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Introduction Continued 
A study from 2014 researched the waste production of 
l ivestock in Ghana (Kemausuor  et al. 2014). I t was r ecorded 
that chickens had by far  the largest population of any of the 
animals (Kemausuor  et al. 2014). The research also r ecognized 
that chicken manure was the most accessible and easiest to 
col lect, therefore making i t the best candidate for  conversion 
out of al l  the biomass tested (Kemausuor  et al. 2014). In 
compar ison a study conducted 12 years ear ly suggests simi lar  
f indings. In 2002 a study published analyzed the effects of 
pyrolysis on di f ferent types of animal manure (Ser io et al. 
2002). The focus of the r esearch was on the di f ferent chemical 
components and their  weight per centages after  being put 
through pyrolysis. I t was concluded that chicken manure had 
the best r esponse to pyrolysis because of i ts low  ash and 
moisture content (Ser io et al. 2002). Whi le conducted in 
separate locations the data obtained by each research group 
draw  paral lels to each other. I t was unanimous between both 
studies that chicken manure is the most feasible for  biofuel 
production out of al l  of the manure samples tested. Bomb 
calor imetr y is essential to the process of testing fuel eff iciency. 
As i t r elates to this project, bomb calor imetr y w i l l  test the 
eff iciency r atings of our  teams biofuels, fur ther  al low ing us to 
optimize our  processes. The conventional standard of bomb 
calor imetr y is based around the use of a metal bomb (Par r  
Instr ument Company 2007). Standard bomb calor imeter s are 
pressur ized uni ts w ith storage for  the mass being tested and 
are completely insulated by an environment of water  and then 
by an insulation jacket (Par r  Instr ument Company 2007). 
Calor imetr y also extends in the dir ection of glass bomb 
calor imeter s. A glass calor imeter  as i t compares to a metal 
bomb calor imeter  is immensely less expensive, and more safe. 
Despite these two approving conditions, they are also more 
prone to cracking which w i l l  compromise the r esults of a fuel 
eff iciency test (Johnson 1999). In the event of this scenar io a 
new  glass bomb calor imeter  would need to be created in order  
to r esume exper imentation. For  these reasons glass bomb 
calor imetr y is a good model for  what our  groups calor imeter  
w i l l  become. 

Research into biofuel w i l l  open the oppor tuni ty for  
innovations r elating to energy solutions. The signi f icance of 
focusing on energy star ved locations creates a need to think 
outside of conventional methods in order  to develop practical 
solutions. Examples of this are alr eady being show n through 
the use of diver se types of biomass and pre-tr eatment 
techniques. Feasibi l i ty is also impor tant to this project because 
we need to stay w ithin the confines of speci f ic r egions and the 
r esources avai lable. In doing so, the application of new  
techniques and measur ing methods w i l l  be able to br ing 
r emote areas al ive w ith energy prosper i ty in cost-effective 
ways. Our  team str ives to do exactly this through our  r esearch 
in the f ields of biofuel r ef inement processes and calor imetr y 
methods. I t is our  team?s pr imar y focus to compi le the 
know ledge necessar y to identi fy the energy cr isis 
appropr iately then create solutions that w i l l  br ing energy to 
the 18% of the wor ld that exists w ith a lack thereof. 

  

Abstract  
    Cur rent modern energy sources cannot feasibly address the energy 

needs for  many energy star ved geographical locations around the 
wor ld. In 2015, 1.3 bi l l ion people went w ithout access to electr ici ty, 
pr imar i ly in Afr ica and India (IEA 2015). Unlike other  energies, 
biofuel has the potential to be used as a budget fr iendly alternative 
in this r egions. Throughout Afr ica and India there are a multi tude 
of r esources that can be implemented as biomass. The two greatest 
prospects are l ignocellulosic plants and animal manure. 
Lignocellulosic mater ials are abundant and contain the 
components necessar y to create eff icient biofuel, however, there 
are obstacles that must be overcome f i r st in the r ef inement stage. 
Animal manure is another  abundant r esource that has a more 
simple application, but is harder  to col lect. This project's procedure 
is designed to r ef ine and autonomously test the eff iciency of a 
var iety of fuel sources including l ignocellulosic plants and animal 
manure. A self  designed and constr ucted bomb calor imeter  whi le 
be used to col lect data from fuel eff iciency testing. Through 
self-r ef inement and testing this exper iment is designed to provide 
data that can be implemented in energy star ved locations.  

 

Introduction

    Key Ter m s: Ener gy, Biom ass, Pr e-t r eatm ent , Bom b 
Calor im eter  

 I t is among one of the wor ld?s highest pr ior i ties to improve upon 
the f ield of energy. Today, energy consumption r ates forecast that 
around 18% of the wor ld population is w ithout energy ever yday 
(IEA 2015). The development w ithin the f ield of sustainable energy 
as a whole can be greatly inf luenced by r esearch speci f ic to r egions 
that are included in this statistic. The 18% mark r epresents roughly 
1.8 mi l l ion people out of the total wor ld population that do not 
have accessible electr ici ty; i t was also concluded 98% of these 
individuals l ive in Sub-Saharan Afr ica and Asia (UNEP 2011, IEA 
2015). The project w i l l  focus on identi fying and addressing an 
alternative sustainable energy source in order  to br ing electr ici ty 
to the semi-ar id and ar id r egions among these ter r i tor ies. 

    To the average person, alternative energy is typical ly thought of in 
terms of solar, w ind, and hydro formats. Within the group of 
alternatives, there exists biofuel or  ethanol, which is classi f ied as a 
substance produced from renewable sources of biomass. 
Commonly made into l iquid form, biofuel has the potential to br ing 
energy to the areas of the wor ld where there is cur rently none. 
This is made feasible through assessing the r esources native to 
r egions w ithin Sub-Saharan Afr ica and Asia. This project aims to 
determine the best biomass to test and use for  large scale biofuel 
production. 

    One of the greatest assets to the biofuel industr y today is 
l ignocellulose based species. Many plants are compr ised pr imar i ly 
of l ignocellulose and i f  harnessed, they can produce large 
quanti ties of biofuel. The f i r st step to achieving this is to break 
dow n the l ignocellulose into i ts di f ferent components. From this 
step the cel lulose der ived from the separation can be used to 
produce biofuel through means of enzymes and fermentation. The 
ini tial process however  is where breakthroughs in methods and 
pre-tr eatment play a large role in making decomposition of 
l ignocellulose mater ial possible. This biomass is one of two distinct 
and strong contenders for  biofuel production in energy star ved 
locations. The other  source of biomass is animal waste. This option 
presents numerous oppor tuni ties in both Afr ica and Asia due to 
the cost-effective nature of producing animal waste and because of 
the sheer  quanti ty of animals avai lable to har vest from 
(Kemausuor  et al. 2014). This method of r ef inement uti l izes dr ying 
and fermentation in compar ison to enzyme pre-tr eatment and 
fermentation. To supplement these biofuel production stages our  
team has determined that the constr uction of a r elatively 
inexpensive bomb calor imeter  is necessar y in order  to gain insight 
into the comparative effectiveness of any biofuel created. This w i l l  
al low  us to gauge our  success and determine what w i l l  be best for  
our  target demographics. 

    Enzyme pre-tr eatment is cur rently thought of as one of the most 
effective ways to generate maximum biofuel production from 
l ignocellulosic mater ial. One recent study involving pre-tr eatment 
using green l iquor  acquir ed interesting r esults that may help 
progress in the f ield. Found most effective at 140 degrees celsius, 
green l iquor  was used to pre-tr eat four  di f ferent species of woody 
biomass, masson pine, poplar, moso bamboo, and miscanthus 
(Wang 2015). This study showed that the r esulting mater ials were 
affected pr imar i ly based on the str ength of their  individual 
composition. I t was found that the plants, miscanthus and moso 
bamboo were affected the most profoundly because their  
composition was most closely to that of more porous mater ial l ike 
grass (Wang 2015). This pre-tr eatment method makes sense for  
porous mater ials because their  nature al lows the green l iquor  to 
immerse i tself  inside of the species enabling the decomposition of 
mater ials in an internal fashion.  Simi lar ly, another  pre-tr eatment 
study uti l ized di luted sulfur ic acid to test the r emoval of l ignin, 
hemicellulose, and cel lulose from r ice str aw   (Zhu et al. 2015). This 
pre-tr eatment was found to be most effective on r ice str aw  at 100 
degrees celsius because the unwanted par ts were discarded, whi le 
the cel lulose r emained and suffered ver y l i ttle weight loss from the 
r ice str aw  (Zhu et al. 2015). Whi le both exper iments are val id, the 
f i r st exper iment holds a greater  value due to the diver si ty in 
subjects. Never theless, these are al l  biomass that could be of 
potential use w ithin the areas of Afr ica and Asia, whereas r ice 
str aw  is more speci f ic to less ar id r egions typical ly found w ithin 
Asia. 

    In contrast to plant biomass, animal manure is an attr active 
alternative for  biofuel production. Animal manure is essential ly a 
forever  existing source of energy that can be found in almost any 
environment. Biomass conversion has been calculated in a few  
studies suggesting r esults that can help areas w ithout electr ici ty. 

 

Proposed Methodology 
 Pr ocedur e (Lignocel l u losi c Fuels) 

1 . Clean off  a good sur face near  a wall  socket for  testing. 

2.  Place the blender  by the wall  socket and plug i t in. 

3.  Spray pans w ith a thin coat of sprayable cooking oi l . 

4.  Acquir e the specimen that you are going to test. 

5.  Chop the specimen into smaller  bi ts so that i t is easier  for  the blender  to 
blend. 

6.  Once chopped place the chopped specimen into the blender  and blend. 

7.  Add a l i ttle bi t of water  i f  need be to ease the blending process. 

8.  Drain the l iquid from the plant matter. 

9.  Place the plant matter  onto the pans and spread evenly across the pan. 

10. Bake in the oven for   approximately 20 minutes. 

11. Remove from the oven using oven mitts. (Notice that the plant matter  
should have become ver y dr y, this is the l ignin in the plant.) 

12. Remove the plant matter  sheet and cut into 2x2? squares. 

13.  Weigh the plant matter  on the gram scale.  14. Repeat steps (5- 13) when 
using         other  types of biomass. 

15.  Place 500g into the bomb calor imeter  for  testing. 

16. Refer  to the bomb calor imeter  use guide. 

 Bom b Calor im eter  Method/Pr ocedur e 

 BUILD 

1.  Acquir e 1 (1/2 gallon) paint can 

2.  Dr i l l  1 3/4 inch hole 3/4 of the way up the paint can on the round side 

3.  Clean the hole of any debr is and weld the pressure valve onto i t w i th the 
attachment side facing out of the paint can 

4.  Dr i l l  2 1 inch holes in the middle of the base of the paint can. The holes 
should be 1.5 inches apar t 

5.  Inser t one steel rod in each of the two holes of the paint can, leaving 
about 1 inch sticking out of the bottom. Weld into place 

6.  Attach a hinge to the top of a paint can. 

7.  On the opposi te side attach a clasp buckle 

8.  Weld the f lat piece of steel to the hinge, in such a fashion that i t can r est 
f latly on the l id of the paint can when closed. 

9. Weld the clasp attacher  to the end of the f lat piece of steel, and ensure a 
tight seal w i th the l id of the paint can can be achieved when clasped shut. 

10. On opposi te sides, weld the clasp attaches to the bottom of the round 
outside of the paint can 

11. Weld the clasp buckles onto the paint can stand so that they can attach 
and secure to the paint can dur ing operation 

12. Place the paint can stand into the middle of the cooler  and secure into 
place 

13. Place the paint can on top of the paint can stand and clasp into place

14. Dr i l l  a 3/4 inch hole into the side of the cooler  at an equal height to that 
of the 3/4 inch hole in the paint can  

15. Run the 3/4 inch steel tube through the hole in the cooler  so that i t may 
attach to the pressure r elease valve on the paint can. Note that there should 
be some tubing left on the outside of the cooler  

 

Conclusion
     Research done for  biofuel solution can provide much 

needed data for  areas of ar id and semi-ar id r egions, such 
as, Sub-Saharan Afr ica and Asia. The data can br ing us 
closer  to providing energy to the 1.8 mi l l ion that need i t 
(IEA 2014). Our  group believes that sugarcane w i l l  have 
the greatest energy yield among l ignocellulosic biofuel 
types, however, sugarcane does not grow  proper ly 
w ithout a large amount of r ain. I t is due to this fact that 
we predict Agave w i l l  prove to be a ver y eff icient biofuel 
type in ar id and semi-ar id r egions, because i t does not 
r equir e a large amount of water. Agave also shows 
promise because i t can be easi ly cultivated and has 
produced a large amount of energy in previous studies 
(Somer vi l le 2010). In impover ished regions, biofuel has 
proven to be the most acceptable. and effective solution 
for  providing much needed electr ici ty to those areas. Our  
group str ives to provide useful data and information to 
creating a biofuel solution to impover ished and energy 
star ved locations. 

 

Methodology Continued
16. Using adhesive caulking, caulk any gaps or  openings left around 
the 3/4 inch steel tube hole. This should secure the tube dur ing use. 

17. Weld the pump tube to the outside of this tube. 

18. Dr i l l  2, 1 inch w ide holes in the middle of the cooler  l id, 
approximately 6 inches apar t. 

19. Inser t the sti r r er  in one and the temperature probe in the other. 
Seal any openings in these holes using adhesive caulking compound. 

 IGNITION SET-UP 

1. Solder  one electr ical w ir e to the bottom of each steel rod in the 
bomb design. The w ir es should be welded on the outside exposed 
por tion of the rod. 

2. Spool the w ir ing of out of the cooler, ensur ing that the w ir ing is not 
taut inside the cooler  

3. Close the cooler, leaving at least 1 foot of w ir e outside of the cooler. 

4. Keep a 9 volt batter y r eady, for  when igni tion is r equir ed. 

 IGNITION TESTING 

1. Connect the igni tion w ir es to the 9 volt batter y. 

2. There should be a visible spark between the two rods inside the 
bomb unit. 

3. Disconnect the igni tion w ir es. 

 USE 

1. Inser t 1/3 kg of fuel into the bomb. 

2. Seal the bomb by placing the paint can l id on top, and laying the f lat 
piece of steel over  the l id and clasping i t tightly shut. 

3. Place the bomb into the cooler  onto the paint can stand. 

4. Line up the pressure r elease valve w ith the pump tube and attach 
them together. 

5. Clasp the paint can to the paint can stand 

6. Add 4 gallons of water  to the cooler. 

7. I f  the paint can f loats, weigh the paint can stand dow n unti l  the 
paint can is stable 

8. Seal the cooler. 

9. Begin pumping air  into the bomb unti l  i t r eaches a pressure of 60 
psi , whi le simultaneously beginning to cir culate the water  w ith the 
sti r r er.. 

10. Cease pumping, and connect the w ir es to the 9 volt batter y, thus 
igni ting your  fuel. 

11. Measure the water  temperature once a minute unti l  the 
temperature ceases to change. 

12. Compare the star ting and end temperature to determine the 
amount of energy expended dur ing this process (equation is used for  
this). 

 

Predicted Results
Expected Outcomes

Our group believes that biodiesel will have the highest energy output, but 
that ethanol will be the easiest fuel to acquire and use. This is because 
biodiesel requires the use of vegetable oils, and the process of creating 
ethanol through fermentation is easier. The energy output of the fuels will 
be tested using a bomb calorimeter. The ease of growing/ ref ining fuels 
will be tested by attempting to grow/ ref ine the fuels ourselves. Some 
variations in the testing could be present when testing the energy output 
of the biofuels. Since we are building our own calorimeter from scratch, 
the data may not be as accurate as industrial grade calorimeters. This 
could lead to discrepancies when testing, although proper build methods 
will taken to ensure the highest accuracy achievable. By being able to test 
the energy output of these fuels we will be able to analyze which fuel is 
the most eff icient when taking into account ease of growth and ease of 
ref ining in areas such as sub-saharan Africa and India.  

Data Analysis

 The data we collect will both be qualitative and quantitative. The 
measurements from the bomb calorimeter will be quantitative  because 
we will be collecting numerical data. Our qualitative data will come from 
seeing the ease in which we were able to acquire and ref ine fuels. This 
data will be important because while a fuel may be extremely eff icient, if  
it is dif f icult to acquire and ref ine it will not be a good choice for 
implementation in energy starved locations. The quantitative data will be 
measured in degrees celsius within an accuracy of .001oC. This is due to 
the fact that bomb calorimeters operate by changing the temperature of 
the water around the bomb, and a high measurement accuracy is required 
to get a true and precise reading (Parr 2007). 

Data has already been published regarding the energy output of biofuels 
such as ethanol and biodiesel. For example, ethanol has been recorded to 
produce between 18 and 21 MJ of power per liter, and biodiesel has been 
recorded to produce between 33 and 35 MJ of power per liter (U.S. Energy 
Information Administration 2015). However, those publications take into 
account high grade fuels, the fuel our experiment would be testing would 
be made from a crude ref inement meant to simulate the conditions in 
impoverished areas where high grade ref ineries are not a viable option. 
We anticipate that our energy outputs will be lower because of this. By 
using this data we can see what biofuels will be the best for 
implementation based on ease of growth/growth rate, ease of ref inement, 
and energy output. This will allow us to choose the best fuel for use in 
impoverished nations such as sub-saharan Africa and India and make 
dif ferent forms of electricity more accessible in these locations.


