
1.Introduction  
 
An autoclave is a device used to sterilize equipment 
and supplies by subjecting them to high pressure 
saturated steam at 1210C for 15minutes for gravity 
cycle and 1210C for 35minutes on a liquid setting 
[1]. Typical loads include laboratory glassware, sur-
gical instruments, medical waste, patient care uten-
sils and animal cage bedding.  
 In addition, the autoclave has a variety of 
other useful functions including pre-disposal treat-
ment and sterilization of waste materials such as do-
mestic, industrial and hospital waste. 
 Despite its usefulness, the autoclave is not 
commonly found in most homes, hospitals and in-
dustries in Nigeria. The reasons may not be uncon-
nected with cost and lack of knowledge of technical-
know-how of the device. Most autoclaves available 
in Nigeria are imported, this makes the cost high. On 
the average, an autoclave costs between one hundred 
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thousand naira (N100,000) and three hundred thou-
sand naira (N300,000.00) depending on the size and 
complexity [2]. This is far above what most homes 
and small scale industries in Nigeria can afford giv-
ing the prevailing average per capita income. 
 If autoclaves were available to most homes 
and small scale industries, which are the greatest 
generators of waste most of which are disposed care-
lessly without treatment, there will be pre-disposal 
treatment of wastes. Our environment will become 
healthier, spread of diseases will be minimized; the 
health status of the citizenry will improve and there-
fore Nigeria’s vision 20, 2020 will be a reality.  
 
2. General Design 
 
2.1 Material Selection  
In choosing the materials and determining the pro-
portions and dimensions of the structural members, 
the basic factors that were taken into account are: the 

Design and Fabrication of a Cost Effective Domestic Autoclave in a Developing Economy 
 

*K . O. Ejeta1, K.I Nkuma-Udah1 G. A Dolor2, F. Esomonu1, G.O. Onwodi3  A. Ogundeko4 
 

1Department of Biomedical Technology, Federal University of Technology Owerri, Nigeria,  
2Department of Mechanical Engineering, Delta State Polytechnic Oghara, Delta State, Nigeria 

3School of Science and Technology, National Open University of Nigeria, Lagos, Nigeria. 
4Department of Mathematics, Federal University of Technology, Owerri, Nigeria. 
Department of Materials and Production Engineering, Ambrose Alli University,  

 

(Received March 28, 2011; Revised September 15, 2011; Accepted September 18, 2011) 
 
 

If autoclaves are affordable and available in most homes in Nigeria, it will encourage waste pre-disposal treat-
ment and promote a healthy environment. 
This aim of this paper is to develop an autoclave that combines the benefit of simplicity in operation with low 
cost and effectiveness to tackle the problems that have militated against availability of autoclaves in most 
homes and small scale industries in Nigeria. 
An efficient and cost effective portable autoclave suitable for sterilization of domestic waste was designed and 
fabricated to American Society of Mechanical Engineers (ASME) standard specification. Its construction ma-
terials were sourced 100% locally, thus leading to 25% reduction in cost compare to the imported brand of the 
same size. The performance of the machine was evaluated using chemical and spore tests and found satisfac-
tory. 
 
Keywords: Autoclaves, Waste Predisposal Treatment, Healthy Environment.  

A
fr i

ca

n B
iographical Centr e

Directories of African Bio
g rp

hy* *
a b c

ABC Publishers Inc 



condition which the member will operate, the re-
quirement of the strength, lifetime and economy. 
Putting these factors into consideration, the follow-
ing materials described in table 1 were selected for 
the production of the autoclave.  
 
2.2 Methods 
It is mandatory to design and fabricate any pressure 
vessels to American Society of Mechanical Engi-
neers (ASME) requirements. These include material 
specifications and design stress levels allowable in 
the vessel [3]. The maximum pressure holding ca-
pacity of the autoclave was determined using Bar-
low’s formula at an operating temperature of 1210C 
[4]. Other components of the design determined in-
clude volumetric capacity, method of steam genera-
tion, design type/principle and quality/safety assur-
ance.  
 After the design, the materials were locally 
procured and then fabricated according to the design 
specification.  
Before putting the autoclave into service, chemical 
and spore tests to check its performance against the 
design specifications were conducted as recom-
mended by the American National Standard Institute 
[5]. 
 
2.3 Design Specifications 
Vessel Material 
Maximum working pressure of a vessel made of 
thick aluminum was computed using Barlow’s for-
mula (to find out whether it satisfies ASME require-
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ment for an autoclave). 
  P = 2st/D0   (1) 
  P = 2st/(D-2t)SF  (2) 
where  
 P = maximum working pressure (Psi),  
 t = wall thickness (0.375 inches was considered), 
 D0 = outside diameter (12.75inches was consid-
ered),  
 SF = Safety Factor (standard value of 1.5) and  
 S = material strength. 30,000psi as the yield 
strength of thick aluminum was used [6]. 
 
 From (1) the burst pressure is 1875psi while 
with (2) the burst pressure is 1324psi. In both cases, 
there is adequate factor of safety for an autoclave 
that would operate at a pressure of 15lbs/sq inch. 
Other factors that guided the choice of aluminum 
include low cost and availability in Nigeria.  
 
Vessel Shape and Volumetric Capacity 
The volume of the vessel was calculated using the 
formula: 
 V = pr2h           (3) 
With a height or depth of 30 centimeters considered, 
the volume obtained is 21 litres. This volume falls 
within the range of the volumes of portable auto-
clave and is adequate to handle daily domestic 
wastes in Nigeria. Therefore the machine should be 
deep drawn to cylindrical shape with head dish 
(torispherical) in shape. This shape allows no bacte-
ria residue and makes it free from dirt accumulation 
[7].  
 
Method of Sterilization 
A 3kw electric heater immersed in water and run-
ning on 220V, 50HZ was considered for generating 
steam. This was found capable of generating steam 
at high enough pressure to reach the required tem-
perature of 1210C within 30 minutes.  
An efficient system is indicated by this result. To 
achieve the desired simplicity in operation it was 
made complete with plug in cord to work on 220V 
A.C 
 
Spore Test 
A commercial test kit that uses bacterial spores 

Major 
elements 

Function Material Comment 

Vessel Contains 
pressure 

Thick  
Aluminium 

Purchased  
locally 

Electrical 
heating 
coil 

Heat water 
to generate 
steam 

Nichrome 
wire 

Purchased  
locally 

Content 
systems 

Controls 
temperature 
pressure, air 
removal 

Thermo-
couple, 
transducer 
respec-
tively 

Purchased  
locally 

Table 1: Major Elements of an Autoclave System  
& Experimental Materials  



(Bacillus Sterothermophilus spore strips) was pur-
chased and used for the test. A total of two runs 
were conducted. One is a test trial run to see if the 
autoclave was capable of sterilization without any 
load. The spore strip in the test trial was placed in a 
horizontal position in various locations within the 
autoclave chamber, to verify the effectiveness of 
steam sterilization in different areas within the auto-
clave. The second run was performed with the spore 
strip placed in the middle of the representative load 
to be autoclaved. After autoclaving in both runs, 
spore strips were spread onto an agar plate and incu-
bated at 600C for 48 hours, and then the ager plates 
checked for bacterial growths/ tested with indicator. 
A non-autoclaved spore strip is also incubated at 
60oC for 48 hours as control.  
 
Autoclave type/operating principle 
A positive pressure displacement autoclave is de-
sired. The following arrangement was considered. 
12 inches x 12 inches deep cylindrical thick alumi-
num vessel which accommodates  
A 3kw electric heater immersed in water at its base, 
A 9 inches x 9 inches removable dressing drum with 
perforation, equidistant round its circumference, to 
allow steam entry.   
 A cover lid filled with silicon/neoprene gas-
ket and tightened by six opposite locking nuts. 
The lid has exhaust valve, safety and extra safety 
valves, pressure and temperature gauges all pro-
grammed into the control system. A dump or vac-
uum release knob was also considered at half dis-
tance from the bottom of vessel. When water was 
filled to the level mark, the lid placed on the con-
tainer and tightened by opposite locking nuts, ex-
haust value and vacuum release knob closed and 
plug connected to the a.c and switched on, the pres-
sure gauge rises. At 2lbs, pressure gauge reading 
became constant and when the exhaust value was 
opened, pressure gauge goes back to zero. When the 
exhaust was closed and heating continued, pressure 
gauge rises above 2lbs until it reaches 15lbs. An 
adequate positive pressure displacement was indi-
cated by these results. When the pressure reads 2lbs 
and the exhaust valve is opened, the enclosed air 
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will escape and on complete escape pressure gauge 
reads zero (http://en.wikipedia.org/wiki/autoclaves). 
If the exhaust valve is then closed and heating con-
tinued, pressure gauge rises and on attaining a read-
ing of 15lbs the main safety valve will automatically 
come into operation (since the vessel is programmed 
to operate at a pressure of 15lbs) blowing excess 
steam thereby maintaining a pressure of 15lbs. The 
main safety valve may allow little steam to go out 
between 5lbs to 18lbs. As additionally safety meas-
ure, the weight safety valve is set at 18lbs in case the 
spring loaded valve fails to function. After steriliza-
tion, when the vacuum release valve is opened, all 
stream and water is released from the autoclave to 
cool and if this is followed by opening the exhaust 
valve, vacuum is destroyed and the lid can now be 
opened to remove sterilized content.  
 
2.4 Economic Analysis 
Materials cost per unit  = N18,000.00 
Welding per unit  = N5,000.00 
Total cost per unit  = N23,000.00 
The unit cost of twenty-three thousand naira is ap-
proximately 23% of the cost of an imported brand. 
 
3. Results 
 
The result of the chemical and spore tests are shown 
in table 2 and figure 1 respectively.   

 
4 Discussion 
 
Figure 1 shows the heterotrophic counts of samples 

Table 2: Biological indicator test result 

Test Observation Conclusion 

    Pass Fail 

1. Spore strip at centre 
2. Spore strip at left 
side 
3. Spore stripe at right 
side 
4. Spore strip + load at 
centre 
5. Control 

Purple colour  
retained 

“ 
“ 
“ 

Yellow Colorization 

√ 
√ 
√ 
√ 
  

  
  
  
  
√ 



of water. Incubation at 600C for 48 hours causes sur-
viving spores to grow [8]. 
 Boiled and un-boiled natural domestic water 
contained significant Colonies Forming Units (CFU) 
of total colic form of bacteria. This is in consonance 
with the findings that boiling is not enough to make 
natural water safe for human consumption (Lenntech 
Water Treatment @http://www.lenntech.com/
library/diseases/waterborediseases.html). However 
the abrupt increase in CFU in boiled water samples 
was not investigated further in this study, to confirm 
whether it is an indication that when natural water 
containing heat resistant pathogens is boiled at ordi-
nary temperature, the risk of pathogen is increased. 
In contrast, water samples autoclaved shows com-
plete absence of total coli form. These results con-
firm the effectiveness of the autoclave to sterilize 
load in all locations within it. 
 
5. Conclusion 
 
From these results, the following conclusions were 
made: 
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i. 0.375 inches thick aluminium vessel is ade-
quate to construct an autoclave that will operate at a 
pressure of 15lbs/sq.inch.  
ii. A height of 30 centimeter, deep drawn to a 
cylindrical shape allows no bacterial residue and 
gives a volumetric capacity of 21 liters. 
iii. A 12 inches X 12 inches deep cylindrical 
thick aluminum vessel which accommodates 3Kw 
electric meter immersed in water at its base and run-
ning on 220V, 50Hz is capable of generating steam 
at high enough pressure to reach the required tem-
perature of 121oC within 30 minutes. 
iv. 100% local sourcing of construction materi-
als leads to 25% reduction in production cost com-
pared to imported brand of the same size. 
v. A cost effective and efficient portable auto-
clave suitable for sterilization of domestic water is 
achievable. 
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A = Domestic Water 

(Un-autoclaved) 

 

B = Domestic Water 

(boiled, Un-

autoclaved) 

 

C = Domestic Water 

(d autoclaved) 

Figure 1 Heterotrophic counts of samples of water. 


