59d61fc479197b807797e35f/AS%3A286661301817347%401445356788853/download/Reporting+physisorp
https://www.researchgate.net/profile/Behzad_Shiroud_Heidari/post/Why_is_the_hysteresis_loop_broad_in_N2_adsorption_desorption_isotherm_of_type_IV/attachment/59d61fc479197b807797e35f/AS%3A286661301817347%401445356788853/download/Reporting+physisorp
https://www.researchgate.net/profile/Behzad_Shiroud_Heidari/post/Why_is_the_hysteresis_loop_broad_in_N2_adsorption_desorption_isotherm_of_type_IV/attachment/59d61fc479197b807797e35f/AS%3A286661301817347%401445356788853/download/Reporting+physisorp
https://www.researchgate.net/profile/Behzad_Shiroud_Heidari/post/Why_is_the_hysteresis_loop_broad_in_N2_adsorption_desorption_isotherm_of_type_IV/attachment/59d61fc479197b807797e35f/AS%3A286661301817347%401445356788853/download/Reporting+physisorp
http://cleancookstoves.org/binary-data/RESOURCE/file/000/000/15-1.pdf
http://documents.worldbank.org/curated/en/473591467990333534/Gender-time-use-and-poverty-in-Sub-Saharan-Africa
http://documents.worldbank.org/curated/en/473591467990333534/Gender-time-use-and-poverty-in-Sub-Saharan-Africa
http://www.who.int/indoorair/interventions/antiguamod21.pdf


57 

 

Appendix A: Budget Table and B.O.M. 
 

 
Table 13: Outline of Project Budget. Table provides an up to date estimate on budget currently used. Costs are split 

up into separate categories under the ‘Item’ column and estimations are made for each category. Based on a $1,000 

budget, there is currently 55% or $549.48 remaining in the budget.  

Budget Table                                                                                             Total Budget: $1000 

Item Percent Cost  Total Estimation 

Travel 0% $0.00 

Equipment 0% $0.00 

Material  18% $180.52 

Poster 7% $70.00 

Surface Area Testing 20% $200.00 

Total: 45% of total budget $549.48 

 

 

 
Table 14: Bill of Materials. Estimations were made for the cost of materials for the semester. Parts have been 

purchased, for the prototype, are listed in the leftmost column with the respective vendors, unit prices, quantity and 

shipping and handling price. Since the prototype is entirely made of clay only one material is needed. The total of the 

bill of materials came to $110.96. 

Bill of Materials 

Part Description Vendor Unit 

Price ($) 

Quantity 

(#) 

Shipping and 

Handling ($) 

Price 

($) 

Standard Red Clay 

with Grog 

Dick Blick Art 

Materials 

$19.56 3 $46.00 $110.96 

Total Material 

Cost: 

- - - - $110.96 
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Appendix B: Supporting Data 
  

 

 

 

 

 

 

 

 

 

 

 

Table 16: BET Surface Area data for Tenn 10 

sample 

Table 15: BET Surface area data for RKS sample Table 17: Cumulative pore volume as a 

function of Pore width for RKS sample 
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Appendix C: Engineering Drawings  
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Appendix D: Resumes 
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• Experience	in	high	speed	shafts,	oil	coolers,	and	different	types	of	bearings	
Engineering	Intern	 June	2015	–	August	2015	
Covanta	Energy	
• Assisted	Plant	Engineer	with	project	development	and	daily	assignments	
• Reviewed	plant	process	and	instrument	drawings	and	conducted	physical	plant	walk	downs	to	gain	

blueprint	reading	and	plant	operation	knowledge	
• Developed	AutoCAD	design	skills	through	creation	of	various	drawings	including	3D	model	of	

proposed	conveyor	belt	system	
• Collaborated	with	multiple	contractors	to	outline	a	conveyor	belt	renovation	
• Developed	process	procedure	and	conducted	a	helium	test	on	the	turbine	to	locate	air	leakage	to	

increase	efficiency	

Volunteer	Experience	
Penn	State	Younglife	 September	2015	–	Present	
• Work	with	a	small	team	of	leaders	to	foster	a	stronger	community	at	Penns	Valley	High	School	

Skills	
SolidWorks	|	AutoCAD	|	MatLab	|	Minitab	|	Microsoft	Excel	|	Leadership	|	Teamwork	|	Public	Speaking	
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