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Project Background '
Need -
More than 2.7 billion people rer on bumlng biomass fuels for
cooking [1].
Women spend bé’rween 2 to 9 hr/day collecting fuel wood [2] ;

- Burning wood produces hazardous chemicals and pollutants

Particulate Matter (PM, ). fine particles that harmfully affect the
~ respiratory sys’rem [3]. :

Goal

Develop a cledner and easy to access alternative fuel with a high

energy content and low PM emissions.
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Project Background

' 'Cllen’r

Women [gRe MCIC]SCII wlloge
and any other pastoral
‘communitfies in East Africa.

> The availability of Steer 4
“Manure

-Demonstration of Jiko stove ~ ..
| Figure 1: Cooking in Figure 2:

developing countries. Traditional-

Photo taken by: Dianne cooking method,

McDonnell. three stone stove
' [4].
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Research HypOthesis

PM, ; are fine por‘ricles in air with a diameter of 2.5 micrometers [‘5]. :

» Dry briquettes will have the highest concenfratfions of
PM, . compared to pyrolyzed briqueftes.

» Pyrolyzed brigquettes will boil water faster because they
have a higher energy concentration. |
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Me’rhodology

Prepqred Site (Tro’r’ro s ferm of NAU)

> Developed Flre Ml’rlgo’rlon
- Plan o :
Erec’red 10 X 10 ’rem‘

Acquired Sawdust at AP Sawmill
(Flagstaff, AZ) and Steer Manure

from Grantham Ranch (Williams,

A7)

"' - :': \ \

Figure 3: Teom Assemblmg Tent at Tro’r’ro 2
Farm (Photo by: Mohammad Alkandari) -
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Figure 4: .
. Grantham

: (Photo by

~ Dylan

Chambal)
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Table 1: Weight of Materials Used in Dry and Pyrolyzed Briquettes

Ratio (by weight) Sawdust Steer = Water '6%

()  Manure Added Binder

= - (9) (mt) - (9)
20% Sawdust ,80% @ 50 - 200 630 5
Steer Manure S B |
25% Sawdust , 75% b5 -1 16> XK 15
Steer Manure , |
30% Sawdust , 70% 75 75 0 8901 15 ) |
Steer Manure 5 | . | e X
Pyrolyzed 30% B 1755 690 15 Figure 5: Dry Briqusttes
Sawdust , 70% Steer | - | E;imeo;?rgrr]r?o(g e
Manvure : _ Alkandari) -
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Pyrolysis Briqueﬂé_s

Pyrolysis is the heating of orgdn'ic material in the absence of /

oxygen to decompose chemical compounds into - -
combus’rlble gases and charcoal [4]. ‘? o
> Torreflca‘rlon (mild form of pyrolysis) was performed o’r 230 ™
degrees Celsius for 1.5 hours. | ?// |
> Purpose: Remove organic compounds 1o i InCrease corbon |
gontent. ~ - o
» Removal of Hermcellulose (24%) Cellulose (4%) and Ligin (16%) S——
e AR :

(=

Burns primarily remaining carbon fo carbon dioxide, resulting  figure ¢; Briqgeﬁe
in less smoke compared o regulor wood burning [6]. Chamber in Pyrolysis

Oven (Photo by:
Mohammad Alkandari)
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"Equipmen’r_--‘ | |

Pdﬂicﬁulate Profiler(MetOne

MEES| 212) it -

‘» Measuring the numbers of
PM, . in numbers/m°

Thermocouple .
(OM-DAQ-USB-2401 model)

» Measuring the water and
the stove temperature in
Celsius degree

(photo by: Xiaoying Tang)

Figure 8: Thermocouple (photo by:

Xiaoying Tang) 8 (Aldahlan)

Figuré 7: Particulate Profiler - -



Pl A
Figure 9: Therm
Xiaoying Tang)

Thermocouple

e~

o)

5ouple Jiko Sto

74

ve Set-up (photo by:
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Data Anolysisﬁ Plofs of Dry Briqué’r’res

25%-75% PM 2.5 VS Time (No Wind)

Time (s)

Figure 10: Emission of PM,  for 25%-75%
Ratio .

20%-80% PM 2.5 VS Time (No Wind)

PM 2.5 (107(6)*Counts/m~3)

Time (s)

Figure 11: Emissions of PI\/\'QL5 for 20%-80%
Nejjle
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Data Analysis: Plot of Dry Bnque’r’res and
Pyrolyzed Bnque’r’res

30%-70% PM 2.5 VS Time (Wind Condition) ' Pyrolysis 30%-70% PM 2.5 VS Time (No Wind)
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PM 2.5 (107(6)*Counts/m~3)

150 200 250 300 350 400
Time (s)

Figure 12: Emission of PM,  for 30%-70% | Figure 13: Emissions of PM2_5 for Pyrolyzed
Raftio . 30%-70% Ratio

11 (Tang)



:Do’rq j‘.A_DGIySiSf -W‘iﬁ‘a‘ilh'ferfe“r"e nce .: -

Figure 14: Influence of Wind Movement among Data Collecting (picture made by: Xiaoying Tang)
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Data Anolysis‘

PM2.5 VS ENERGY Change of Water

R==n.7519.,‘«'

25%Sawdust-75%Steer Manure

Change in Energy= CpM AT

[

30%Sawdust-70%Steer Manure AT = femp‘erqfure ChG nge

Pyrolyzed 30%Sawdust-70%Steer

Manure M = mass of water

-« Linear (25%Sawdust-75%Steer Manure)

Linear (30%Sawdust-70%Steer Manure) : C = SpeCIflc heqt

-
[
<
E
e 3
5
2
=
3
*
~ 6
i
<°
-
2
n
N
s
-9

Linear (Pyrolyzed 30%Sawdust-70%Steer C water — 4 2 X 103 J kgl OC 1

Manure)

Energy Change of Water (KJ)

Figure 15: Produc’rlon of PM, occordlng to Energy Change of
Wo’rer
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Data Analysis
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PM 2.5/Energy Change of Water
(Counts/mA(3)/KJ)
=3 8
8 8

0 .
20%Sawdust-80&Steer 25%Sawdust-75%Steer 30%Sawdust-70%Seer Pyrolzed 30%Sawdust-
Manure Manure Manure 70%Seer Manure

Figure 16: Bar Chart of Production of PM, . per Energy Change of

Water.
Ratio= Emission of PM, ./ Energy Change of Water
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Table 2: Updc’r_ed Schedule

Actual Start | ActualEnd

Data -

Task Projected Proj‘ected

: Start Date - End Date ‘Date Date
1.0 Preparing | 1/15/18 - | 1/23/18 | 1/15/18 1/23/18
Site ' '
2.0 Acquiring | 1/24/18 1/31/18 1/24/18 2/16/18 -
Material - =
3.0 Design - 2/03/18 2/20/18 N7IE e - 3/118
Briquettes ' | :
4.0 Running 2/23/18 |  3/02/18 CYAKTAE: - 4/21/18
Test 4 :
5.0 Analyze 3/13/18 3/28/18 4/5/18 4/23/18
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Unit Cost Projected | Actual Total Hours Cost Adjusted Cost
Total Hours z :
Senior $150/hr 35 20 ~$13,500 $17,550
Engineer : '
Lab $45/hr .40 115 $5,175 '$6,728
Manager : .
Project | = $65/hr 40 100 $6,500 $8,450
Manager
Junior $25/hr 75 150 $3,750 $4,875
Engineer ; :
Cassava | $16.19/2lbs N7 N/A $16.19 $16.19
Flour - :
10x10 Tent $245 N/A N/A $245 $245
Total Hours: 455 Total Cost:
$37,864.19

Table 3: .

Costs of

Engineering
Services,
Equipmen’r, ,

~and

Materials
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Conclusion

Py_rOIysis briquettes boils the

water in a shortest time but

-have the highest amount of
parficulate matter.

75% steer manure - 25%

sawdust briguettes have the .

least amount of por’ncu|o’re
matter

Figure 17: Jiko Stove and a pot -
assembly
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Recommendations

Improve Testing Enclosure , O
» Prevent wind interference |
Composted steer manure . «B ::

 Increase organic mo’r’rer to be burned
off in pyrolysis

Figuré 18: Example

Pyrolysis testing for the other ratios enclosure to be used for
: future testing -

» Compare the ratios
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