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Abstract

Environmental and health impacts when replacing
kerosene lamps with solar lanterns

Emma Olsson and Erik Stenemo

In regions with low energy access kerosene lamps are commonly used, and these 
emit carbon dioxide (CO2) as well as household air pollutants (HAP). This bachelor 
thesis examines the possible reduction of carbon dioxide equivalents (CO2eq) 
emissions and HAP from kerosene lamps by replacing them with off-grid solar 
powered lanterns. Life cycle assessment, or LCA, is used as a method to assess 
CO2eq emissions from the solar lanterns. Data on emissions from the different 
stages in the solar lantern lifecycle, as well as for the kerosene lamps, is gathered 
through literature studies. Furthermore, possible improvements of health and 
social aspects as result of replacing kerosene lamps are studied and discussed. 
The results show that CO2eq emissions could be significantly lower if solar 
lanterns were used. During a lifetime of 30 years, a simple kerosene lamp emits a 
total of 15 500 kg CO2eq, a hurricane lantern 7 900 kg CO2eq, whereas a solar 
lantern emits 66.1 kg CO2eq.  However, it is found that the possible harmful effects 
of HAP are much larger than those of CO2. Finally, possibilities and challenges 
regarding implementation and usage of off-grid solar powered lanterns are 
identified and discussed. 
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1. Definitions and abbreviations  
BC Black carbon. Fine particles in soot which consists of 

particles 2.5 micrometres in diameter, PM2.5. 

CO2 Carbon dioxide 

CO2eq  Carbon dioxide equivalents 

Daily lit  4 hours of lighting 

E-waste Electronic waste 

f.u. Functional unit 

GHG Greenhouse gas emissions 

GWP Global warming potential 

HAP Household air pollution 

HAP emitting activities Activities emitting household air pollutants, such as 
kerosene lamp usage and open fire cooking. 

Household A social unit composed of those living together in the same 
house.  

ISO LCA standard Guidelines for how to perform a Life Cycle Assessment for 
it to be used in public comparative assertions. 

kWh Kilowatt hours 

LCA/LCI Life cycle assessment/Life cycle inventory 

Li-ion battery Lithium-ion battery 

Lux Lumens per square meter 

PV system Photovoltaic system 

Sub-Saharan Africa Region containing all African nations south of the Saharan 
Desert. 

WHO World Health Organization 
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2. Introduction 
There are currently more than one billion people living in households lacking 
electricity. The majority of these are located in developing countries where the stability 
of electric supply, if available at all, often is unreliable. Around three billion people do 
not have access to cooking solutions based on electricity or gas, and are forced to cook 
using open fire. Non-electrical methods used for cooking and lighting creates so called 
household air pollutants, HAP. The content of these pollutions depends on used fuel, but 
among other substances they always contain carbon oxide emissions and black carbon, 
BC. These substances create health risks for the people exposed them. (WHO, 2016) 
In 2016 HAP caused 4.3 million premature deaths and is by that one of the most 
important environmental health risk factors worldwide (WHO, 2018a).  
 
Kerosene lamps emit BC which is a potent enhancer of the greenhouse effect and 
harmful from a human health perspective. Furthermore, kerosene lamps alone emit 230 
millions of tonnes of CO2 each year (Tellez et al., 2017).  Apart from the emissions 
caused due to the use of kerosene there is also a risk that the lamp falls over and cause a 
fire. There are currently numerous efforts to decrease the usage of kerosene lamps, by 
organizations such as the World Health Organization and other non-governmental 
organizations.  
 
A way of mitigating the problems caused by kerosene lamps is replacing the lamps with 
solar powered lanterns (solar lanterns), in areas that lack a stable connection to the 
electric grid. These lanterns are put in the sunlight during day time, and at sunset they 
are taken indoors used for lighting.  
 
However, while these solar lanterns are powered by renewable energy, the production 
and disposal of them require energy and different material inputs. A commonly used 
method for analyzing the entire lifespan of a product is a life cycle assessment, LCA. 
An LCA is able to provide an overview over emissions and other effects related to the 
product from its creation to its disposal. In this project, an LCA will be used to assess 
the life cycle of a solar lantern. The main focus will be on the amount of carbon dioxide 
equivalents, CO2eq, that are emitted during the lifespan of the solar lantern.  
 
CO2eq is a measure used to compare different greenhouse gas emissions, GHG, based 
on global warming potential, GWP. The CO2eq unit measures the environmental impact 
of one tonne of a certain greenhouse gas in comparison to one tonne of CO2 and it take 
into account that different gases have different capabilities to contribute to global 
warming, i.e. different GWP. (Eurostat, 2018) 
 
Results from the LCA will be compared with emissions from kerosene lamps during a 
time period of the same length, to assess the climate benefits from replacing them with 
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solar lanterns. As kerosene lamps greatly affects human health, a comparison from a 
health perspective will also be made.   

2.1 Aim 
Investigate health and climate benefits of replacing kerosene lamps with solar lanterns 

2.2 Research questions         
● What is the total amount of CO2eq emissions released from solar lanterns and 

kerosene lamps during their respective lifetimes?  
● How could CO2eq emissions be affected by substituting kerosene lamps with 

solar lanterns?          
● How could public health be affected when substituting kerosene lamps with 

solar lanterns?   

2.3 Limitations 
The results of the report are not suitable for public comparative assertions, as they do 
not meet the requirements of ISO LCA standards. As secondary data has been used to 
calculate the CO2eq emissions, the results will not be applicable to components with 
other technical specifications or countries of production than those explicitly stated in 
this report.  

2.4 Delimitations  
For the LCA and the subsequent comparison between the two methods of lighting, a 
general solar lantern has been modelled based on the Single Solar lamp from the 
company EcoZoom. The components of the lantern have been delimited to a LED light 
bulb, a PV module and a lithium-ion (Li-ion) battery.  
 
Recycling, incineration or other types of disposal, apart from landfill, of the solar 
lanterns will not be considered in the LCA. While this is relevant for a full picture of the 
amount of CO2eq emissions during the lantern’s lifetime, functional recycling and 
incineration facilities are rare in sub-Saharan Africa. Thus, the most probable form of 
disposal is landfill. The system boundaries for the LCA can be seen in figure 4.  
 
While the usage of kerosene lamps is widely spread throughout the developing world, 
this report will solely focus on the region of sub-Saharan Africa, mostly on Kenya. The 
kerosene lamps analyzed have been chosen based on data available to the authors, and 
have been delimited to two types of lamps. These are “simple lamps” and “hurricane 
lamps”, and for each of these two standard models have been selected.  
 
A polycrystalline silicon solar cell has been chosen as the solar cell in the lantern, as 
these are the most commonly used type of cell. It is assumed that the solar lanterns do 
not emit any CO2eq during the utilization stage of the life cycle.  
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Since transportation has an insignificant effect on the CO2eq emissions, no 
transportations will be included in the LCA. This aspect will be further discussed in the 
sensitivity analysis. Finally, this report will only take CO2eq emissions into 
consideration. 

3. Background 

3.1 Household air pollution  
More than four million people die prematurely each year as a result of using kerosene 
lamps for lighting and from other forms of HAP emitting activities (WHO, 2016). These 
indoor pollutants, inflame airways and lungs, reduce the oxygen-carrying capacity of 
the blood and impair immune response, which in turn causes diseases that lead to 
premature deaths. These diseases are presented in figure 1. BC inhaled from HAP is the 
reason for almost half of pneumonia deaths in children under the age of five years. 
(WHO, 2018b) 

 
Figure 1: Diseases caused by HAP. (WHO, 2018b) 

3.1.1 Black carbon and climate 
Due to the large number of users of open fire cooking and kerosene lamps, their 
emissions do not only affect individual households but also contribute to climate 
change. BC absorbs sunlight and emits heat, thus contributes to climate change. It only 
remains in the atmosphere for a few weeks, unlike CO2 which remains in the 
atmosphere for hundreds of years (Tedsen, 2013). Despite its short lifespan, BC absorbs 
a million times more energy per unit mass than CO2. BC also contributes to the melting 
of glaciers as it reduces the amount of light they reflect when it settles upon the ice and 
snow surfaces. (WHO, 2016) 
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HAP account for 25 % of the global BC emissions, and after CO2 BC is estimated to be 
the most important contributor to global warming and is therefore the world’s second 
largest contributor to climate change. However, since BC has such a short lifespan in 
the atmosphere, reducing it would almost instantly slow global warming. (WHO, 2016) 

3.2 Kerosene lamps 
The first lamp solution was the oil lamp, developed thousands of years ago. It consists 
of a non-flammable material as a container, which is filled with fat or oil and a wick to 
lit on fire. Kerosene was invented by medical doctor and geologist Abraham Gesner in 
the year 1846. Kerosene has stronger light and a better durability than oil and has been 
commonly used as fuel for lamps since the 1860s (History of Lamps, 2018). The lamps 
are similar to the oil lamps and consist of a vessel filled with kerosene and a wick which 
is lit to create lighting (Encyclopaedia Britannica, 2018). Nowadays the lamps are rarely 
seen in western countries, although they are still widely used in rural Africa, where 
about 53 % of the households use either kerosene or oil lamps for lighting purposes 
(WHO, 2016). 
 
7-9 % of the fuel burned in kerosene lamps is converted into particulate emissions 
which are almost 100% BC (WHO, 2016). Worldwide, 270 000 tonnes of BC are 
emitted through the usage of kerosene lamps. This is equivalent to the warming of about 
183 millions of tonnes of CO2. The most significant factor of how much BC is emitted 
by a kerosene lamp is the lamp type. The two lamps investigated in this study are a 
simple lamp and a hurricane lamp (see figure 2). During its lifetime, a simple lamp -
emits less CO2, but more BC than a hurricane lamp (Tedsen, 2013).  

 
Figure 2: A simple lamp and a hurricane lamp. 

 

3.3 Solar lanterns  
One viable alternative to kerosene lamps are off-grid solar lanterns, which operate on 
sunlight. The solar lanterns are composed of LED lamps powered by electricity from 



 
6 

 

batteries, charged using a PV system (Foster, 2009). In this study, a general solar lantern 
has been modelled based on the EcoZoom Single Solar light (see figure 3). The Single 
Solar comes with a 1.7W, 6V polycrystalline solar panel, one solar powered LED lamp 
and one Li-ion battery. The LED lamp has a lifetime of 17 years, the battery 3 years, 
whereas the solar panel has an expected lifetime of 30 years. (EcoZoom, 2018) 
The solar lanterns have a lower monetary operating cost than kerosene lamps since, 
unlike kerosene, sunlight as fuel is free. In addition, they often have the ability to 
provide power supplies for other devices, such as charging mobile phones. However, 
solar lanterns are dependent on the weather and generally have a higher initial cost.  
During utilization, the solar lanterns are assumed to have zero CO2eq emissions. The 
emissions accounted for, all occur during the raw material extraction and production 
stage.  

 

Figure 3: Solar lantern. 

3.4 Energy mix 
All countries have specific energy mixes, which describe how their electricity is 
produced. The energy mix of a country consists of different methods of electricity 
production, such as renewable, coal, oil, gas and nuclear (Anderson, 2013). In an LCA, 
the energy mix of the country or countries, where different energy requiring activities 
take place, is taken into consideration. In this study a large amount of the CO2eq 
emissions comes from the production stage. Because of this, the country of production 
of the different components will be carefully regarded when gathering data for the LCA.  

4. Methodology 
Life cycle assessment, is a commonly used method for displaying a broad picture of a 
product’s environmental impact, from its creation to its disposal or recycling. An LCA 
may, among other things, be used for comparing effects of using different products and 
ways of production (Matthews et al., 2015). The former is the reason why an LCA is 
suitable for this project.  
 
There is a distinction made between simple and complex life cycles, e.g. the life cycles 
of a paperclip (simple) and a car (complex). Although the life cycle of a paperclip is 
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regarded as simple, once all aspects of its production and usage is taken into 
consideration the complexity of its LCA quickly escalates. Even the most basic of 
products have complex life cycles. This is why delimitations have to be detailed and 
chosen carefully (Matthews et al., 2015).  
 
When performing an LCA, the goal of the study must clearly state the intended 
application, reasons for carrying out the study, what the results will be used for and for 
what audience the results are intended (Matthews et al., 2015).  
 
The functional unit is often considered as one of the most important parts of an LCA. 
The functional unit is a reference to which all input and output data are normalized and 
it must be clearly defined, unambiguous and measurable. It is comprised by quantity, 
quality and duration (Röös, 2016). It should quantify the function in a way that makes it 
possible to relate it to the relevant inputs and outputs. For two impacts to be compared, 
the same functional unit must be used. (Matthews et al., 2015) 
 
There are aspects that are not possible to include in an LCA. For example, the method 
does not take ethical aspects, cost and time efficiency or work intensity into 
consideration. (Matthews et al., 2015)  

4.1 Goal 
The goal of this LCA study is to calculate the amount of CO2eq that are released during 
the life cycle of a solar lantern and compare the results with data on CO2eq from 
kerosene lamps, to find out their impact on GHGs. This study is a solely a theoretical 
evaluation of probable effects from implementing solar lanterns to mitigate negative 
health and climate effects caused by the use of kerosene lamps in sub-Saharan Africa. 
As the LCA will not follow ISO LCA standards, it will not be suitable for official 
purposes. The results will however be communicated to people or companies who may 
use them for comparative assertions about health and environmental impacts.  
 
CO2eq emissions from kerosene lamps will be compared with those from solar lanterns. 
While the emissions from solar lanterns will be calculated, the emissions from kerosene 
lamps will be gathered through literature studies and other secondary sources. 

4.2 Scope 
The scope of an LCA includes a functional unit, which is a reference to which all input 
and output data are normalized. The functional unit must be clearly defined, 
unambiguous and measurable. The scope also includes the product system and system 
boundary.  

4.2.1 Functional unit 
There are two major factors that this study takes into consideration - GHG emissions 
and health problems, such as reduced life expectancy following usage of kerosene 
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lamps. The health problems are not covered in the LCA, but gathered through literature 
studies. To evaluate GHG emissions the functional unit one daily lit household has been 
chosen. Daily lit refers to 4 hours of lighting, as kerosene lamps on average provides 4 
hours of light per day (GOGLA, 2016). A time period of 30 years has been chosen as 
this is the assumed time of durability for the PV modules studied, after which no 
reparations can be made and the system will have to be disposed. 
 
Question to be answered: 
 
● How much CO2eq emissions per one daily lit household will there be with solar 

lanterns during a span of 30 years?   

4.2.2 Product system and system boundary 
Products are defined as “any kind of good or service”. Processes are the activities within 
the system that transforms inputs to outputs. The system boundary notes which subset of 
the collection of processes and flows that are part of the study (Matthews et al., 2015). 
A process flow diagram is used to clearly state the product system as well as its major 
processes and system boundary. In the diagram, arrows represent flows and boxes 
represent processes. The process flow diagram is displayed in figure 4.  
 
The system studied has been limited to the raw material extraction, production, 
utilization and disposal in the form of landfill of one solar lantern. Data on kerosene 
lamp emissions will be gathered through literature studies and a full LCA will not be 
performed on kerosene lamps. 

 
Figure 4: General process flow diagram 

4.3 Data conversion 
All gathered data has not been given in CO2eq, which is the unit that will be used for 
comparison between the two methods of lighting. 
 
Global warming potential, or GWP, is a measurement where a particle’s potential to 
heat the atmosphere is normalized to that of a CO2 particle. Since BC only lingers in the 
atmosphere for a couple of days, compared to CO2 which can stay in the atmosphere for 
more than 100 years, its warming effect may differ a lot in different places. Therefore, it 
is difficult to convert BC to CO2eq. In order to compare the effects of the two, GWP 
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conversion is normalized to the effect CO2 has on the atmosphere over 100 years. (EPA, 
2018) 
 
A conversion table from the Intergovernmental Panel on Climate Change, has been used 
to convert BC emissions to GWP, or CO2eq. The table is presented in table 1. (Clark, 
2013) 
 

Table 1: Conversion of BC’s heating effect to GWP. (Clark, 2013) 

Region of BC emissions GWP factor over 100 
years 

Global average 680 

Africa 677 

5. Life Cycle Inventory and Data collection  

5.1 Solar lanterns 
The assessed solar lantern contains a Li-ion battery, a common LED lamp and a small 
PV system. This is shown in figure 5 as an expansion of the two first process steps from 
the general flow diagram. The plastic frame and steel hook included in the Single Solar 
Light have been excluded in the LCA, since their impact on the total CO2eq emissions is 
considered negligible. The CO2eq emissions of the solar lantern during the utilization 
phase are assumed to be zero.  

 
Figure 5: Expansion of process 1 & 2 in figure 4. 

5.1.1 PV module 
A majority of the world’s PV modules are produced in China, and so an assumption has 
been made that the modules used in the solar lanterns also are produced in China 
(International Energy Agency, 2018). The Chinese energy mix is shown in figure 6. As 
a large portion of the energy is generated from fossil fuel, the production process emits 
more kg CO2eq than it would if it had taken place in a region with less dependence on 
coal and oil.  
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Figure 6: Chinese energy mix. (U.S. Energy Information Agency, 2015) 

 
The production of one polycrystalline PV module causes emissions of 210 kg CO2eq 
per m2 (Kristjansdottir et al., 2016), thus the total amount of CO2eq emissions are given 
by  

[𝐸𝑚𝑖𝑡𝑡𝑒𝑑	𝐶𝑂2𝑒𝑞	𝑖𝑛	𝑘𝑔] 	= 	𝐴	[𝑚3] ∗ 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠	[78	9:;<=
>; ].   (1) 

 
As the PV module included in the Single Solar lamp has an area of 0.0281 m2, the total 
amount of CO2eq emissions from its production is  
 

𝐸𝑚𝑖𝑡𝑡𝑒𝑑	𝐶𝑂2𝑒𝑞	𝑖𝑛	𝑘𝑔 = 	0.02805	 𝑚3 ∗ 210	 78	9:;<=
>; = 5.89058	[𝑘𝑔	𝐶𝑂3𝑒𝑞]. 

 
The total amount of CO2eq emitted from the production of one PV module is 5.89 kg.  

5.1.2 LED lamp 
The EcoZoom solar lantern uses a LED lamp. Since lack of data on the specific lamp 
that EcoZoom uses, a standard LED lamp from OSRAM has been evaluated. The LED 
lamp has an effect of 8 W and a flux of 345 lumen. The average lifetime of one bulb is 
25 000 hours and they are easily replaced after being used. During the lifetime of the 
solar lantern, approximately 2 LED lamps will be used. (OSRAM, 2018) 
 
The LED lamp has a GWP of 2.4 kg CO2eq during production, based on an average 
lifetime and with German energy mix (OSRAM, 2018). The German energy mix in 
2017 is shown in figure 7. If the lamp were produced in a different country, e.g. China, 
the outcome would be different.  
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Figure 7: German energy mix. (Morris, 2018)  

 
Assuming the lamp is used four hours a day it will last for 
 

 3E	FFF	[G]

(IJE.3E	∗	K)	[ M
NOPQ]

= 17.1	[𝑦𝑒𝑎𝑟𝑠]. 

 
For one daily lit household during 30 years at least two LED lamps will be used and the 
total CO2eq emissions from the lamp during the lifetime of the studied system will be 
  

2.4	[𝑘𝑔	𝐶𝑂3𝑒𝑞] ∗ 2	[𝑙𝑎𝑚𝑝𝑠] = 4.8		[𝑘𝑔	𝐶𝑂3𝑒𝑞]. 

5.1.3 Battery 
The battery used in the Single Solar lamp is a Li-ion battery. Data was retrieved from a 
report studying Li-ion batteries used in electric vehicles, it is stated that the emissions 
produced scale linearly with increased weight (Romare and Dahllöf, 2017). As the data 
is given in kg CO2eq/kWh, the kWh of the batteries of the Solar Single lamp was used 
to find the resulting emissions for the batteries. Table 3 shows the gathered data. 
 
In the production of Li-ion batteries, the largest amount of CO2eq emissions originates 
from the electricity production during the production phase. The report from which the 
data was collected gathers findings from several different studies and presents a general 
result based on these studies. Therefore, the CO2eq emissions has been calculated using 
different energy mixes, including China, Sweden and the United States. The batteries 
are assumed to be recycled.  (Romare and Dahllöf, 2017) 
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Table 2: CO2eq emissions during the life cycle of Li-ion batteries. (Dahllöf and Romare, 
2017) 

Steps in the life cycle of a battery  kg CO2eq/kWh 

Raw material extraction and 
material processing 

60-70 
  

Battery production 70-110   

Recycling 15 

Total 145-195  

 
The capacity, E in watt hours, of a battery is calculated by  
 

       𝐸	 = 	𝑈	 ∗ 	𝐼		 ∗ 	𝑡	   (2) 
 

where U is the potential in volt, I is the current in ampere and t is the time in hours. 
The Li-ion batteries used in the solar lantern have an electric potential of 3.7 V and an 
electric charge of 2200 mAh (EcoZoom, 2018). Using equation (2), the kWh capacity 
can be calculated as 8.14 Wh. The studied LED lamp has an effect of 8 W. As the 
studied LED lamp has an effect of 8 W, a battery capacity of  
 

8	 W ∗ 4	 ℎ = 32	[𝑊ℎ], 
 

is needed to provide lighting for one f.u.. As each battery has an effect of 8.14 Wh,  
 

I3	[_G]
`.aK	[_G]

∗ 4	 ℎ = 3.93	[𝑏𝑎𝑡𝑡𝑒𝑟𝑖𝑒𝑠]		»	4	[𝑏𝑎𝑡𝑡𝑒𝑟𝑖𝑒𝑠]  

 
are required to provide lighting for one f.u.. Furthermore, the stated time of durability is 
3 years, which means that the batteries will need to be replaced ten times during the 30-
year lifespan of the solar lantern. Thus, the total amount of batteries used is 
 

4	 𝑏𝑎𝑡𝑡𝑒𝑟𝑖𝑒𝑠 ∗ 10 = 40	[𝑏𝑎𝑡𝑡𝑒𝑟𝑖𝑒𝑠]. 
 

Using table 2 and the results from equation (2), the amount of CO2eq emissions from 
one battery used in the solar lantern is calculated to 1.18 - 1.59 kg CO2eq. This means 
that the total CO2eq emissions from batteries during the lifetime of the studied system 
will be 47.2 – 63.6 kg CO2eq for 30 years of use, with mean value 55.4 kg CO2eq.  

5.1.4 End of life 
As developing countries tend to lack the type of facilities needed to recycle the 
components of the solar lantern, recycling has not been taken into consideration in this 
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LCA (Espinosa et al., 2011). It is assumed that the solar lantern will be used as landfill. 
Whereas organic landfill emits CH4 (methane), CO2 and other gases, electronic landfill 
does not. Therefore, the impact on global warming from one disposed solar lantern from 
a CO2eq perspective is deemed negligible. (Börjesson et al., 1998) 
 
However, disposed solar lanterns are included in the up to 50 million metric tonnes of e-
waste that is disposed globally each year (Durlinger et al., 2012). Because of the many 
hazardous compounds included in e-waste, it is a global environmental issue.  
Uncontrolled disposal of these hazardous materials leads to potential risks to human 
health as well as the environment. (Swedish Environmental Protection Agency, 2011) 

5.2 Kerosene lamps 

5.2.1 CO2eq 
During its lifetime, which is estimated to 10 years, a simple lamp emits 74 kg of CO2, 
while a hurricane lamp emits 390 kg of CO2. Particulate emissions, which mainly 
consists of BC, was 9.8 kg for a simple lamp and 4.5 kg for a hurricane lamp (Dave, 
2009). The total CO2eq emissions for the simple lamp was calculated to: 
 

74	 𝑘𝑔	𝐶𝑂3 + 9.8	 𝑘𝑔	𝐵𝐶 ∗ 	677	 = 	6708.6 [𝑘𝑔	𝐶𝑂3𝑒𝑞] 
 

and the total CO2eq emissions for the hurricane lamp was calculated to 
 

390	 𝑘𝑔	𝐶𝑂3 + 4.5	 𝑘𝑔	𝐵𝐶 ∗ 	677	 = 	3436.5	[𝑘𝑔	𝐶𝑂3𝑒𝑞].	
	

The wick is often made by hand locally and with scrap materials. Due to lack of data on 
industrial production of such wicks, the emissions from the production of wicks for 
either kerosene lamp are assumed to be zero. Data on combustion of the wicks was 
gathered and presented by Dave (2009), where emissions were calculated from 
measurements of wick combustion in hurricane lamps (see table 3). 
  
Table 3: Data for simple kerosene lamp and hurricane lamp during utilization stage of 

life cycle. (Dave, 2009)  

Performance Simple lamp Hurricane lamp 

Rate of energy use (liters/hours)  0.01 0.03 

Replacement wicks (number per year)  6.4 3.2 

Replacement wicks (per 30 years)  192 96 
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5.2.2 HAP 
HAP causes 4.3 million premature deaths annually. Kerosene lamps alone emit 270 000 
tonnes of BC each year, of which 53 % comes from sub-Saharan Africa. This is equal to  
143 100 tonnes of BC. Consequently, if all kerosene lamps were replaced by solar 
lanterns the BC emissions would decrease by the same amount. However, due to other 
HAP emitting activities all BC emissions would not disappear completely by replacing 
kerosene lamps, but it would still decrease BC emissions significantly and thereby 
reduce the number of premature deaths and health complications.    

6. Results 

6.1 CO2eq 
The results have been calculated using addition and multiplication of the components’ 
respective CO2eq emissions. The number of wicks was calculated using the annual 
usage of wicks, as presented by Dave (2009) and seen in table 5. A reference flow chart 
is presented in figure 8, where the required quantities of all products and their 
components that are needed for 30 years are stated.  
 

Figure 8: Reference flow chart. 
 
The functional unit of the LCA is one daily lit household, and results of the LCA are 
presented in the amount of CO2eq per lifetime of a solar lantern in table 6. This can then 
be calculated to emissions per f.u.. As mentioned previously, daily lit household refers 
to an average-sized household in sub-Saharan Africa being supplied with lighting for 4 
hours each day. 
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Table 4: Results and total amount of kg CO2eq per during the life cycle of the solar 
lanterns. 

Component kg CO2eq over 30 years 

PV module 5.8905 

LED lamp 4.8 

Battery 55.4 

Total 66.0905 
 
Since the amount of CO2eq emissions from the solar lantern was calculated using a 30-
year lifetime, the amount of CO2eq emissions per f.u. was calculated through  
 

𝜙g.h.	[
78	9:;<=

ijklm	lkn	Gohp<Goli
] .      (3) 

 
For the solar lantern, the amount of CO2eq per f.u. over 30 years was calculated to 
 

JJ.FqFE	[78	9:;<=]
IF	[m<jrp]	∗	IJE.3E	[ijmp]

= 	0.00603	[ 78	9:;<=
ijklm	lkn	Gohp<Goli

]. 

 
Data gathered on kerosene lamps was calculated using a daily usage of 5.2 hours (Dave, 
2009). The kerosene data was adjusted to the emissions per functional through 
  

𝜙g.h.[
78	9:;<=

ijklm	lkn	Gohp<Goli
] 	= 	 [78	9:;<=]

aF	[m<jrp]	∗	IJE.3E	[ijmp]	∗	E.3	[G]
∗ 4	[ℎ].            (4) 

 
For the simple lamp the amount of CO2eq per functional unit was 
 

JsF`.J	[78	9:;<=]
aF	[m<jrp]	∗	IJE.3E	[ijmp]	∗	E.3	[G]

∗ 4	 ℎ = 1.413	[ 78	9:;<=
ijklm	lkn	Gohp<Goli

], 

 
and for the hurricane lamp the amount of CO2eq per functional unit was 
 

IKIJ.E	[78	9:;<=]
aF	[m<jrp]	∗	IJE.3E	[ijmp]	∗	E.3	[G]

∗ 4	 ℎ = 0.7237	[ 78	9:;<=
ijklm	lkn	Gohp<Goli

]. 

 
These results are presented in table 5 and figure 9. 
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Table 5: CO2eq emissions per f.u.. 

Lighting Source Emissions per f.u. 

Solar lantern 0.006 

Simple lamp 1.4 

Hurricane lamp 0.7 

  

 
Figure 9: CO2eq emissions per f.u. (daily lit household). 

 
The emissions per f.u. over a 30-year lifetime was 66.1 CO2eq for the solar lantern. An 
average kerosene lamp had a lifetime of 10 years. The emissions during a lifetime for a 
simple lamp was 5 160 kg CO2eq, and 2 640 kg CO2eq for a hurricane lamp. The 
emissions per functional unit over a 30-year lifetime was 15 500 kg CO2eq for the 
simple lamp and 7 930 kg CO2eq for the hurricane lamp (see table 6). 

 
Table 6: CO2eq emissions per daily lit household over 30 years. 

Lighting source kg CO2eq/f.u. over 30 years 

Solar lantern 66.1 

Simple lamp 15 500  

Hurricane lamp 7 930 
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Figure 10: CO2eq emissions during the lighting sources’ respective lifetimes. 

  

6.2 Health effects 
Replacing kerosene lamps with solar lanterns would lower BC emissions in sub-Saharan 
Africa by 143 000 metric tonnes annually. This would in turn lead to a reduced number 
of premature deaths due to diseases caused by HAP.  

7. Sensitivity analysis 
Different solar lanterns have different types of batteries, light bulbs and PV modules. 
While the components studied in the LCA has been chosen to represent a general solar 
lantern, there were assumptions and simplifications that had to be made in order to 
generate a result. Choosing other components would affect the results.  
 
The data used has been gathered from secondary sources. While the authors have found 
the most accurate data available, precise data has not been available on the exact studied 
system. Use of data from other reports and publications would therefore affect the 
amount of CO2eq emitted from kerosene lamps and the solar lanterns, as well as the 
outcome of the comparison between the two. This data includes specifications regarding 
the time of durability for the different components. As there is a possibility that 
components might be damaged after a shorter amount of time, more components or 
entirely new solar lanterns might have to be purchased. This would increase the amount 
of CO2eq emitted over 30 years.  
 
If the piece of PV panel in the solar lantern would have been made from waste material 
from production of larger PV systems, the CO2 emissions in the production of the solar 
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lantern would have been lower. A similar effect would have been achievable by 
recycling waste material from used solar lanterns.  
 
The geographical location of production, utilization and disposal also impacts the 
results. If all the components of the lanterns would have been produced in e.g. Sweden, 
the energy mix would be very different compared to that of China or Germany (where 
the evaluated products are manufactured). Developed countries tend to have an energy 
mix with a larger portion of energy from renewable sources, whereas developing 
countries rely more on fossil fuels such as oil and coal. 
 
The LCA does not consider CO2eq emissions from transports of materials, components 
and finished products. If the components of the solar lantern and the lantern itself would 
have been produced in Kenya, there would be minimal emissions from transportation. 
However, if it had been assumed that all components were produced and assembled in 
China, and that the solar lanterns were transported by an average deep-sea vessel 
carrying 11 000 kg of cargo that emits 8.4 g CO2eq per km (McKinnon and Piecyk, 
2010), from Shanghai to Mombasa in Kenya, a route with a distance of 11 400 km 
(SeaRates, 2018) as well as that each solar lantern had a shipping weight of 250 g 
(EcoZoom, 2018), the emissions from transportation would have amounted to  
  

`.K∗aFtu	[vw	xy;Ozv{ ]∗aaIs3.JK	[7>]	

aaFFF	[78]	∗	K	[|h>}<r	og	poljr	lj|n<r|p	~<r	78]
= 0.0021711		[ 78	9:;<=

poljr	lj|n<r|
].	

	
This shows that including the transportation would only add 0.002 kg to the total 
amount of CO2eq emitted from the solar lantern life cycle, thus it is not a significant 
factor.  
 
Including BC emissions increased the CO2eq emissions significantly. As seen in figure 
11 and table 7, the exclusion of BC emissions would give a more balanced comparison, 
though not an accurate one. Although the solar lantern would still emit the smallest 
amount of CO2eq, the simple wick lamp would release the largest amount of CO2eq of 
the three alternatives.  
 
When excluding BC the results were the same for the solar lantern, and for the simple 
lamp the emissions would be  
 

sK	[78	9:;<=]
aF	[m<jrp]	∗	IJE.E	[ijmp]	∗	[E.3G]

∗ 4	 ℎ = 0.015585	[ 78	9:;<=
ijklm	lkn	Gohp<Goli

]  

 
and for the hurricane lamp the emissions would amount to  
 

IqF	78	9:;<=
aF	[m<jrp]	∗	IJE.E	[ijmp]	∗	E.3	[G]

∗ 4	[ℎ] 	= 0.0821355	[ 78	9:;<=
ijklm	lkn	Gohp<Goli

] . 
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Table 7: CO2eq emissions with and without BC. 

Lighting source With BC Without BC 

Solar lantern 0.006 0.006 

Simple lamp 1.4 0.016 

Hurricane lamp 0.7 0.08 

 

 
Figure 11: CO2eq emissions with and without BC. 

8. Discussion 
While it is clear that substituting kerosene lamps with solar lanterns would be beneficial 
from a health perspective, there are long term effects that are important to take into 
consideration. Electronic waste that comes from importing technology to regions with 
low standards of waste infrastructure is harmful for the environment as well as the 
people working at scrap yards where the e-waste is incinerated. Producing solar lanterns 
that are easily repairable and recycled is therefore of great importance, if solar lanterns 
are to be sustainable from a health perspective in the long run.  

8.1 Social impact 
There are a number of positive social impacts that come from a broader access to 
lighting that have not been taken into consideration in this report. These include how 
income and productivity would increase due to shops being able to stay open longer at 
night as well as how children would be able to read and study more with a brighter and 
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more stable source of lightning, which could lead to a higher level of education. 
Lightning also helps to prevent accidents in homes and can improve safety in 
community settings and refugee camps. (WHO, 2016) 
 
Replacing kerosene lamps would also decrease the amount of accidents that occur due 
to kerosene usage. These accidents include children mistaking kerosene for water, 
which is potentially fatal, as well as fires breaking out in the household. (WHO, 2016) 

8.2 Global warming 
BC is a major factor to the global warming but also short lived, unlike greenhouse gases 
such as carbon dioxide (CO2), methane (CH) or nitrous oxide (N2O), which means that 
reduced emissions will have a rapid impact on global warming. The use of kerosene 
lamps causes 270 000 tonnes of BC emissions globally every year. Over the next 20 
years, eliminating these emissions would be equal to reducing almost 4 gigatons of CO2. 

8.3 Household air pollution  
There are many benefits unrelated to global warming that would come from replacing 
kerosene lamps with solar lanterns. These mostly include a reduction of HAP, which 
causes diseases that lead to premature deaths.  
 
Apart from the physical effects, there are also social aspects regarding HAP emitting 
activities. WHO (2016) discusses the fact that women are more affected by HAP as they 
spend more time taking care of the household, cooking and looking after children. Over 
60 % of the people who die from HAP related diseases are women and children. Among 
the children, the risk for diseases such as pneumonia was larger for girls than for boys, 
as girls were kept in kitchen environments up till an older age than boys. 
 
As quantitative data on BC’s effect on the human body was unavailable, no precise 
results on complications due to inhalation of BC emissions from kerosene lamps have 
been presented. It is however probable that if a household uses kerosene lamps for 
lighting, it has either an unstable or not existing connection to the electric grid. If there 
is no electricity it is reasonable to assume that cooking is done over an open fire, which 
also is a source of BC emissions and would have a similar effect to that of kerosene 
combustion. It is therefore difficult to make a distinction of what is caused by kerosene 
lamps and what is caused by open fire cooking or other HAP emitting activities.  

8.4 E-waste  
Even though the disposal of a single solar lantern does not emit a considerable amount 
of CO2eq, large quantities of e-waste are a risk to the environment as well as to human 
health. If solar lanterns are to replace kerosene lamps, there would be a significant rise 
in discarded material. Apart from political solutions, the best way of mitigating e-waste 
from PV systems would be to design and produce products that are easier to recycle and 
that contain less hazardous materials. (Silicon Valley Toxics Coalition, 2018)  
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8.5 Extension of the model 
The model could have been extended through further studies on recycling, incineration 
and landfill as well as other methods of disposal of the solar lantern. Recycling 
infrastructure in sub-Saharan Africa is not as advanced as in developed countries, and 
most e-waste is incinerated or used as landfill. Both of these methods lead to harmful 
substances being released into the ground or air, and affects people and the environment 
in a harmful manner.  
 
Another extension could have been the inclusion of a full life cycle assessment of 
kerosene lamps, as this would have contributed to a better comparison of the two 
alternatives. Further studies on kerosene combustion would also present more detailed 
results regarding health effects from HAP.  
  
The lamp chosen as a base for the lamp in the LCA was the EcoZoom Single Light. 
With more time and for a more general result, several lamps could have been chosen 
and a model of a general lamp could have been created from the technical specifications 
of the different lamps.  

10. Conclusion        
During one solar lantern’s lifespan of 30 years, approximately 3 kerosene lamps will be 
used. The functional unit one daily lit household was used to compare the effects of the 
two lighting products. It was initially assumed that the major impact from substituting 
kerosene lamps with solar lanterns would be mitigating CO2 emissions. However, the 
final results show that the most beneficial effect would be a reduction of BC emissions 
and their subsequent effects on the environment, climate and human health. 
Furthermore, the sensitivity analysis displays the importance of including BC emissions 
when studying the effects of kerosene lamps.  
 
Premature deaths and the risk of fire caused by kerosene would decrease. Since solar 
lanterns have a better light scattering the risk of accidents would probably decrease and 
it would make it easier for children to study in the evening which would lead to a higher 
level of education. Furthermore, a more educated population would lead to a higher 
amount of productivity which in turn leads to wealthier countries and regions. Other 
positive social aspects include an improvement in gender equality and safer 
surroundings due to lighting.  
 
Location is a relevant factor for kerosene lamp emissions since the major pollutant from 
kerosene combustion is BC, for which the GWP varies depending on geographical 
location.  
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