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Abstract 

Among the 17 UN Sustainable Development Goals which constitutes the 2030 Agenda for 

Sustainable Development, SDGs 7 calls for ensuring access to affordable, reliable, sustainable 

and modern energy for all. As of today, access to electricity is still denied to 1.1 billion people 

in the world, half of which lives in Sub-Saharan Africa. Various technologies exist, that could 

help in filling this gap. According to the International Energy Agency’s Energy Access Outlook 

2017 report, geospatial modelling indicates that solar PV mini-grids represent the least costly 

solution for around three-quarters of the connection needed to achieve 100% electricity 

access in Sub-Saharan Africa. Looking into this direction, a recent report from the Ministry of 

Energy and Petroleum of Kenya, quotes an analysis commissioned by DFID to iED, according 

to which, solar PV mini-grids are the best option to serve around 15% of the population. This 

technology would therefore be of strategic importance for helping Kenya in reaching their 

internal target of universal electricity access by 2020. 

Based on the evidence gathered by DFID and iED, the present Master’s Thesis aims at 

identifying the sustainable development impacts of solar PV mini-grids in Kenya, assessing their 

environmental, societal and economic impacts, to understand which consequences their 

implementation could bring. To analyse this, it compares a “policy scenario” where households 

are connected to a solar PV mini-grid, with the current situation where electricity is lacking. 

Furthermore, for a more comprehensive and productive discussion, it will consider the most 

likely alternative assumed to provide a similar level of electricity access, namely the National 

grid. 

For this purpose, the Initiative for Climate Action Transparency (ICAT) Sustainable Development 

guidance is used, since it allows the evaluation of the trade-offs between environmental, social 

and economic impacts. Life Cycle Assessment is used to quantify the environmental impacts, 

while a qualitative approach is adopted to evaluate most of the social and economic 

implications. Additionally, findings are reported using the SDGs’ Framework, to show how the 

policy can contribute to the Agenda 2030. An uncertainty and sensitivity analyses are finally 

performed to evaluate how the results are affected by the various assumptions of the study.
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1. Introduction 
This Introduction aims at providing the reader with the necessary background useful to better 

understand the study and the motivations at the base of it. 

The Chapter follows the structure presented in Figure 1, which shows how the level of details is 

gradually narrowed down, until the Purpose of the Thesis is fully clear. 

 

Figure 1.  Structure of the Introduction Chapter, setting the context of the assessment. 

1.1. A vision of sustainability based on the SDGs 

The history of the Sustainable Development Goals (SDGs) starts in 2012 in Rio de Janeiro, where 

at the United Nations Conference on Sustainable Development, the member states of the 

United Nations came together to create a new sustainable development agenda that would 

substitute the Millennium Development Goals MDGs1. In the outcome document of that 

conference, called “The Future We Want”, they agreed on the necessity to develop a set of 

universal and transformative goals, which would help mainstreaming a vision of sustainable 

development based on economic prosperity, social progress and environmental protection, 

to finally eradicate poverty and transform our planet into a just, equitable and inclusive world 

(United Nations, 2012).  

 In 2014, through the Open Working Group, UN Member States proposed a set of 17 SDGs, to 

serve as a reference for the period 2015-2030. At the United Nations Sustainable Development 

                                                      
1 The MDGs consists of eight development goals, which were in force for the period 2000-2015, designed for improving 

the life of the poorest. 

A vision of sustainability 
based of the SDGs

Electricity Access for All

Kenya: country context

Kenya's path to universal 
electricity access
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grids
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Summit in September 2015, more than 150 world leaders adopted the new 2030 Agenda for 

Sustainable Development, committing to the SDGs and their specific targets. This set of goals, 

presented in Figure 2, is comprised of 17 indivisible and interrelated goals, touching the three 

dimensions of sustainability: social, environmental and economic. For each of the goals, a 

number of specific targets is identified, and adequate indicators are specified in order to map 

progress, resulting on 169 target and 243 indicators (United Nations, 2017a). 

 

Figure 2. The 17 UN Sustainable Development Goals (SDGs). 

According to the first of the Bellagio principles, the starting point of any sustainability 

assessment should be to establish a vision of sustainable development and clear goals (Waas 

et al., 2014). The base for the sustainable development vision followed in this Thesis is 

represented by the Brundtland definition which states that “sustainable development is the 

kind of development that meets the needs of the present without compromising the ability of 

future generations to meet their own needs”(Brundtland, 1987). 

The SDGs are a roadmap that needs to be followed, if this kind of development is to be 

achieved, and are therefore used as sustainable development framework in this Thesis. 

As also reported by the Asian Development Bank (ADB), present and future climate mitigation 

projects will take place within the SDGs framework and it is therefore vital for any sustainability 

assessment, such as the one presented in this thesis, to comply with Agenda 2030 (Asian 

Development Bank, 2017).  

1.2. Electricity Access for All 

Electricity access is central to achieve a good standard of living. Looking at the last century is 

undeniable that electricity has shaped the world where we live today, allowing us to build, 

develop, interact, learn, and prosper at a level never seen before. 

Electricity access and energy access more in general, made it possible for what are known 

today as developed countries to move from an agriculture-based lifestyle to the industrial and 
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knowledge-based economy that we know today, which in turn provided the means for 

economic growth to explode. 

It is not a coincidence that with the adoption by the international community of the 2030 

Agenda for Sustainable Development, one of the 17 goals, SDG 7, has been specifically 

dedicated to Energy Access for All (Figure 3).  

 

Figure 3. SDG 7: Ensure access to affordable, reliable, sustainable and modern energy for all. 

But this is not to be taken separately, in fact, in the interrelated SDGs’ Framework, access to 

affordable, reliable and clean energy for all will be essential to achieve many other goals such 

as Poverty (SDG 1), Health and Well-being (SDG 3), Gender equality (SDG 5), Decent Work and 

Economic Growth (SDG 8) and Industry, Innovation and Infrastructure (SDG 9) (International 

Energy Agency, 2017). 

Although the invention of the first light bulb is almost 140 years old, access to electricity is still 

denied to 1.1 billion people in the world, half of which lives in Sub-Saharan Africa(United 

Nations, 2017b).  

Over the last five years, electricity access has accelerated worldwide, with several countries 

being on track to achieve universal electricity access by 2030. This increase in electrification 

rate is not only due to national grid expansion plans but arises also from the declining price of 

renewables and off-grid solutions, which are making this area of investment attractive for 

entrepreneurs and finance streams (International Energy Agency, 2017). 

However, even though progress is there for all to see, it is not enough to keep pace with the 

population growth, especially in Sub-Saharan Africa, which is increasing the concentration of 

people without energy access in the region. Projections to 2030, show that out of the 674 million 

people without access to electricity in 2030, 600 million will be in Sub-Saharan Africa 

(International Energy Agency, 2017). 

1.3. Kenya: country context 

With the most powerful economy in East Africa, a strong entrepreneurial attitude and a stable 

growth rate in GDP, Kenya is a very interesting example of a progressive country, which is 

making real advancements for enhancing electricity access among its people. 

The Government of Kenya (GoK) has in fact set the ambitious target to reach 100% electricity 

access by 2020, by on and off-grid means (SE4All and Ministry of Energy and Petroleum, 2016). 
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Kenya is located in the East cost of Sub-Sahara Africa, and has a growing population 

accounting today for 48.46m people, of which 50.3% female and 49.7% male. Most of the 

population lives in rural areas (74%) while the minority lives in urban areas (26%) (World Bank). 

The economy is largely based on agriculture, with products such as coffee, tea, vegetables 

and flowers representing the majority of the country’s exports. Tourism is also an important 

source of incomes (KPMG, 2017), thanks to the many national parks and nice beaches which 

the country has to offer. 

Despite the strong economy, compared to the average in the continent, 35.6% of the people 

was still estimated to live below the International Poverty Line (IPL) in 2015/2016, dropping from 

43.6% in 2005/6 (World Bank, 2018). 

1.4. Kenya’s path to universal electricity access 

Electricity access in Kenya is expanding at a very high rate, helping the country in getting 

closer to the target of universal access by 2020. Looking at the development in the past few 

years, World Bank (2016) reports an electricity access of 36% in 2014, which has increased to 

54% in 2016. This allowed the country to position itself fairly well, compared to the average 

electricity access in Sub-Saharan Africa, which is 35% (Ministry of Energy and Petroleum, 2016). 

However, this means that 44% of the population still lacks access to electricity, with rural areas 

that, although access has more than doubled since 2015 (39.3% today vs. 16% in 2015), struggle 

to reach the urban ones (77.6%)(World Bank, 2016). Considering the urban/rural population 

share which sees the large majority of Kenyans still living in the remote areas, it becomes clear 

how necessary it is to focus on rural development, if universal access is to be achieved. This is 

both very challenging and extremely important for the social and economic development of 

the country, considered that these areas, mainly concentrated in the North of Kenya, are the 

ones lagging behind in terms of economic development, with 74% to 97% of the population 

living below the poverty line (Ministry of Energy and Petroleum, 2016). 

1.5. The role of solar PV mini-grids 

Among the different strategies adopted to increase electricity access in Kenya in the last five 

years, growing attention has been given to the role of mini-grids.  

Mini-grids are systems ranging from 10 kW to 1 MW capacity, able to power communities of 

small size, up to 1000 people. They can be powered by different sources of electricity such as 

diesel, geothermal, hydro, wind and solar (Figure 4). 
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Figure 4. Schematic overview of mini grid AC-DC system (RECP, 2015). 

Mini-grids can offer an excellent alternative to the national grid in developing countries, where 

remote areas are located far away from the main grid. Despite the high efficiency and 

reliability, mini-grids based on renewable sources such as solar and wind are limited by the 

availability of energy that the specific source can supply, and sometimes, as demand 

increases, their initial capacity needs to be upgraded. Moreover, when they operate as 

separate systems, although provided with an external battery, some of the energy produced 

and not utilized by the users gets lost.  

According to the International Energy Agency (IEA)’s Energy Access Outlook 2017, geospatial 

modelling indicates that solar PV mini-grids represent the least costly solution for around three-

quarters of the connections needed to achieve 100% access of electricity in sub-Saharan 

Africa (International Energy Agency, 2017). This is mainly due to the high annual insolation that 

these areas present. In fact, thanks to this, solar mini-grids can be deployed almost anywhere 

in countries such as Kenya (Carbon Africa Limited et al., 2015). 

Mini-grids can be grouped, according to the ownership, into private, public and community-

owned. In Kenya, most of the current mini-grids capacity is given by public mini-grids, which 

supply electricity to 61.1 thousand people, accounting for a total capacity of 24.8 MW, 

consisting of 23.7 MW diesel, 0.55 MW wind and 0.57 MW solar. Of the 21 systems active, 19 are 

owned by the Rural Electrification Authority (REA) and managed by KPLC, a state-owned utility 

company. Private owned mini-grids are less common in the country. Their capacity is normally 

below 100 kW per grid, and the 21 private mini-grids currently operating, serve between 1,000 

and 2,500 households, accounting for a capacity of 500kW. Community-owned systems are 

even less common and mainly constituted by hydropower mini-grids (World Bank et al., 2017). 
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The Ministry of Energy and Petroleum, in a recent report focused on mini-grids, quotes a study, 

commissioned by DFID to iED, according to which “around 23% of the population in Kenya is 

best served by mini-grids, demonstrating a high-potential for mini-grids deployment in Kenya” 

(Ministry of Energy and Petroleum, 2016). 

The analysis commissioned by DFID and conducted by iED in 2013, aims at analysing the gaps 

and building the evidence for Green Mini-Grid (GMG) deployment in Africa. Through a data 

collection using Geographical Information System (GIS), and economic parameters for 

electricity and connection costs, the study assess the mini-grid potential in a number of African 

countries, finding for Kenya an estimated mini-grid population of 10,181,127 people (23% of 

the total population), of which 63% would be best served by a solar-powered mini-grid (DFID 

and iED, 2013). This means that solar PV mini-grids can potentially serve around 1,457,752 

households in Kenya2. 

1.6. Purpose of the Thesis 

The Thesis aims at identifying the sustainable development impacts of solar PV mini-grids in 

Kenya, assessing their environmental, societal and economic impacts, to understand which 

consequences their implementation could bring and evaluate possible drawbacks. More 

specifically, based on the evidence gathered by DFID and iED, the report will consider a size 

of 1,457,752 non-electrified households, for which solar PV mini-grids have been claimed to be 

the best option. In doing that, it will take into consideration the current situation these 

households face, and for a more comprehensive and productive discussion, it will consider the 

most likely alternative assumed to provide a similar level of electricity access, namely the 

national grid. 

For this purpose, and as it will be presented and justified further in the next chapter, the Initiative 

for Climate Action Transparency (ICAT) Sustainable Development (SD) guidance will be used 

to guide the assessment, since it provides ground for comparison and evaluation of the trade-

offs between environmental, social and economic impacts, and works in close relation with 

the already presented SDGs’ framework. 

Having introduced the broad objectives of the Thesis, it is also worth clarifying what the thesis 

is not aimed to do. The Thesis does not represent or aim to achieve a detailed market 

assessment of mini-grids deployment in Kenya and does not explore in this sense the variety of 

business models and strategies to achieve a large-scale deployment of this technology. 

Moreover, it does not aim to be a feasibility study, and it therefore does not evaluate the 

technical pros and cons of the mini-grid solution compared to the other solutions on the 

market; instead, it builds on the finding from DFID and iED already outlined. 

                                                      
2 Calculated by assuming an average household’s size of 4.2 people (DFID and iED, 2013). 
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2. Theory 
This Chapter presents an overview of some of the tools available, which can be used to 

evaluate sustainable development impacts of different kinds of projects. The findings from 

these tools are used to justify the use of ICAT, which is introduced at the end of the chapter. 

2.1. Tools assessing SD impacts 

Since Sustainable Development (SD) became common practice, people have tried to assess 

and quantify SD impacts, to ensure better policies and actions, and keep track of their effects. 

Different tools have been developed, with the aim of giving to the relevant actors, a 

framework through which assess the SD impact of their actions. Many of these tools have been 

developed to support UN coordinated projects such as NAMAs, CDMs or GHG reporting. The 

tools we are referring to, which will be briefly analysed in this section are: 

• CDM SD Tool  

• NAMA SD Evaluation Tool  

• WRI GHG Protocol – Policy and Action standard 

• NAMA SD Framework  

Although these tools share some commonalities, they also present some differences. For 

example, some of them prefer a qualitative approach, while others a quantitative; some might 

only assess benefits (i.e. positive impacts), while others can assess trade-offs; some target 

sustainable development as a whole, while others focus on single issues, such as GHG 

emissions. 

In a report published by DEHSt focusing on the CDM SD Tool, the authors from UNEP-DTU 

Partnership and Wuppertal Institute for Climate, Environment and Energy describe some of the 

features of the CDM SD tool in comparison with other SD tools and approaches according to 

a series of assessment criteria (Arens et al., 2015). In another report, aimed at developing a 

framework for measuring sustainable development impacts of NAMAs, Olsen et al. (2015) 

review a series of tools and approaches for SD co-benefit analysis, and put some of their 

features into perspective, taking into account identified stakeholders needs and expectations. 

Building on the findings and criteria used in these two reports, the four tools mentioned above 

are classified in Table 1. 
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Table 1. Comparison of tools to assess Sustainable Development (SD) impacts. A yellow mark means 

that the feature is possible, but not explicitly recommended or provided by the tool. 

 Tool 

(Developer) 

NAMA SD Tool 

(UNDP) 

Policy and 

action standard 

(WRI) 

CDM SD Tool 

(UNFCCC) 

NAMA SD 

Framework 

(UDP, iisd) Criteria  

Assessment of SD impacts 

    

SD criteria and indicators 

 

n.a. 

  

Quantification 

    

Assessment of negative impacts 

    

Monitoring and Reporting 

    

Stakeholders engagement 

    

Alignment with SDGs 

 

n.a. 

  

Certification 

    

Independent review 

    

Ex-ante 

    

Ex- post 

    

Activity level National and 

sub-national 

National and 

sub-national 

Projects and 

Programs 

National and 

sub-national 

Use of LCA 

    

 

Looking at how the different tools classify, it is clear how none of them can be defined as 

complete, with respect to the chosen set of criteria. Although the NAMA SD Framework 

touches upon all the categories, it cannot be considered complete as well, since it represents 

a framework and not a tool, and it therefore provides limited guidance. Moreover, the CDM 

SD Tool and the NAMA SD Tool are limited in scope, since they focus either on ex-post or ex-

ante assessment, respectively.  

The use of Life Cycle Assessment (LCA), whose use in this Thesis will be clearer in the next 

Chapter, has been added to the table as an additional criterion. Although it is possible to 

apply LCA in the quantitative tools mentioned above, no one of them mentioned it as a 

recommended tool to use, although the NAMA SD Framework’s report does, in the 

introduction, present LCA as a tool for quantifying SD co-benefits. 



Mirko Dal Maso                                                                                                               Master’s Thesis 

 

 

Page | 9  

 

For these reasons, and also due to the lack of coherent methodologies, many of these efforts 

have failed in facilitating implementation of robust and sustainable MRV systems (ICAT, 2016). 

2.2. The Initiative for Climate Action Transparency 

As of today, 175 Parties have ratified the Paris Agreement, committing to play their part in 

limiting global temperature rise, adapt to changes already occurring, and regularly increase 

efforts over time. In doing that, countries also agreed to communicate their Nationally 

Determined Contributions (NDCs), to report how they plan to reduce their GHG emissions and 

adapt to climate change. This created the need for enhancing transparency of climate 

change action to promote cost-effective and comprehensive policies. 

In response to this, the Initiative for Climate Action Transparency (ICAT) was established with 

the aim of integrating guidance, capacity building and knowledge sharing to engage 

countries in the use of a common framework to assess the impacts of their policies and actions, 

report progress and ultimately help them in preparing and achieving their NDCs (ICAT, 2016). 

ICAT makes available for its partners a series of guidelines, among which the Sustainable 

Development (SD) guidance, which has the scope of helping users to assess the sustainable 

development impact of policies and actions (WRI and UDP, 2017). 

The framework developed by ICAT builds on the lessons learned by the development and the 

use of the tools presented in Section 2.1 such as the Policy and Action Standard from WRI, the 

CDM sectoral baseline guidance, the Framework for Measuring SD impacts in NAMAs and the 

NAMA SD Evaluation Tool (ICAT, 2016).  

The result is a more comprehensive tool, which allows the quantitative and qualitative 

assessment of both positive and negative SD impacts, for ex-ante and ex-post evaluations.  A 

comparison with the tools presented in section 2.1 can be seen in Table 16 in Appendix 1. 

ICAT, therefore, is chosen as the most appropriate tool to evaluate the SD impacts of solar PV 

mini-grids in Kenya, since, compared to the other tools or framework available: 

• It allows the user to quantify SD impacts 

• It enables the evaluation of trade-offs between social, economic and environmental 

indicators by taking into account negative impacts 

• It refers to LCA as a useful tool to quantify impacts 

• It aligns with the SDGs framework 

 

Finally, it is worth mentioning that the ICAT SD guidance is still under development and that the 

current Master’s Thesis represents a testing of the guidance, which could be used to improve 

its methodology for future uses. 
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3. Methodology 
The first part of the Methodology Chapter will introduce the reader to the structure of the 

assessment, which consists in a summary of the most of important steps outlined in the ICAT SD 

guidance, developed by WRI and UDP (2017). In doing that, it will also explain why an 

additional comparison, with the National Grid, is added separately from the main structure. 

The second part of the Chapter will focus on LCA, presenting an overview of its main features, 

limitations, and details related to this assessment. For this purpose the LCA textbook “Life Cycle 

Assessment, theory and practice” has been used (Hauschild et al., 2018). Finally, the 

methodology used to calculate the impacts of the policy on the SDGs Framework is presented. 

3.1. Structure of the assessment 

The Case study presented in Chapter 4 follows the methodology provided by ICAT in the SD 

guidance for ex-ante assessments. An ex-ante assessment predicts what the impact of the 

considered policy/action scenario will be, in comparison with the baseline scenario, in a 

defined time of reference. 

The baseline scenario is defined as the situation most likely to happen in the absence of the 

policy. The impact of the policy on a given indicator is given by the difference between policy 

and baseline scenarios’ impacts for that indicator, as shown in Figure 5.  

 

Figure 5. Baseline and Policy scenarios, and impact of the policy (WRI and UDP, 2017). 

In the current analysis, a mix of quantitative and qualitative assessment methods is used to 

identify the impact of the policy, with environmental categories mainly analysed with 

quantitative approaches and social and economic aspects evaluated mostly through 

qualitative methods. 
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The start of the assessment consists in identifying the impact categories to be included in the 

study. This has been done by using as a starting point, impact categories among the ones 

provided by ICAT, and considering three criteria: 

• Relevance 

• Significance 

• Comprehensiveness  

Since, as seen in Section 1.1, the SDGs provide the framework through which society as should 

develop, the impact categories are selected to be relevant, where possible, to the targets set 

by the SDGs. 

In identifying the relevance, a mix of top-down (expert-driven) and bottom-up (stakeholders-

driven) perspective is used, as recommended by various studies (Waas et al., 2014). To do 

achieve this, stakeholders’ participation was essential and therefore local stakeholders were 

interviewed from different groups. 

Indicators are identified for those categories aimed to be assessed quantitatively, while they 

were not necessary for the qualitative impact categories. Proper indicators are chosen, as 

recommended by ICAT, according to the following criteria: 

• Relevance – the indicator should measure what is relevant for the impact category. 

• Credibility – the indicator should use trustworthy and credible data providing credible 

information about the actual situation. 

• Validity – the indicator should reflect what the evaluator wants to measure. 

• Reliability – if data is collected and treated in the same way, it should give the same 

results. 

• Feasibility – the indicator should be measurable to ensure a manageable assessment. 

Baseline and policy scenario are then identified and described in detail, and results are 

calculated for the quantitative impact categories. Although the definition of a detailed 

baseline scenario is necessary for the quantitative assessment, it is not required by the 

qualitative assessment. 

For the qualitative assessment, specific impacts are identified within each impact category. 

These consists of positive or negative impacts that the policy could bring, in comparison to the 

baseline, within the assessed impact category. Each specific impact is assessed according to 

its likelihood and magnitude, the extent of which is analysed from literature, where possible. 

From magnitude and likelihood, the significance of the impact is found. Finally, all the specific 

impacts within an impact category are evaluated together, and a final judgement on the 

impact category is given. 

LCA is used to evaluate quantitative impacts. For this purpose, the baseline scenario’s impacts 

and the policy scenario’s impacts are calculated and the difference between the two, 
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representing the impact of the policy, is found. More details on LCA methodology will be 

presented in the next section. 

Given the many assumptions that need to be done for completing the assessment, the main 

aspects of uncertainty are assessed in a qualitative way, and a sensitivity analysis is performed 

on the parameters used in the LCA. This concludes the ICAT’s methodology part. 

Since ICAT is better fit to assess one policy scenario and one baseline scenario at a time, and 

the Master’s Thesis aims to test the SD guidance, only one baseline and one policy scenario 

are considered for the assessment of the solar PV mini-grid. However, to make the analysis 

more complete and allow a more comprehensive discussion, an additional scenario is 

considered separately, analysing the performance of the solar PV mini-grid in comparison with 

Kenya’s National grid. This second analysis follows a similar, but more simplified, approach than 

the previous one, linking to its findings and providing more material for discussion. 

The expansion of the National grid to areas with no electricity is considered a policy scenario 

too, since its deployment also depends on actions that need to be taken by the government, 

and it is therefore not more likely to happen than the mini-grid deployment itself.  

3.2. LCA methodology 

Life Cycle Assessment has been introduced in the 1960s as a response to the rising concern 

around environmental degradation. However, the main methodological development 

happens in the 1990s, bringing an increase in the use of LCA in the international scientific 

community, and allowing LCA to establish itself as one of the main tools for measuring 

environmental impacts of products and systems. 

The reason why LCA is a recommended tool for measuring environmental sustainability is linked 

with its ability to avoid burden shifting. Burden shifting refers to a change in where, when and 

how the impact occurs, which might give the impression that the impact is avoided. LCA 

avoids that by taking into account the whole life cycle of the product, from the extraction of 

its raw materials to its disposal and by ensuring a comprehensive impact assessment covering 

various environmental issues. 

The mechanism through which LCA results are calculated can be divided in two points: 

1) Calculation of emissions and resources used in a process. 

2) Attribution of potential environmental impacts to these emissions and resources, 

through factors derived from scientific models. The relationship between 

environmental impacts and emission or resources is based on documented causalities 

derived from natural science. 
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LCA brings two main limitations. The first one is that, although it can point out which of the 

products considered is better, it cannot affirm that this product is sustainable in an absolute 

sense. 

Second, since it is based on average data, it does not consider risks or deviations from the 

standard scenario. This is the case of accidents such as oil spills, or wrong and unpredictable 

handling of waste (such as in our case, the PV batteries). 

Concerning the structure, LCA is divided into four phases, as illustrated in Figure 6, namely Goal 

and Scope, Inventory, Impact Assessment, and Interpretation. The iterative nature of LCA 

suggests, as illustrated in the figure, a communication between all these phases. 

 

Figure 6. LCA phases (Hauschild et al., 2018). 

A short description of the life cycle phases is provided below. 

• Goal and Scope: clarifies why the study is performed, the context and the question(s) 

it aims to answer. This section defines the Functional Unit (FU), which represents the 

mean of comparison through which the product(s) will be assessed. Moreover, this 

section clarifies which activities and parts of the life cycle of the product are assessed. 

• Inventory: a presentation of the input and output flows (materials, resources, emissions 

etc.) included in the system. 

• Impact Assessment: the inputs and outputs identified in the Inventory are translated 

into environmental impact. 

• Interpretation: results are interpreted to answer the question asked in the goal chapter.  

 

For the assessment performed in this report, the Ecoinvent Database (v. 8.5) is used, in 

concurrence with Simapro 8 (v. 3.4), a software commonly used for LCAs. The impact 

assessment method ReCiPe 2016 is used to calculate characterised results. Consequential 

modelling is used given the big scale of changes.  
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3.3. SDGs’ impacts 

As seen in the Introduction, all Sustainable Development projects should align with the SDGs 

and Agenda 2030. We find therefore necessary, to communicate the impacts of the 

assessment using the SDGs framework.  

The procedure used to do that can be summarized in the following few points: 

1) The impact and specific impacts assessed are linked with SDGs targets. The SDGs 

targets used, refer to the ones available at the time of the assessment, and are 

identified by two numbers separated by a dot (United Nations, 2017a). Linking the 

impacts assessed to the SDGs targets instead of the indicators has been preferred since 

the SDG indicators are sometimes not feasible for measuring impacts of single projects. 

When an indicator cannot be directly related with an existing target, it is evaluated 

whether it could be indirectly linked with other targets. When this is possible, the 

indicator is considered to have an impact on the SDG(s) with whom it is linked. When 

an indicator has no corresponding target and it is not linked closely to any SDG, it is left 

out from the SDGs assessment. 

2) At the end of this process, the indicators result grouped in each SDG. 

3) Each indicator receives a code, formed by three digits, that recall the SDG with whom 

it is linked, plus an identification number. 

4) The SDG impact score is calculated differently for quantitative and qualitative 

indicators. 

o Quantitative indicators are presented as relative improvements, calculated as 

in Equation 1. 

Equation 1. Calculation of relative improvements for SDG’s impacts. 

%𝑟𝑒𝑙𝑎𝑡𝑖𝑣𝑒 𝑐ℎ𝑎𝑛𝑔𝑒 =
𝐼𝑆𝑝𝑜𝑙𝑖𝑐𝑦 − 𝐼𝑆𝑏𝑎𝑠𝑒𝑙𝑖𝑛𝑒

𝐼𝑆𝑏𝑎𝑠𝑒𝑙𝑖𝑛𝑒
∗ 100% 

o Qualitative indicators are kept separated in their specific impacts. Magnitude 

and likelihood are given a score as explained in Table 2. The score of the 

specific impact is obtained by multiplying the likelihood and magnitude.  

Table 2. The scoring system used to calculate SDG’s impacts. 

  Magnitude 

 score 0.3 0.6 1 

Li
k
e

lih
o

o
d

 

1 0.3 0.6 1 

0.75 0.225 0.45 0.75 

0.5 0.15 0.3 0.5 

0.25 0.075 0.15 0.25 

0.1 0.03 0.06 0.1 
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4. Case study 

4.1. General information and Objectives 

The scope of the case study is, as explained in the Introduction, to identify the sustainable 

development impacts of solar PV mini-grids in Kenya, in order to understand the consequences 

that their implementation will bring. Based on the evidence gathered by DFID and iED, the 

analysis considers a size of 1,457,752 non-electrified households, for which solar PV mini-grids 

have been claimed to be the best source of power. The assessment aligns with the target set 

by the GoK, which aims to reach universal electricity access by 2020, considering therefore 

2020 as the reference year for evaluating the ex-ante impact of the mini-grids deployment, as 

opposed to the baseline scenario without electricity.  

The assessment is therefore not based on a real existing policy and the intended audience is 

circumscribed to the academic staff of the Quantitative Sustainability Assessment (QSA) 

division at DTU and the staff of UNEP-DTU Partnership. The study does not seek to advise or 

guide the decision of policymakers. However, it might be used in the future to build upon an 

ICAT pilot case. In this case, all assumptions and results presented in this study should be 

evaluated thoroughly. 

The study performed follows a mix of qualitative and quantitative approaches, with LCA used 

to quantify environmental impacts and qualitative methods based on literature review used 

for the social and economic categories. 

4.2. Description of the policy or action 

As described in ICAT, the terminology “policy or action refers to interventions taken or 

mandated by a government, institution or other entity, and can include laws, directives and 

decrees; regulations and standards; taxes, charges, subsidies and incentives; information 

instruments; voluntary agreements; implementation of new technologies, processes or 

practices” (WRI and UDP, 2017). In our case the policy is better described by the category 

“implementation of new technologies”, being the technology, the solar PV mini-grid.  

The policy can be described, based on the finding presented by (Ministry of Energy and 

Petroleum, 2016) and gathered by DFID and IED (DFID and iED, 2013) as: 

“Implementation of Solar PV mini-grids in Kenya, to provide access to electricity to 1,457,752 

non-electrified households by 2020.” 

The study does not perform a detailed market assessment of mini-grids deployment in Kenya 

and does not explore in this sense the variety of business models and strategies to achieve a 
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large-scale deployment of this technology. Instead, it assumes that this will be achieved by a 

mix of private and public initiatives similar to what is already into place. 

The main intended benefit of the policy is to give universal access to electricity by 2020 to the 

population in Kenya, by connecting to mini-grids the households which have been claimed to 

achieve electricity access in the most cost-effective way through this technology. 

All the areas of Kenya where the Solar PV mini-grid population resides are assessed. This is 

mainly but not only, constituted by rural areas, located especially in the North of Kenya where 

electricity access is scarcer. 

The assessment can be considered an assessment of a short-term intervention, which 

evaluates short-term and long-term impacts of solar PV mini-grid. 

4.3. Impact categories & indicators assessed 

This section explains how the choice of the impact categories to be assessed was conducted 

and presents the impact categories included and excluded in the assessment. The categories 

excluded, but considered in the initial stage of the project, are reported to ensure the 

transparency of the assessment. 

As explained in the Methodology’s section 3.1, in order to choose the categories to be 

included in the assessment three aspects are taken into account: 

• Relevance – for 

o the country’s main objectives 

o the objectives of the policy 

o the SDGs framework 

o the stakeholders 

• Significance – categories significantly affected by the policy 

• Comprehensives – categories should include both positive and negative effects and 

from all the three dimensions of sustainability 

While the main objective of the policy is clear, and it is considered to be “providing access to 

electricity”, for the country’s main objectives a short literature review was needed. 

As outlined in the Kenya SDG Agenda, the country is focalizing its transformation in six sectors: 

“Education and Training; Health including HIV and AIDS; Water and Sanitation; Environment; 

Housing and Urbanization; Gender, Youth and Vulnerable groups” (Ministry of Devolution and 

Planning of Kenya, 2017). With the new Constitution released in 2010, the focus of development 

in Kenya has moved towards creating a more equitable and inclusive society. For this reason, 

aspects such as health, education, freedom from hunger and good livelihoods have gained 

more importance(Ministry of Devolution and Planning of Kenya, 2017). Another important 

aspect from the country’s perspective that should be preserved and possibly pushed forward 
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is agriculture, which represents a big share of the country’s economic activities, accounting 

for 24% of the GDP, and 65% of informal employment in rural areas (Government of Kenya, 

2013). In terms of access to energy, the NCCAP reports that access to modern forms of energy 

can increase income-generating activities, health services, access to communication, and 

improved education outcomes (Government of Kenya, 2013). 

Clarified what the country’s objectives are, we now move to discuss what stakeholders in 

general, find more important about mini-grids deployment. 

4.3.1. Stakeholders consultations 

Stakeholders consultation was considered of high importance to ensure the bottom-up part of 

the approach and make in this way the assessment more comprehensive. Furthermore, it 

helped in filling some of the knowledge gaps caused by the lack of familiarity with the local 

conditions. 

Stakeholders were for the most interviewed at the Africa Climate Week between the 9th and 

12th April 2018 in Nairobi, where the 10th Africa Carbon Forum (ACF) took place.  

The consultations can be classified as a low level of stakeholder’s engagement, according to 

the ICAT Stakeholder Participation guidance (Climate Community & Biodiversity Alliance and 

VCS, 2017), aimed at obtaining inputs on the analysis and providing the interviewed with 

information to better understand the problem. The outcomes of the consultations were used 

mainly to identify relevant impact categories and specific impacts. More information on the 

structure followed in the interviews and the notes from the consultations can be found in 

Appendix 2. 

Stakeholders were chosen from the following three group: 

• Stakeholders involved in mini-grids in Kenya 

• Stakeholders involved in SD in Kenya 

• Stakeholders involved in mini-grids in Sub-Saharan Africa 

Table 3 presents an overview of the stakeholders interviewed, specifying their organisation and 

the role which they have in relation to the assessed policy. 
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Table 3. Overview of stakeholders interviewed. 

Organisation Stakeholder’s category Activities 

Ministry of Energy and 

Petroleum of Kenya 
Policy-maker Energy policies. 

Climate Change Directorate of 

Kenya 
Policy-maker 

Policies mainly related to forestry, agriculture and 

climate change. 

GIZ Kenya  Expert – consultant  

Promotion of Solar-Hybrid Mini-Grids. More 

specifically: capacity-building, system sizing, 

support of partners, involvement in mini-grid 

programs. 

National Renewable Energy 

Agency (NREA) 
Expert – consultant 

R&D for government consulting in renewable 

energy sector. Contact person specifically 

focused on mini-grids. 

AESA East Africa Consultant 

Economic analysis, technical assistance and 

management services in development field. 

Interested in getting involved in mini-grids. 

Finance Innovation for Climate 

Change Fund – FICCF 

& World Bank 

Finance 

Finance for smart-agriculture. Involved, although 

not the interviewed person directly, in energy 

sector as well. 

Green Peace Africa NGO 
NGO focused on environmental issues. Contact 

person specifically focused on energy sector. 

Off Grid electric Private sector 
Solar Home System (SHS) manufacturing 

company operating in Sub-Saharan region. 

Climate Care Consultant 

Environmental and social development projects. 

Consultancy services to agencies, governments 

and NGOs mainly on clean energy and climate 

change. 

Kenya Industrial Research and 

Development Institute 
Consultant 

National research institution with focus on 

engineering, energy, environment among the 

others. Co-operation with government and other 

organisations and institutions. 

 

When asked to point out which important impacts this policy would have, and which impacts 

it would be important to measure: 

- All the stakeholders appeared mostly focused on the social and economic impacts, 

rather than the environmental. 

- All the stakeholders were more likely to report local impacts rather than global impacts, 

with the exception of climate change. 

- With regards to climate change, it was mostly reported as important due to its legal 

consequences (e.g. NDCs, donors) rather than the actual impacts on the communities. 

- Economic activities, education, agriculture/food, climate change and indoor pollution 

were the most reported impacts. 
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- Health (believed to be linked with indoor pollution) and cost of services were also 

largely reported. 

- Access to healthcare, access to water and use of cell phones were reported by a third 

of the interviewed. 

- Other reported impact categories consisted in jobs, economic growth, poverty 

impacts and similar. 

- Only two negative impacts were reported. The first one, related to costs of connection 

and electricity. The second one consisted in maintenance, which would be a problem 

especially for public mini-grids and would arise by the lack of skills and structure, 

resulting in problems such as wrong handling of used PV batteries. 

When asked to rank a selected set of impact categories according to the importance, the 

impact categories getting more attention were: 

- Education 

- Economic growth 

- Water use/access 

- Employment 

- Expenses for electricity 

- Healthcare and economic inequalities, although on a lower level 

4.3.2.  List of selected categories 

Table 4 presents the impact categories included in the assessment. “Significant” is intended as 

“expected to be significant”. However, the significance of the LCA impacts was double 

checked and determined by looking at the normalized endpoint results, and categories not 

found to be significant and not relevant were excluded from the assessment. For more details 

on how this was done, and for a complete overview of the LCA results, please refer to 

Appendix 1 and the LCIA results in Appendix 4. The categories excluded from the assessment 

and the reasons for the inclusion or exclusion of them are presented in Table 17 in Appendix 1. 
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Table 4. List of impact categories included in the assessment. 
D

im
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Impact category Indicator [unit] 

R
e
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ig
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t 

Q
u
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n

ti
ta
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v

e
 

E
n

v
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o

n
m

e
n
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Climate Change mitigation GHG emissions [CO2 eq.] Y Y Y 

Air pollution (Indoor and Outdoor) PM [DALY] Y Y Y 

Human Toxicity (Air, water and soil) 
Human carcinogenic and non-carcinogenic 

toxicity [DALY] 
N Y Y  

Depletion of non-renewable resources 
Mineral resource depletion [kg Cu eq] 

Fossil resource depletion [kg oil eq] 
N Y Y 

Waste generation and disposal n.a. N Y N 

S
o

c
ia

l 

Accessibility and quality of healthcare n.a. Y Y N 

Food security n.a. Y Y N 

Access to water n.a. Y Y N 

Access to clean, reliable and 

affordable energy 
n.a. Y Y N 

Accessibility and quality of education n.a. Y Y N 

Gender equality and empowerment of 

women 
n.a. Y Y N 

E
c

o
n

o
m

ic
 

Economic activity at community level n.a. Y Y N 

Employment n.a. Y Y N 

Household expenses for electricity Monthly expenses for electricity services [$] Y Y Y 

Income n.a. Y Y N 

 

4.4. Baseline scenario 

The description of a well-defined baseline scenario is compulsory for the quantitative 

assessment, in fact, without a baseline value, it would be impossible to conclude on whether 

a value calculated for the policy scenario represents an improvement or not. For the 

qualitative impact categories, it is not necessary to define the baseline scenario, as they 

analyse relative improvements. 

4.4.1. Scenario overview 

In the baseline scenario, 1,457,752 households with no access to modern forms of electricity 

and the respective communities are analysed. The reference year used for this scope is 

selected as 2020, which is the year when the mini-grids would otherwise to be deployed. 
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Income generating activities and institutions conducted at community level are also assumed 

not to have access to a modern source electricity and are also included in the assessment 

boundaries. 

Households 

In the baseline scenario, kerosene lamps were found to be the most common way to 

overcome the lack of electricity for households in Kenya.  

Kerosene is a relatively expensive fuel which can be bought at pumping stations. Its price can 

vary, following the fluctuations in oil price, and it normally gets more expensive in remote areas. 

Studies estimate its price to be US$ 0.65 per litre in rural Kenya in 2016 (Rom et al., 2017).  

The same study reports 99% of the surveyed houses using kerosene lamps (Rom et al., 2017). 

Bacon et al. (2010) have analysed data obtained from nationally administered household 

expenditure surveys, reporting that 86% of Kenyans living in rural areas with no access to 

electricity use kerosene as primary source of lighting. According to Harrison et al. (2016), 

kerosene is the most commonly used source of light in houses with no access to electricity in 

Kenya, with 69% of the population using it. Again, according to the same study, families in 

Kenya relying on Kerosene use 9L kerosene per month. Consumption of kerosene has been 

found to vary a lot, with other studies reporting a monthly consumption of 4.5 L (Carbon Africa 

Limited et al., 2015). Although less used, torches, flashlights and candles were also cited as 

other means of lighting (Harrison et al., 2016). 

Based on the above-mentioned data, kerosene is estimated to be the most common source 

of light for households, with an estimated monthly use of 6.75L of kerosene. 

For villages located in very remote areas, however, kerosene might be more difficult and 

costlier to get and therefore the use of battery-powered flashlights, is sometimes more 

common (Carbon Africa Limited et al., 2015). Carbon Africa Limited et al. (2015) found an 

average consumption of 4.3 dry cell batteries per month in the surveyed villages, with other 

studies supporting these findings (Van Acker et al., 2014). Our assessment therefore also 

assumes a household consumption of 4.3 batteries per month. 

Businesses and institutions 

Businesses and institutions are, for the most, estimated to use the same sources of light at the 

same consumption level as the households. However, some of the businesses in the area where 

households do not have yet access to power, might have other systems into place. Small diesel 

generators are in fact not uncommon for local health centres, or small businesses that require 

power. Solar Home Systems (SHS) are also common in some villages (Carbon Africa Limited et 

al., 2015) but are not considered in the assessment since they already provide some sort of 

clean access to light. 
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In the surveys conducted by Carbon Africa Limited et al. (2015) in five different villages in 

Kenya, diesel/petrol generators represented only a small share compared to the other sources 

of power across all types of users and were mainly found in businesses (5%) and institutions 

(12%). Economic Consulting Associates et al. (2014) also report a minor use of small petrol 

generators for commercial use in the villages assessed, reporting 5% of business using 

generators in two of the three sites assessed, where 157 commercial and institutional users were 

estimated to consume 4.17 L diesel/day/user on average. 

Hence, our assessment assumes 5% of businesses and 12% of institutions (and other anchor 

costumers) to use diesel generators and consume 4.17 L diesel daily. 

Overview of the community’s composition in the baseline scenario 

To estimate the composition of the 1,457,752-households’ “virtual” village, the composition 

from five communities surveyed by Carbon Africa Limited (2015) during a study on electricity 

access, is used. The term community or village also includes businesses and institutions at local 

level such as health centres, markets, agricultural activities and other income generating 

activities at household level. Using the composition of five different villages was preferred over 

a single site approach, to simulate the heterogeneous composition that a population of 

roughly 1.5 households would have. 

Figure 7 shows the composition of the 1.5 million households’ virtual community, summarizing 

the energy sources assumed for the baseline. For more information on the original composition 

of the five villages please see the additional information in Table 18 in Appendix 1. 

 

Figure 7. Overview of the community in the baseline scenario. 
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4.4.2.  LCA modelling 

This section presents an overview of the LCA modelling of the baseline scenario, including the 

processes considered and the main assumptions made. The LCA takes into account the 

consumption of the technologies described above, over the course of one year. 

Figure 8 shows, in a very simplified way, the system boundaries adopted to model the baseline 

scenario’s LCA, reporting the parts of the life cycle of the products which have been included. 

 

Figure 8. Baseline scenario's system boundaries. 

Due to the time constraint, data availability and availability of processes in Ecoinvent, many 

simplifications are needed to model the baseline scenario and therefore many assumptions 

were made. The main assumptions are outlined below: 

• li-ion battery cells, which are dry cell batteries that can be reused multiple times, are 

used to represent the dry cell batteries assessed. Their weight is assumed of 15 g as the 

most common batteries.  

• Kerosene is normally burned in kerosene lamps, which are frequently made from used 

cans or bottles. These containers are unclear in composition and quantities and are 

not included in the LCA using the so called “burden free approach”3. 

• Emissions of kerosene were not included in Ecoinvent and are therefore estimated 

using data from online sources. The emission factors used for kerosene’s combustion 

can be found in Table 21 in Appendix 1. 

                                                      
3 The burden free approach states that waste products come for free and do not therefore carry any environmental 

impact. Hence, they can be excluded from the system. 
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• Other minor sources of light such as candles and woodfire have not been considered, 

due to their scarce use. 

• Specific data on the generators used by businesses and institutions could not be 

retrieved. Hence, a diesel genset of 18.5 kWh has been selected from the Ecoinvent 

database, since it is the one believed to represent the reality better. 

• All processes have been selected as “Global” due to the lack of more specific 

processes in the database and due to the lack of data from the real world. For the 

same reason, the average transportation provided by Ecoinvent are used to simulate 

the transportation distances. 

A more detailed description of the Life Cycle Inventory (LCI) and other assumptions can be 

found in Appendix 3. 

4.5. Policy scenario 

After having described the baseline scenario it is now the turn of the policy scenario. The 

approach followed by this section follows the structure of the previous one: first, an overview 

of the scenario is presented and then the focus is moved on the LCA modelling and the main 

assumptions made to carry out the assessment. 

4.5.1.  Scenario overview 

The policy scenario analyses the same number of households for the same reference year 

(2020) as the baseline, assuming them to be connected to solar PV mini-grids, together with 

their respective businesses and institutions. In this scenario, all the technologies outlined in the 

baseline scenario are assumed to be completely displaced by the mini-grid, as it has been 

proved by field-studies (Blodgett et al., 2016). 

The term “solar PV mini-grid” might indicate different technologies but three main ones can 

be identified (DFID and iED, 2013; GIZ and Ministry of Energy and Petroleum, 2016): 

• Solar hybrid: a mini-grid powered by a mix of solar energy and diesel generator (with 

or without battery storage). The diesel generator, also called “genset”, is commonly 

employed to provide a flexible service to the consumers and at the same time avoid 

the over-sizing of the battery, which would increase the costs. 

• Solar with diesel backup: this type of mini-grid is also a hybrid, but it is powered almost 

fully by solar energy, a battery storage and a diesel generator which operates as a 

backup, contributing normally with a share ranging from 0% to 10% of power. 

• Solar: a mini-grid powered fully by solar energy, supplied by a battery storage. 

From the interviews conducted with the stakeholders and the information available online on 

the many mini-grid projects in Kenya, it appears clear that the most common technology 

nowadays, and the most likely to be deployed, is the solar with diesel backup. The analysis 

conducted by iED, on which the assessment builds, specifies that, at the time of the 
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assessment, the most common technology to power the solar PV mini-grids was represented 

by solar PV, with a battery storage, and a diesel back-up (DFID and iED, 2013). The technology 

to be assessed has been therefore chosen to be an AC/DC system with solar panels, battery 

storage and diesel backup. 

Overview of the community’s composition in the policy scenario 

The same study used to size the composition of the village, which sizes five mini-grids for five 

surveyed villages, has been used to size one big “virtual” mini-grid for the 1.5 million households 

under assessment. The sizing of the five villages assessed by Carbon Africa Limited et al. (2015) 

and the calculation to scale them to our case study are reported in Table 19 Table 20, and the 

following paragraphs in Appendix 1.  

Figure 9 reports the composition of the 1,457,752-households’ community, with the 

consumption of energy per group and the size of the mini-grid system used. 

 

Figure 9. Overview of the community in the policy scenario. 

According to the SE4ALL Global Tracking Framework for electricity access this system would 

provide households with a Tier-3 electricity supply, which would allow them to have in addition 

to basic services, such as light, computers, television, phone charging, air circulation etc, light 

appliances such as rice cooking, air cooling, food processing and washing machines (SE4All, 

2013).  

4.5.2. LCA modelling 

LCA impacts are estimated over a year time, right after the implementation of the mini-grid. 

They consider the whole lifetime and life cycle of the mini-grid. The impacts are calculated 

according to the consumption (not the production) from the mini-grid over a one-year period. 
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Due to the sizing of the mini-grid and the electricity consumptions chosen, 27.5% of the 

produced electricity is not used by costumers and ends up being lost. Its impacts have been 

accounted as well as part of the consumption. More details on the calculations are provided 

in Appendix 1.  

Since the study conducted by Carbon Africa Limited et al. did not provide specific details on 

the technology used, an LCA study conducted by Bilich et al. (2017), which has sized a PV 

microgrid for a 17 households village in Kenya, is used. Based on this study, the battery pack is 

chosen to be Li-ion. The PV modules are chosen to be polycrystalline. 

The end of life of panels and batteries is modelled according to the Ecoinvent database, 

which assumes batteries to be recycled. However, an additional transportation is added, to 

take into account the fact that batteries will most likely be recycled abroad. In fact, currently, 

no option exists for recycling Li-ion batteries in Africa although some countries like South Africa 

have started to research to increase home capacity, but, for now, batteries seem to be 

shipped to Europe (Charles et al., 2017). 

All the components of the system are scaled to the lifetime of the mini-grid (25 years), taking 

into consideration the components’ individual lifetime provided by Carbon Africa Limited et 

al. (2015). Further details on the type of technology used, the lifetime and the quantity are 

provided in Table 20 in Appendix 1. 

Finally, the LCA does not take into consideration the possible increase in household’s 

consumption, which might result in buying more goods, and increasing waste production per 

capita 

Based on the above-mentioned assumptions, the system modelled on SimaPro can be 

summarized as in Figure 10. The LCI of the policy scenario can be found in Appendix 3. 

 

Figure 10. System boundaries of the policy scenario. 
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4.6. Results 

This section presents the result of the assessment, based on the baseline and policy scenarios 

outlined above. First, the qualitative results are presented. The Qualitative Assessment section 

introduces how the assessment is carried and explains in detail the specific impacts that are 

found in each impact category. Then, the quantitative results for the cost of electricity are 

reported, followed by the LCA results, which will put make light on the main drivers of the 

environmental impacts. 

4.6.1. Qualitative assessment 

The procedure through which impact categories are evaluated qualitatively can be divided 

in three main steps: 

1) Specific impacts are identified from stakeholders’ interviews as a starting point, and 

mainly by using relevant publications. Both short and long-term impacts are 

considered. Specific impacts are highlighted in blue. 

2) Each of the specific impacts is assessed according to its likelihood and magnitude. 

Based on these two parameters, the impacts are divided into significant and non-

significant. 

3) In the summary table, the overall impact of each impact category is drawn based on 

the individual specific impacts. 

In addition to this, specific impacts are defined as “in-jurisdiction” and “out-jurisdiction” where 

by jurisdiction we consider the geographical area of Kenya. 

The likelihood of a specific impact can be described as the probability of the specific impact 

to happen and it is evaluated based on different factors: 

• How many studies have reported the impact against how many have not. 

• Whether the studies that report the impact are specific for Kenya and/or specific for 

mini-grids. 

• How far in the cause-effect chain the impact is expected to be seen. Impacts more 

down in the causal chain are assessed as less likely to happen compared to the ones 

more directly linked with the policy. 

The likelihood is scored on a five-step scale (Very unlikely, unlikely, possible, likely, very likely). If 

the evidence collected is not enough or unclear, the likelihood is scored as possible. 

The magnitude of a specific impact is measured on a three-step scale (minor, moderate, 

major) and it represents the extent of the consequences of the impact. It is scored based on: 

• Quantitative data reported by the study 

• The size of the groups affected by the community 
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It needs to be clarified that the magnitude is not comparable between categories since it 

does not express how “important” one impact category is compared to another one. 

For the choice of sources used to perform the assessment, sources targeting specifically Kenya 

and solar PV mini-grids have been used, however, due to the limited availability of information, 

sources focusing in general on the impact of electricity in developing countries are also 

considered. The preferred order of sources used can be summarized by the following: 

1) Mini-grids in Kenya 

2) Electricity access in Kenya 

3) Mini-grids in developing countries 

4) Electricity access in developing countries 

4.6.1.1. Waste generation 

The concern about waste generation rises mainly from the treatment of batteries used in the 

PV mini-grids when they reach the end of life. Interviews conducted with stakeholders 

confirmed the uncertainty around this matter. 

Studies claim that the collection of batteries and PV modules is undertaken mainly by small 

local collectors, with a nation-wide formal collection network which is in fact lacking, although 

a few recyclers are active nation-wide, in particular the WEEE (Waste Electrical and Electronic 

Equipment) Centre and East African Compliant Recycling. Since there is no facility in Kenya to 

process PV batteries and PV modules and recover valuable metals in them, these components 

are believed to be mainly shipped overseas (Magalini et al., 2016). 

Hence, an increase in e-waste from solar PV and batteries at local level is believed to be 

“possible”, due to the uncertainty of the situation, and “major” due to the large quantities of 

PV e-waste that will become available. 

At the same time, as consumption of the traditional sources of light will decline, the production 

of waste connected with the use of kerosene and dry-cell batteries is also believed to be 

reduced. In this case, the likelihood of the impact to happen is believed to be at least likely, 

and the magnitude moderate, due to the lower quantity of waste compared to the PV e-

waste. 

An additional path through which waste generation can be affected by the policy, is through 

the increase in waste generated by households. A study assessing household’s waste 

generation in Nairobi has found a correlation between increase in GDP and increase in 

residential waste/capita reporting an annual increase of 0.9% annually since 1998, while in the 

same period GDP has increased at an annual average of 3.89% (UNEP, 2008). Other studies, 

focusing more in general on the link between income per capita and waste per capita 

worldwide report higher waste generation per capita for higher income levels around the 

world and in Africa (World Bank, 2012).  



Mirko Dal Maso                                                                                                               Master’s Thesis 

 

 

Page | 29  

 

An increase in residential waste generation in the communities can bring considerable 

environmental impacts if waste handling infrastructures are lacking or insufficient. 

Considering the possible impact of electricity access on economic growth and incomes, the 

policy could have an impact on residential waste generation. However, due to the long causal 

chain that leads to this impact, the likelihood is considered only “possible”, while the 

magnitude is considered as “minor”, since the annual increase in waste generation reported 

by the above-mentioned studies has been shown to be relatively low.   

4.6.1.2. Access to clean, reliable and affordable energy 

All the households considered in the analysis can be potentially connected to a mini-grid, 

according to our policy-scenario, hence reaching 100% of access to clean, reliable and 

affordable electricity. However, there are doubts on the affordability of mini-grids tariffs which, 

even though the subsidies, make this solution hardly affordable for the poorest consumers. 

A study from Carbon Africa limited et al. (2015) on 21 villages in Kenya, reports an average 

Ability to Pay (ATP) of 1624 KES and a monthly Willingness to Pay (WTP) of KES 521, possibly 

increasing to 725. The survey was conducted in villages where the monthly household income 

was found to be 16240 KES, which could be considered relatively high, taking into account 

that around 35% of the Kenyans still live below the International Poverty Line(IPL).  

Considering a projected monthly electricity use of electricity of 29 kWh per households, as the 

one selected in the case study, and using the lower tariff on the market for mini-grids 

(21KES/kWh), we derive a monthly cost of 595 KES/month. From this, we can say that most likely, 

not all the connected households will be able to afford to pay for electricity, at the above 

mentioned monthly consumption. 

Although this specific impact will be “very likely” affected by the policy, considering that 

paying for the electricity bills might not be affordable for everyone, the magnitude of the 

extent of the impact is uncertain, and a “moderate” score was preferred over a “major”. 

Access to a clean source of cooking could be affected by the access to electricity but the 

link is tangential. Cleaner cooking from electricity can be achieved primarily through the 

substitution of biomass with electric stoves (SE4All, 2013). Buying electric stoves could represent 

a burden for the majority of the households due to the higher costs compared to their 

traditional fuel source and might face challenges due to the habits of the people (World Bank, 

2008). However, smaller appliances like rice cookers might be used independently from the 

electric stoves. Overall, given the uncertainties, the likelihood is believed to be “possible” and 

the magnitude “minor”, considering the smaller role that appliances like rice-cookers would 

have, and the scale of deployment of electric stoves, which are projected to supply only 15-

20% of the cooking in developing countries in 2030 (International Energy Agency, 2017).  
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4.6.1.3. Accessibility and quality of education 

Improved access to education was identified as one of the most important and most affected 

categories by the majority of the stakeholders. According to World Bank (2008), education 

can be fostered by electricity through two main channels: “(1) by improving the quality of 

schools, either through the provision of electricity-dependent equipment, or increasing 

teacher quantity and quality; and (2) time allocation at home, with increased study time”. 

Again, according to World Bank, which has analysed the link between energy access and 

education in developing countries, children with access to electricity, stay in schools 1.5 years 

longer and study longer at home, while schools are able to offer better services by attracting 

higher quality teachers thanks to the electricity access. 

UNDESA (2014) found a strong link between electricity and education in developing countries, 

claiming that electricity can have at least five positive benefits: “(1) lighting and extended 

studying hours, (2) facilitation of ICT in the classroom, (3) enhanced staff retention and teacher 

training, (4) better school performance based on attendance, completion rates, and test 

scores, and (5) co-benefits such as improved sanitation and health, gender empowerment, 

and community resilience.” Again, according to the UNDESA report, in Kenya, access to 

electricity has enabled teachers to provide extra teaching early in the day and late at night 

and has yielded the ability to conduct experiments in a science laboratory, the use of 

computers and photocopying machines, and the teaching of subjects requiring electric 

appliances and tools such as engineering, welding, metal works, and carpentry (Kirubi et al. 

2009). In a survey conducted by Willcox et al. (2015) in Kenya, 78% of electrified households 

and 69% of non-electrified households of villages reported an improvement in the level of 

education available to their children. Respondents answered almost unanimously that the 

change was completely or in part due to the access to electricity. 

The benefits provided by electricity on quality of education facilities can arise from 

unexpected causalities. The results presented here have been reported from the experience 

of the Mpeketoni Electricity Project (MEP), a community-based diesel powered micro-grid. 

The principal of the secondary school of the village claimed that, as power became available, 

piped water also arrived in the school. This substantially improved the sanitation conditions, 

which were causing diseases such as skin infections, typhoid, and cholera, bringing in turn 

absenteeism of both students and teachers. Apart from reducing these impacts, electricity 

allowed the 2–3 hours previously dedicated to cleaning the toilets, to be spent in evening 

study, and to save an important amount of money in kerosene bills (Kirubi et al., 2009). 

As reported by Harrison et al. (2016), data from SolarAid assessing the impacts of access to 

light through solar lights, shows that children increased their study time from 1.7 hours to 3.1 

hours after purchasing a solar light. The World Bank team, in their review on the impacts of 
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electrification in developing countries, found that, even though electricity access did not 

increase the propensity of children to read, when they were reading the time reading or 

studying was increasing by 77 minutes (World Bank, 2008). 

Due to the different findings just presented, all the specific impacts on education have been 

scored as “likely” to happen, and their magnitude has been assessed as “moderate”. 

4.6.1.4. Food security 

Ghosh Banerjee et al. (2017) have studied the link between energy access and agriculture, 

underlying how power is of key importance for the productivity of the sector, in many stages. 

Among these stages, irrigation is typically the largest source of power demand, followed by 

processing activities such as milling and drying. 

Even though the link between electricity and agriculture appears clear, there is limited 

experience in mini-grids use for agricultural productivity. Solar mini-grids as the one assessed in 

the LCA of this study are, in fact, not adapted to the specific load profiles of processing and 

irrigation activities. Moreover, mini-grids for agricultural estates have special license to 

generate electricity and have normally a capacity over 1 MW (World Bank et al., 2017). 

However, a productive use of electricity from the mini-grid studied in this assessment cannot 

be excluded since such mini-grids make possible the adoption of technologies such as 

refrigerators, grain mills and solar pumps for irrigation. 

Kirubi et al. (2009) evaluate the impacts of community micro-grid on agriculture as well, 

reporting improved agricultural productivity through a different causal chain. In their case 

study, electricity access allowed the use of welding machines, which made possible the fixing 

of tractors. Therefore, more tractors started to come to the village boosting agricultural 

productivity. Moreover, infrastructure for storing food improved the availability and production 

of meat, milk and soft and alcoholic drinks. Although the probability of agriculture to be 

affected by the policy is uncertain, its consequences might be “major”. 

During stakeholders’ interviews, some participants reported that agricultural productivity and 

food storage can also be improved through knowledge, which derives from access to TVs or 

mobile phones (the access to weather casts for example). However, although this impact is 

believed to happen, its consequences might not be of great importance, therefore the 

magnitude of the impact has been evaluated as minor. 

Finally, the ability of storing food will also be affected by the access to electricity. Households 

and businesses connected to power can make use of refrigerators, assumed that they can 

afford it, improving their food security. As reported by the literature, electricity is found to 

enable local processing and storage reducing agricultural wastage, increasing domestic food 

supply (Willcox et al., 2015). The likelihood of this specific impact has been set as “likely” and 

its magnitude as “moderate”. 
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4.6.1.5. Access to Water 

Energy is an essential component for the use of water resources and can be used for a number 

of processes, among which desalination and groundwater pumping for domestic or 

productive uses, such as for example irrigation (Ringler and Lawford, 2013). 

Electricity access from solar energy, has been included from the 1980s in governmental and 

international organization’s driven projects in Kenya for provision, among the others, of water 

pumping (Ondraczek, 2013). 

The joint analysis conducted by ECA, Trama and Carbon Africa for the MoEP (2016) shows that 

water pumps have been included in the sizing of a mini-grid, similar to the one assessed in this 

Thesis. However, even though due to the above-mentioned facts this is considered feasible, 

there is an apparent lack of data on the impacts of electricity access or mini-grids on water 

supplies. 

One study from World Bank shows a positive correlation between rural access to water and 

rural electrification in general, with an improved source of water index reported in Kenya and 

other two African countries (World Bank, 2008). 

Nevertheless, even considering the possibility to pump water, there is no guarantee that this 

will improve access to drinking water, as the latter might require additional treatments that are 

not solely linked with electricity access itself, but instead depend on other institutional aspects. 

Thus, the likelihood of the impact is considered “possible”, since it is dependent on the design 

of the mini-grid and on the adoption of solar water pumps and the magnitude of the effect 

has been considered “moderate”, based on the data found from World Bank. 

4.6.1.6. Accessibility and quality of healthcare 

Health centres may benefit from the access to electricity from different aspects. A study from 

World Bank (2008) found that electrified clinics in Kenya are open for, on average, one hour 

longer each day. Again, the same study reports preserving vaccines as one of the biggest 

impacts brought by access to electricity for health centres, which are further benefit by less 

absenteeism. Results from a DHS facility survey presented in the same report, show that 

electricity has increased the number of working hours of rural clinics in Kenya from 11 to 15.1. 

In a study by Willcox et al. (2015) 35-40% of respondents from communities in Kenya were likely 

to report improvement in access to health care after gaining access to electricity. 

Due to the number of findings in this matter, all these impacts are believed to be “likely” to 

happen and bring at least “moderate” benefits for the impact category assessed, considering 

the importance of the consequences that even a small improvement could have for the life 

of the people of the community. 



Mirko Dal Maso                                                                                                               Master’s Thesis 

 

 

Page | 33  

 

4.6.1.7. Gender equality and empowerment of women 

In terms of knowledge, World Bank (2008) reported how women’s knowledge on health and 

family planning can be significantly affected positively by access to media, which are made 

possible by electricity access. According to that, increased access to media increases 

awareness of health issues, which in turn results in a change in health behaviours, one example 

being the use of contraceptive methods. However, in case households do not own a television, 

women are the least likely to view television in someone else’s home, both from safety and 

cultural reasons (World Bank, 2008). The impact is believed to be “possible” since it might not 

happen as easily as it seems, and the magnitude has been assessed as “moderate”. 

Another possible specific impact regards women’s mobility at night. As electricity becomes 

available, street lighting can increase, making streets safer for women and girls (World Bank). 

However, the assessment faced a lack of data also for this impact, making its judgment 

difficult. 

4.6.1.8. Economic activity in the community 

Power supply, especially for small and medium enterprise in Sub-Saharan Africa, represents a 

major constraint (CDC Group, 2016). The introduction of the mini-grid is therefore expected to 

impact the economic activity of the community. 

A literature review has found electricity access to impact economic activity through a number 

of channels  (Willcox et al., 2015), among the others, electricity has been found to: 

• Enable new or improve non-farm activities.  

• Reduce production costs, improving the competitiveness of local industries. 

• Increase agricultural and non-agricultural production. 

• Enable better access to market information increasing resilience of the industry and 

allowing better pricing decisions. 

• Extend the working hours leading to increased output. 

The same study reports impacts on creation of new businesses from a field study, where “30% 

of all enterprises surveyed had been started after programme implementation in both 

beneficiary and non-beneficiary groups”. 

Another field study, assessing the impacts of a community-based electric micro-grid in rural 

Kenya over 13 years, reports a 100-200% increase in productivity per worker, depending on the 

type of business (Kirubi et al., 2009). 

The impacts on increased productivity have been considered “very likely” and have been 

connected with the extension of working hours (“moderate” impacts) and other reasons such 

as the possibility to run electronic equipment (“major” impacts). Impacts on creation of 
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businesses have been assessed as “likely” to happen and bring, based on the study above, 

“moderate” impacts. 

4.6.1.9. Employment 

From a literature review carried out by Willcox et al. (2015), two main causal chains are 

identified, connecting electricity access to employment. The first one is based on the 

increased productivity of existing activities, which would in turn provide more job 

opportunities, and the second one is based on the principle that electricity access increases 

free time, which in turn increases the opportunity to carry out paid work. 

From the same literature review, it was found that, almost all the studies assessing employment 

and creation of new enterprises, found a positive correlation between these categories and 

access to electricity, suggesting therefore that an impact in this category would be “very 

likely”. Concerning the magnitude of this impact, a study has reported a mini-grid program in 

Kenya to bring a 20% increase in employment (Willcox et al., 2015), which is considered 

“moderate”. The interview conducted with GIZ experts engaged in mini-grid deployment in 

Kenya support these finding, showing how recent projects have brought great benefits in local 

employment, specifically in women employment. One of them, in Talek, has reported being 

responsible for the creation of 120 new local jobs (World Bank et al., 2017). 

Apart from the employment in community activities, new jobs are expected to be created in 

the power sector. A CDC Group’s report (2016) identifies different entry points through which 

employment can be connected to power project: 

• Direct employment effect: jobs created during construction. These jobs can be 

significant though are likely to be short-term. 

• Indirect employment effects: jobs created during construction by the suppliers and 

sub-contractors to the companies building and installing the power station. 

However, it was not possible to find studies reporting relevant impacts useful to estimate the 

magnitude and likelihood of increased employment in the energy sector from mini-grids. 

Therefore, the likelihood has been assessed as “possible” and the magnitude as “moderate”. 

The decrease in jobs related to the traditional lighting sources has been assessed with the same 

approach. 

4.6.1.10. Income 

From a literature review conducted by Willcox et al. (2015), findings on impacts of electricity 

on income were not consistent. According to the study, the lack of a positive correlation 

between electricity and income generation is caused by low consumption levels, equipment 

malfunction and lack of productive uses. Moreover, the findings might be influenced by the 
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fact the income generation happens mainly in non-farm enterprises that are only a small share 

of the household income, especially in Kenya. 

Household income can derive from increase profits of owners of enterprises, by employment 

of household members and/or better salaries. 

Harrison Leaf, CEO and Founder of Steama.co, when referring to rural electrification in the 

Vulcan Impact Investing report, claims that electricity access can increase household per 

capita income by 38 percent per year (Blodgett et al., 2016). In the Mpeketoni Electricity 

Project (MEP), a Kenyan community-based diesel powered micro-grid have assessed the 

impacts on income of SMEs over the 13-years lifetime of the project (1994–2007) reporting a 

growth in income levels in the order of 20–70%, depending on the product made (Kirubi et al., 

2009). Increase in income due to higher salaries is reported also by Willcox et al. (2015), which 

has reported in the surveyed Kenyans communities an average employee remuneration 

about 20% higher for electricity-beneficiary enterprises respondents than non-beneficiaries.  

Again, according to another survey from the same study, electrified households have seen a 

higher increase, around a third, in income compared to the ones without access, reporting an 

increase of 140% since the implementation of the programme.  

The pathways through which electricity access would bring an increase in income through 

increase revenues or higher salaries are considered to be “likely”, and the impacts arising from 

them are expected to be “moderate”, also considering the size of the groups affected by 

these changes. 

4.6.1.11. Summary of qualitative results 

Table 5 and Table 6 present a summary of what has just been discussed, listing the impact 

categories assessed qualitatively, with their specific impacts evaluated according to 

likelihood, magnitude, and significance. An additional version of this table, which includes the 

studies used to evaluate the categories and, where applicable, quantitative data, can be 

found in Table 22 in Appendix 1. 
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Table 5. Overview of the qualitative impact assessment (social impacts). 

Impact 

category 

Specific impact Jurisd. Likelihood Magnitude P 

/N 

Significant Summary 

Waste 

generation 

Increased generation of e-

waste from PV 

In Possible Major - Yes Overall possible 

negative 

impacts from 

increased 

generation of e-

waste from PV 

and increasing 

residential 

waste. 

Reduced generation of 

waste from kerosene 

lamps, portable batteries 

and candles 

In Likely Moderate  + Yes 

Increased generation of 

residential waste level due 

to increase consumption 

In Likely Minor - No 

Access to 

clean, reliable 

and 

affordable 

energy 

Access to clean, reliable 

and affordable electricity 

In Very likely Moderate + Yes Important 

positive impacts 

from substitution 

of traditional 

lighting 

(primarily) and 

cooking fuels 

with modern 

sources of 

energy. 

Access to clean sources of 

cooking 

In Possible Minor + No 

Accessibility 

and quality of 

education 

Increased number of hours 

that children can study at 

home 

In Likely Moderate 

 

+ Yes Moderate 

increase in 

access and 

quality of 

education from 

different 

specific 

impacts. 

Increased quality of 

teaching in schools 

In Likely Moderate + Yes 

Increased number of hours 

that children can study at 

school 

In Likely Moderate + Yes 

Increase years of schooling In Likely Moderate 

 

+ Yes 

Food security Improved food availability 

from improved agricultural 

productivity 

In Possible Major  + Yes Possible major 

improvements 

due to 

improved 

agricultural 

productivity, 

however the 

likelihood is 

uncertain. 

Possible 

improvements 

through other 

entry points are 

more likely. 

Improved food availability 

from increased knowledge 

and information from 

telecommunication 

systems 

In Likely Minor + No 

Improved food security 

from improved food 

storage due to 

refrigerators 

In Likely Moderate + Yes 

Access to 

water 

Improved access to water 

for drinking and productive 

uses due to instalment of 

solar pumps 

In Possible Moderate + Yes Moderate 

improvements 

are possible, but 

likelihood is 

uncertain. 

Accessibility 

and quality of 

healthcare 

Improved access to 

healthcare due to longer 

opening hours of health 

centres 

In Likely Moderate + Yes Moderate 

improvements 

in accessibility 

and quality of 

healthcare. Improved access to 

healthcare due to the 

possibility of storing 

vaccines 

In Likely Moderate + Yes 

Gender 

equality and 

empowerment 

of women 

Mobility at dark hours In Likely Moderate + Yes Moderate 

positive effects 

on women 

empowerment. 
Knowledge on health and 

family planning 

in Possible Moderate + Yes 
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Table 6. Overview of the qualitative impact assessment (economic impacts). 

Impact 

category 

Specific impact Jurisd. Likelihood Magnitude P 

/N 

Significant Summary 

Economic 

activity 

(community) 

increasing productivity of 

existing industry due to 

electronic equipment 

In Very likely Major + Yes Major and 

quite likely 

improvement 

for the 

economic 

activity in the 

community. 

Increased productivity of 

existing industry due 

longer working hours 

In Very likely Moderate + Yes 

creation of new 

economic activities  

In Likely Moderate + Yes 

Employment More jobs due to 

increasing productivity of 

local industry 

in Likely Moderate + Yes Moderate 

improvements 

likely to be 

seen in the 

level of the 

employment 

in the 

community. 

More jobs in the solar 

industry 

in/out Possible Moderate + Yes 

Less jobs from kerosene, 

candles and batteries 

sectors 

In/out Possible Moderate - Yes 

Income Increase in income from 

in-household business 

activities 

In Likely Moderate + Yes Very likely 

moderate 

improvements 

in income 

levels in the 

community. 

Increase in income from 

employment 

in Likely Moderate + Yes 

 

4.6.2. Quantitative assessment 

Before presenting the LCA results, the quantitative results related to the impact category 

“household’s expenses for electricity” are discussed. The LCA results are then presented for the 

baseline and policy scenarios. Graphs reporting the impact of the two scenarios for the five 

categories included in the assessment are used, in addition to a table presenting the numerical 

impact of baseline and policy scenarios, and the net impact (the difference between the two 

scenarios). 

Another note should be made regarding the Functional Unit used in this assessment. As 

explained in the baseline and policy scenario, the impacts are calculated using the 

consumption of electricity (policy scenario) or consumption of electricity-related services, such 

as lighting from kerosene and power from other sources (baseline scenario), over the course 

of 1 year. The two different scenarios are not providing the same function, since the baseline 

scenario only provides limited access to bad quality lighting, and the policy scenario provides 

access to an efficient and reliable source of electricity. Hence, this LCA results should not be 

read as a comparison between two options, but rather as an assessment of two different 

scenarios, with two different functional units, that allows the quantification of a net impact (the 

difference between the policy and the baseline scenario). 

4.6.2.1. Household’s expenses for electricity  

The availability of studies focusing on electricity expenses in Kenya is quite large. Various 

surveys conducted in Kenya in recent years, report expenses for kerosene ranging from 2.08$ 
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to 5.26$ per month. Costs for using other sources such as candles and batteries are around 

4.15-4.42$ per month and monthly expenses for charging mobile phones are 2.06$ (Rom et al., 

2017; Van Acker et al., 2014; Carbon Africa Limited et al., 2015). This gives an overall monthly 

expense for electricity services of 8.29-11.74$. 

For off-grid solutions, such as mini-grids, bigger than 100kWp, the national uniform electricity 

tariff of 0.20$/kWh is in place (Willcox et al., 2015), while for smaller systems the tariff is set by 

the developer. This relatively low tariffs is the lowest available, and requires a high level of 

subsidies. Considering all types of mini-grids, an average tariff on 0.56$/kWh has been reported 

(World Bank et al., 2017). Tariffs in private mini-grids are cost-reflected and they can reach 

0.80$/kWh and above if not subsidized (World Bank et al., 2017). Thus, considering a 

household’s monthly consumption of 29 kWh, as the one considered for the sizing of the mini-

grid in the Thesis, with the national uniform electricity tariff of 0.20$ we would have a monthly 

expense of 5.75$, while with the average tariff of 0.56$ this would be 16.24$. The results are 

summarized in Table 7. 

Table 7. Household's expenses for electricity services. 

Scenario Baseline scenario Policy scenario 

Source Kerosene 
Other 

sources 

Mobile 

charging 

National 

uniform tariff 

Average 

tariff 

Cost 
2.08-5.26 

[$/month] 

4.15$-4.42 

[$/month] 

2.06$ 

[$/month] 

0.20 

[$/kWh] 

0.56 

[$/kWh] 

Total cost/month 8.29-11.74 5.75 16.24 

 

4.6.2.2. Climate Change Mitigation 

The impact on Climate Change Mitigation has been measured through GHG emissions, 

expressed as CO2 eq. The policy scenario is found to perform much better than the baseline 

scenario, as shown by Figure 11, reducing the original impact of 70%, equivalent to a net 

impact of around -325,000 tons CO2 eq. 

 

Figure 11. Life Cycle Impact score for Climate Change. 
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For the baseline scenario, the main contributor is found to be the combustion of kerosene, 

which accounts for 70% of the impact, while the burning of diesel in the diesel genset and the 

production of the solar panels are the main contributors to the policy scenario, accounting for 

39% and 31% of the impacts respectively.  

More information on the contribution to the impact scores, for this and the other impact 

categories, can be found in Table 26 and Table 27 in Appendix 4. 

4.6.2.3. Air Pollution 

Particulate matter has been used to calculate the Life Cycle Impact score for the impact 

category Air Pollution. The results presented in Figure 12, reported in Disability-Adjusted Life 

Years (DALYs), reveal that the policy scenario is expected to substantially lower the Particulate 

Matter emissions of the baseline scenario by 96%, bringing a net impact of -6246 DALYs.  

 

Figure 12. Life Cycle Impact score for Particulate Matter. 

Since one of the reasons to provide electricity access in developing countries is to reduce the 

number of deaths caused by kerosene’s indoor pollution, we will take a closer look at this issue. 

Of the overall 6509 DALYs of the baseline scenario, 93% has been estimated to come from the 

use phase, therefore impacting indoor environments. This is due to the high PM2.5 emission 

factor chosen, which assumes 1 kg of kerosene to release 93 g of PM2.5 (Lam et al., 2012).  

Indoor air pollution, especially from Kerosene, has been reported to kill more people than AIDS 

and Malaria combined (WHO, 2018). However, these estimates only focused on emissions from 

cooking, and not from lighting. If we consider the total population under assessment, which is 

estimated to be around 6,414,108 people, we get around 0.001 DALYs per person, due to 

indoor air pollution. Even if, with this calculation, this number might look quite small, it should 

be noted that this is an average, and that the impact in the reality will be most likely not 

homogeneously distributed. Among the 6.4 million people surveyed in fact, some of them, 

especially women and children are expected to be more in contact with this source of 

emission (UNDP, 2012) and therefore to pay the higher price for it. 
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4.6.2.4. Human toxicity 

Human toxicity has been calculated by summing up the LCA impact categories “Human 

carcinogenic toxicity” and “Human non-carcinogenic toxicity”, and its results are expressed in 

DALY. It aims to express the damage to humans provoked by the emission of harmful chemicals 

to air, soil and water. As Figure 13 shows, the policy scenario’s score is found to be double than 

the baseline’s score, resulting in a net impact of 116 DALYs. Even though, in this case, the policy 

scenario appears worse than the baseline, it should be noted how these 116 DALYs are 

marginal, compared to the 6246 DALYs’ reduction from Air Pollution. 

 

Figure 13. Life Cycle Impact score for Human Toxicity. 

The high impact of the Policy scenario is to be attributed for the mining of copper, especially 

from the large amounts contained by the battery pack, and its tailing (mine dumps) which are 
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petroleum. 
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Figure 14. Life Cycle Impact score for Fossil resource depletion. 

In terms of Mineral resource depletion, the results, presented in Figure 15, are quite surprising, 

with the policy scenario performing better than the baseline scenario, providing considerable 

savings thanks to a negative impact score of around 6 thousand ton of Cu eq. This negative 

impact score, called by LCA practitioners “crediting”, is due to savings of cobalt obtained 

from the recycling of the Li-ion battery. A closer look to the Ecoivent database reveals in fact 

that 0.277 kg of cobalt are recycled from 1 kg of battery. However, cobalt does not appear in 

the original composition of the battery, leaving some doubts on the reliability of this result. This 

case will be further analysed in the Sensitivity analysis. More details on this matter are provided 

in Figure 22 in Appendix 1. 

 

Figure 15. Life Cycle Impact score for Mineral resource depletion. 
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A careful reader might notice that even though, for example, GHG emissions happen 

somewhere else than Kenya (out-jurisdiction), their impact will be seen (most likely and to some 

extent) also within the jurisdiction. On the other hand, GHG emissions happening inside 

jurisdiction, do not necessarily entail in-jurisdiction impacts. This is because some impact 

categories are local (i.e. with local impacts) while others, such as climate change, are global 

(i.e. with global impacts). Therefore, the in-jurisdiction impact in this case should be intended 

just as an indication of where the emission occurs. 

Table 8. LCA results and net impacts. 

Impact category Indicator 

Unit Baseline 

Scenario 

Policy 

scenario 

Net 

impact 

In-

jurisdiction 

Climate Change 

mitigation 

GHG emissions [CO2 

eq.] 

[CO2 eq.] 4.67E+08 1.42E+08 -3.25E+08 -3.31E+08 

Air pollution 

(Indoor and 

Outdoor) 

Particulate matter 

 

[DALY] 6.51E+03 

93% 

indoor 

2.63E+02 

(0% 

indoor) 

-6.25E+03 

(93% 

indoor) 

-6.04E+03 

(93% 

indoor) 

Human Toxicity 

(Air, water and soil) 

Human carcinogenic 

and non-carcinogenic 

toxicity 

[DALY] 1.05E+02 2.21E+02 1.16E+02 -2.55E+00 

Depletion of non-

renewable 

resources 

Mineral resource 

depletion 

[kg Cu eq] 

 

5.21E+05 -6.15E+06 -6.67E+06 0E+00 

Fossil resource 

depletion 

[kg oil eq] 1.56E+08 4.29E+07 -1.13E+08 0E+00 

 

4.6.2.7. Other LCA impacts 

Even though only five categories from the LCA have been included in the assessment, all the 

categories belonging to the ReCiPe 2016 methodology have been assessed. As explained in 

Section 4.3.2, the categories found to be not significant and not relevant, have not been 

included in the assessment boundaries. Among these categories, very small negative impacts 

(i.e. policy scenario performing worse than the baseline scenario) are found in Ozone 

formation, Ionizing radiation, freshwater, and marine eutrophication, terrestrial, freshwater and 

marine ecotoxicity. A more detailed overview of these categories, including their significance 

calculated with the methodology outlined in Appendix 1 can be found in Table 24 and Table 

25 in Appendix 4.  

4.7. SDGs performance 

Following the methodology presented in Section 3.3, quantitative impacts and qualitative 

specific impacts are linked with the targets of the SDGs framework. Table 23 in Appendix 1 

shows how the impact categories, indicators and specific impacts assessed in the study are 

aligning to the SDGs and SDG targets, and the codes assigned to them.  
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The results of the SDGs’ assessment are reported in Figure 16. Since the SDGs impacts have 

been calculated differently for quantitative and qualitative impact categories, and therefore 

represent something different, the SDGs impacts from the quantitative categories have been 

highlighted with red colour. The bars are meant to represent improvements with positive bars 

standing for positive improvements. 

 

Figure 16. SDGs' Impact Assessment. 

The SDGs impact assessment shows how the mini-grid’s policy contributes positively to SDGs. 

SDGs 3 (Good Health and wellbeing), 4 (Quality of Education), 8 (Decent work and economic 

growth) and 12 (Responsible consumption and production) in particular, are expected to see 

many and sometimes very important improvements. 

4.8. An additional scenario: The National Grid 

The case study builds upon the findings by DFID and iED, which finds solar PV mini-grids to be 

the least expensive option for 1.5 million households. The baseline scenario has been identified, 

due to the short-term period in which mini-grids will be deployed, in the lack of electricity, 

which reflects the current situation the targeted group faces. However, if mini-grids are not to 

be implemented, other sources of electricity might be used, to connect the unconnected and 

reach universal access to electricity by 2020. The two main technologies which are expected 

to be used, for this scope, would be the National Grid and the Solar Home Systems (SHS). SHS 

deployed in Africa, however, have very low capacities compared to mini-grids, ranging 

typically from 14-20 Wp, and reaching a maximum of 100 Wp (Ondraczek, 2013; Bond et al., 

2012; Harrison et al., 2016), and therefore their use for productive activities is limited. The 

National grid appears to be the most appropriate substitute of mini-grids, and it could 

therefore be assumed to be deployed if mini-grids are not to be implemented. This chapter 

evaluates, using the same methodology and same impact categories considered in the case 

study, what the potential environmental impacts of the national grid could be, in comparison 
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with the solar PV mini-grids assessed in the case study. Moreover, it points out which social and 

economic impact categories could see different impact compared to the mini-grid’s case. 

4.8.1. Environmental Impact 

Before presenting the results of the environmental impacts conducted with LCA, it should be 

clarified that, as in the case study, also these two scenarios (solar PV mini-grids and national 

grid) are not providing the same function and that therefore the environmental impacts should 

be evaluated together with the social and economic ones, which account for these 

differences. In fact, if the solar PV mini-grid can allow only a limited level of consumption from 

households, which depends on the availability of the solar energy, the national grid can 

provide “unlimited” availability of power to the costumers. 

Keeping this in mind, the LCA considers and compares a FU of 1 kWh from the national grid 

and the solar PV mini-grid, assessing both the national grid’s electricity mix of today (SE4All and 

Ministry of Energy and Petroleum, 2016; USAID, 2015), and the projection to 2020 (USAID, 2015), 

as presented in Table 9. 

Table 9. Electricity mix used to assess the environmental impact of the national grid. 

Energy source Electricity mix 2018 (latest data: 2015) 

(SE4All and Ministry of Energy and 

Petroleum, 2016)(USAID, 2015) 

Electricity mix 2020 

(USAID, 2015) 

[MW] [%] [MW] [%] 

Geothermal 598 25.92% 1984 39.37% 

Hydro 821 35.58% 921 18.27% 

Wind 25.5 1.11% 786 15.60% 

Diesel 777 33.67% 751 14.90% 

Biomass 26 1.13% 108 2.14% 

Gas Turbines 60 2.60% 60 1.19% 

Solar 0 0.00% 430 8.53% 

TOT 2307.5 100% 5040 100% 

 

All the environmental categories are calculated using the LCA approach described in the 

methodology and considering the whole life cycle of the technologies, including their 

infrastructures (e.g. power plants). For more information on the processes chosen for the 

assessment please refer to the LCI in Appendix 3. The impact categories already included in 

the case studies are assessed by default; however, the other categories are also analysed, 

and presented in case some are found to be significant. 

4.8.1.1. Climate Change mitigation 

The impact on Climate Change, presented in Figure 17, reveals the National electricity mix of 

2018 to cause the highest GHG emissions, while the 2020’s electricity mix and the mini-grids 
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display the same impact.  As for the case of diesel gensets in the solar PV mini-grids, diesel 

combustion, this time in diesel co-generation plants, is found to be the main cause of GHG 

emissions, causing 82% of the emissions from the National grid in 2018 and 61% in 2020. 

 

Figure 17. GHG emissions for 1kWh from the current National grid mix, the National grid mix in 2020 and 

the solar PV mini-grid. 

4.8.1.2. Air pollution 

The impact from Particulate matter formation (Figure 18) shows that the impact of the solar PV 

mini-grid on this category is expected to be 2-3 times higher than the national grid’s one. All of 

the impacts are again mostly cause by diesel combustion (67% for the 2018’s mix, 38% for the 

2020’s mix, 54% for the mini-grid), however, the small diesel genset used in the mini-grid 

appears, in proportion, more harmful than the diesel plant from the national grid’s scenarios. 

 

Figure 18. PM formation for 1kWh from the current National grid mix, the National grid mix in 2020 and 

the solar PV mini-grid. 
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Figure 19. Human toxicity impact for 1kWh from the current National grid mix, the National grid mix in 

2020 and the solar PV mini-grid. 

4.8.1.4. Depletion of non-renewable resources 

In the impact category assessing mineral resource depletion, the solar PV mini-grid is found to 

perform better than the national grid scenarios (Figure 20), due to the crediting coming from 

the recycling of the Li-ion battery, which has already been explained earlier. For the national 

grid scenarios, the impact comes mainly from the distribution network’s and geothermal 

plant’s infrastructures. 

 

Figure 20. Mineral resource depletion for 1kWh from the current National grid mix, the National grid mix 

in 2020 and the solar PV mini-grid. 
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Figure 21. Fossil resource depletion for 1kWh from the current National grid mix, the National grid mix in 

2020 and the solar PV mini-grid. 

4.8.1.5. Other LCA impact categories 

No additional LCA impact categories were found significant. For a full overview of the LCIA 

results of this analysis please refer to Table 32 and Table 33 in Appendix 4. 

4.8.2. Social and Economic Impacts 

Presented the differences in terms of environmental impacts, it is now the turn of the social and 
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challenging, due to the scarce availability of studies assessing specifically mini-grids or National 

grid’s impacts in Kenya (or in developing countries in general). In electricity access projects, 

local conditions and technological aspects can make a difference from making a project 
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these social and economic impacts, the author’s judgement has been used. The starting point 

for identifying relevant categories has been to identify the main differences between the two 

scenarios, which are: 

• The power availability. The national grid, compared to the mini-grid, allows a higher 

level of electricity consumption. Thus, the impact categories for which a high level of 

electricity access is considered to be important are analysed. 

• The change in technology. Hence, categories which are affected by this change are 

also considered. 
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4.8.2.1. Other Social and Economic impact categories 

Following the approach just outlined, Table 10 shows which categories are expected to see 

different impacts compared to the mini-grid’s scenario, for which reason and how. 

Table 10. Social and economic impacts of the National grid compared to mini-grids. 

Change in impact 

due to: 

Impact category Specific impact Type of change 

Change in 

technology 

Waste generation Increased generation of e-

waste from PV 

Less e-waste from PV at village 

level, due to the PV not being 

used anymore. 

Employment More jobs in the solar industry Less jobs in the solar industry. 

More power 

available 

Waste generation Increased generation of 

residential waste level due to 

increase consumption 

Since consumption in the 

national grid scenario is 

expected to be higher, 

generation of residential waste 

could also increase in the long-

term. 

Access to clean, 

reliable and 

affordable energy 

Access to clean, reliable and 

affordable electricity 

Due to the lower tariff (see next 

section), more people can afford 

access to electricity. 

Food security Improved food availability 

from improved agricultural 

productivity 

Possibly higher improvements due 

to a higher level of power 

available for the industry. 

Improved food security from 

improved food storage due 

to refrigerators 

Possibly higher improvements due 

to a higher level of power 

available. 

Access to water Improved access to water 

for drinking and productive 

uses due to instalment of 

solar pumps 

Possibly higher improvements due 

to a higher level of power 

available for the industry. 

Economic activity 

(community) 

increasing productivity of 

existing industry due to 

electronic equipment 

Possibly higher improvements due 

to a higher level of power 

available for industries with high 

energy consumption. 

creation of new economic 

activities  

Possibly higher improvements due 

to a higher level of power 

available for industries with high 

energy consumption. 

Employment More jobs due to increasing 

productivity of local industry 

due to electricity access 

Possibly higher improvements due 

to a higher level of power 

available for industries with high 

energy consumption. 

Income Increase in income from out-

household business activities 

Possibly higher improvements due 

to a higher level of power 

available for industries with high 

energy consumption. 
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4.8.2.2. Household’s expenses for electricity 

For low-power consumers connected to the domestic grid, “consumption of electricity up to 

50kWh/month is charged at the so called 'lifeline tariff', a subsidised rate of around 2 USD cents 

per kWh”. For consumptions between 51kWh and 1,500kWh/month, a tariff of 0.12$ applies, 

and for consumptions above 1,500kWh/month, the tariff is set at 0.20$/kWh (World Bank et al., 

2017). Table 11 presents a summary of the costs of electricity for national grid and mini-grids. 

Table 11. Tariff for national grid and mini-grid. 

Scenario Solar PV mini-grids National grid 

Type of Tariff 

National 

uniform 

tariff 

Average 

tariff 

Consumption 

< 

50kWh/month 

50kWh/month < 

consumption < 

1500 kWh/month 

consumption 

>1500 

kWh/month 

Cost 
0.20 

[$/kWh] 

0.56 

[$/kWh] 

0.02 

[$/kWh] 

0.12 

[$/kWh] 

0.20 

[$/kWh] 

 

4.9. Uncertainty and Sensitivity analysis 

Working with such a big system, with limited resources and time, made it impossible to perform 

direct field measurements. Hence, an extensive literature review was necessary, and a lot of 

assumptions were needed. Due to this, the assessment presents many uncertainties. This does 

not mean that the study is inaccurate or not valid, but rather that an uncertainty and a 

sensitivity analysis is necessary, to underline what the main assumptions are and how they can 

affect the results of the study. 

4.9.1. Uncertainty analysis 

The following uncertainty analysis aims at pointing out the most important parameters and 

results which are believed to be uncertain. This is done by analysing these uncertainties 

qualitatively with respect to the quality and quantity of the evidence on which they are based 

and the agreement between this evidence. The quality and quantity of the evidence is 

assessed on a scale limited-medium-robust and the agreement of the evidence on a scale 

low-medium-high. 

Given the extremely large number of parameters involved in the study, it was preferred to 

group some of them, to make the uncertainty analysis more straightforward. Qualitative 

impacts results, since they are already scored according to their likelihood, have not been 

assessed in this section and the uncertainty arising from the evidence on which they are based 

is considered to be already included in their impact scores. Thus, the following parameters are 

assessed: 
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• The sizing of the PV mini-grid, intended as how much PV modules, batteries and diesel 

are necessary for supplying energy to the 1.5 million households assessed.  

For sizing the mini-grid various studies were considered, each of them proposing 

different sizing solutions, since the size of the mini-grid depends on local parameters. In 

the end, one study, combining five designs from five different villages was chosen, to 

overcome the uncertainty related to the design of the mini-grid. Even though this is 

considered a “safe” choice, it should be acknowledged that many other possible 

designs exist. 

• The type of technology used by the mini-grid, intended as type of PV, type of battery 

and presence and type of diesel generator. 

As just mentioned above, many studies were considered to size the mini-grid. In terms 

of the type of technology used, the studies agreed that the solution with battery pack 

and diesel back-up was the most common one. Hence, the type of technology is not 

considered as having a high uncertainty. However, not so many studies were found 

providing information on the type of PV and battery used. 

• The technology mix chosen for the baseline scenario and their amount, which included 

kerosene, batteries and diesel generators.  

The availability of material for the estimation of the technology used in the baseline 

scenario was considerable. There was general agreement among the sources to 

identify in Kerosene the main lighting source. However, sources of light such as candles 

or even wood might be more common in poor areas  (Bacon et al., 2010), therefore 

suggesting uncertainty in this category. 

• The cost of kerosene, candles, batteries and phone charging. 

As suggested by the costs of electricity reported in Table 7, studies have reported 

different expenses for kerosene, candles and batteries. However, these prices are not 

drastically different, providing consistency among the evidence. 

• The cost of electricity from the mini-grid. 

The uncertainty related with the cost of electricity from the mini-grid relates only to non-

subsidised private mini-grids, for which the cost of electricity reflects the cost of 

connection. In this case, different mini-grids designs were found, reporting slightly 

different costs per kWh. 

• The emission factors used for modelling the combustion of kerosene, which have been 

assumed by analysing existing literature, and have shown to highly affect the baseline 

scenario’s results. This is most likely the biggest uncertainty of the LCA. Three different 

studies, presented in Table 21 (Appendix 1), were found, presenting emission factors for 

kerosene, two of which, specifically targeting kerosene burned in lamps. These studies 

were quite in disagreement, presenting emission factors with more than one order of 

magnitude of difference. 
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• The National grid electricity mix in 2020, for which a USAID study has been used.  

In the light of the outlined findings, Table 12 presents the main uncertainty of the studies. 

Table 12. Qualitative uncertainty analysis. 
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  Limited Medium Robust 

  Quantity and quality of evidence 

 

4.9.2. Sensitivity analysis 

In this section, a sensitivity analysis is performed, to evaluate how changes in the uncertain 

parameters can affect the results of the LCA.  

For the following parameters, most of them already identified in the uncertainty analysis, 

Equation 2 is used: 

Equation 2. Formula used to calculate sensitivity coefficients. 

𝑆𝐼𝑛 =

∆𝑜𝑢𝑡𝑝𝑢𝑡
𝑜𝑢𝑡𝑝𝑢𝑡
∆𝑖𝑛𝑝𝑢𝑡
𝑖𝑛𝑝𝑢𝑡

 

• Size of PV panels 

• Size of Li-ion battery used in PV system 

• Amount of diesel from the genset used by the mini-grid 

• Amount of kerosene used in the baseline scenario  

• Amount of batteries used in the baseline scenario 

• Amount of diesel gensets used in the baseline scenario 

• Length of cables used for the low voltage network of the National grid 

Parameters presenting a sensitivity coefficient higher than 0.5 are considered highly sensitive, 

while parameters with sensitivity coefficient between 0.3 and 0.5 are evaluated as moderately 

sensitive. 
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The following scenarios are furthermore considered, and relative improvements are calculated 

using Equation 3: 

Equation 3. Formula used to calculate sensitivity of scenarios. 

 %𝑟𝑒𝑙𝑎𝑡𝑖𝑣𝑒 𝑐ℎ𝑎𝑛𝑔𝑒 =
𝐼𝑆𝑠𝑐𝑒𝑛𝑎𝑟𝑖𝑜 − 𝐼𝑆𝑏𝑎𝑠𝑒 𝑐𝑎𝑠𝑒

𝐼𝑆𝑏𝑎𝑠𝑒 𝑐𝑎𝑠𝑒
∗ 100% 

• The case of excess mini-grid’s electricity production being sold to the National grid. 

• The scenario in which the mini-grid runs completely on renewable energy from the PV. 

In this case, the diesel genset has been simply taken out and the mini-grid is therefore 

providing 91% of the electricity of the original policy scenario. 

• The use of a NaCl battery instead of Li-ion one. 

• Different emission factors for kerosene combustion. 

• Removal of cobalt’s recycling in the Li-ion battery. 

Table 13. Sensitivity coefficients for selected parameters. 

Impact category Li-ion 

battery 

(policy) 

PV 

panels 

(policy) 

Diesel 

consumed 

(policy) 

Kerosene 

(baseline) 

Batteries 

(baseline 

Diesel 

generator 

(baseline) 

Low v. 

cables 

(national 

grid) 

Climate Change 0.12 0.41 0.47 0.86 0.02 0.12 0.01 

Air pollution 0.24 0.07 0.69 0.70 0.05 0.25 0.07 

Mineral resource 

scarcity 

1.16 -0.15 -0.01 0.29 0.65 0.06 0.25 

Fossil resource scarcity 0.12 0.36 0.52 0.87 0.02 0.11 0.00 

Human Toxicity 0.66 0.32 0.03 0.21 0.74 0.05 0.61 

Average 0.46 0.20 0.34 0.59 0.30 0.12 0.19 

 

As it can be seen from Table 13, the parameters considered have been found to present a 

general moderate to high sensitivity. More specifically, a change in the battery size shows, as 

expected, to highly affect Mineral resource scarcity. PV panels, diesel consumption in the 

genset and kerosene’s consumption, present high sensitivity with respect to global warming. 

Particulate matter is particularly sensitive to diesel consumption from the mini-grid. For human 

toxicity, the most sensitive parameter is found to be the amount of batteries, both the Li-ion 

battery of the mini-grid and the dry-cell batteries of the baseline scenario, together with the 

length of the cables for the transmission of low voltage electricity. The impact category fossil 

resource depletion displays high sensitivity to diesel and kerosene consumption, and moderate 

sensitivity to PV panels. 

The sensitivity analysis has evaluated what would happen if the mini-grid would be connected 

to the main grid and the 27.5% of electricity currently wasted by the mini-grid would substitute 

the national grid electricity mix. For this purpose, the current electricity mix of Kenya has been 

considered. The analysis reveals that this scenario could bring substantial benefits especially 
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for Climate Change mitigation and Fossil resource scarcity, where the impacts could be 

reduced by more than 65% (Table 14). 

The scenario considering the mini-grid running completely on renewable energy from the PV, 

also reveals important savings, with the impacts on Climate Change mitigation, Air pollution 

and Fossil resource scarcity which are substantially reduced. 

Substituting the Li-ion battery with a NaCl battery brings some positive improvements on 

Human Toxicity, but drastic negative consequences for mineral resource scarcity and air 

pollution. Finally, the Kerosene’s emission factors for PM and GHG found by Fan and Zhang 

(2001) are shown to substantially underestimate the original baseline scenario’s impacts on 

Climate Change and Air pollution. 

Cobalt presents a very high characterisation factor in ReCiPe 2016 (6.57 kg of Cu eq/kg of 

Cobalt). As discussed above, the amount of cobalt recycled from the batteries did not match 

the amount in the battery. Hence, results for Mineral resource scarcity are not considered 

reliable. A new impact score, considering no cobalt’s recycling from batteries has been 

calculated, resulting in a policy scenario’s impact of 1.26E6 kg Cu eq, which in turns results in 

a considerable negative impact of the policy on mineral resource depletion. The net impacts 

of the policy calculated for these scenarios are reported in Table 31 in Appendix 4. 

Table 14. Improvements [%] in uncertain scenarios assessed. 

Impact category Excess 

electricity to 

National grid 

[Policy 

scenario 

impact] 

100% 

Renewable 

energy 

[Policy 

scenario 

impact] 

NaCl battery 

[Policy 

scenario 

impact] 

Kerosene’s PM 

and GHG 

emissions 

[Baseline 

scenario 

impact] 

No cobalt 

recycling 

from Li-ion 

batteries 

Climate Change mitigation -65% -47% +12% -50% +6% 

Air pollution -20% -69% +85% -90% +8% 

Mineral resource scarcity -4% -0% +183% 0% +121% 

Fossil resource scarcity -68% -52% +8% 0% +5% 

Human Toxicity -8% -3% -41% 0% +3% 
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5. Discussion 
The analysis of the policy’s impacts reveals that the deployment of solar PV mini-grids could 

bring various social and economic benefits. The qualitative analysis conducted shows only one 

potential negative impact, on waste generation, because of the possible wrong handling of 

e-waste from the PV systems and due to an increase in residential waste, which would put 

pressure on the waste infrastructure of the communities. Apart from this, many positive impacts 

are likely to be observed. Access to education is likely to see positive impacts thanks to 

increased availability and quality of teaching at schools and the possibility to study more time 

at home, which could bring positive consequences of moderate magnitude. Similarly, access 

to healthcare is also believed to be positively affected by moderate impacts. Some impact 

categories that could also see positive changes but that, since they are further down in the 

cause-effect chain, are less likely to be seen, are water access and food security, which might 

need additional infrastructures to be affected by the policy scenario. The most likely and most 

highly affected impact categories are the economic ones, with increased productivity and 

creation of new enterprises most likely affecting with major and moderate impacts the 

economic activity of the community. These improvements in economic activity are believed 

to also drive other impacts, such as employment and income generation.  

The analysis of the environmental impacts through the LCA reveals some drawbacks in terms 

of Human Toxicity impacts, due to the pollution of water basins, arising from the mining of 

copper used in the Li-ion batteries. However, this negative score is outnumbered by the 

positive impacts on Air pollution from PM2.5 emissions, especially indoor, which could 

potentially bring a saving of around 6 thousand DALYs per year. Climate Change mitigation 

will also be benefitted by the policy, with CO2 emissions savings estimated to be around 

325,000 tons per year. Fossil and mineral resource depletion also shows some positive 

improvements, assuming that the batteries are recycled and that the minerals contained 

inside are re-used. However, we have seen how uncertain the impacts on mineral resource 

depletion are, due to the presence of cobalt’s recycling. This uncertainty could result in the 

policy bringing negative impacts in terms of the use of mineral resources. 

In the light of this, the SDGs impact assessment, which put the results of the study in perspective 

using the SDGs Framework, confirms how SDG 8 (Decent work and economic growth) is 

expected to be positively affected by the policy under assessment. SDGs 3 (Good Health and 

wellbeing), 4 (Quality of Education), and 12 (Responsible consumption and production) also 

see some important contributions by various indicators analysed in the assessment. Overall, 12 

SDGs are found to be directly linkable with the impact categories, indicators or specific 
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impacts used in the assessment. Within the existing SDGs targets, 19 targets have been found 

linked with the impact categories, indicators and specific impacts used in the assessment. 

The quick comparison between solar PV mini-grids and Kenya’s national grid shows however, 

that the mini-grid solution might perform worse, or at least not substantially better, than the 

National grid, especially if a “green” energy mix is considered. The National grid offers lower 

tariffs, which could help in making electricity access more affordable, and might allow more 

flexibility in terms of power availability for productive users, which in turn could result in higher 

improvements for most of the economic impacts categories, water access and food security. 

Nevertheless, it should be highlighted that, although this was not included in the assessment, 

the national grid is commonly not so reliable in Kenya, with around 56 days per year estimated 

to have power interruption (Infotrak, 2017). The LCA reveals how, the “green” 2020’s electricity 

mix used (USAID, 2015), results in similar, and most of the times better, impact scores than the 

mini-grid. This is due to different factors related to the design of the mini-grid: 

• With the energy consumption level assumed, 27.5% of the mini-grid’s electricity is 

currently not used, but these impacts are still accounted for in the LCA. As shown in 

the sensitivity analysis, if the mini-grid would be connected to the national grid (or to 

another mini-grid), the energy not used by the original consumers of the mini-grid 

could be used by other costumers. This could lower the impacts on Climate Change 

by 65% and Air pollution by 20%. 

• The mini-grid has been assumed to run with a diesel genset. Even though this only 

provides the mini-grid with 9% of the produced electricity, its impact has been found 

to be very high. As shown in the sensitivity analysis, if the mini-grid would run completely 

on solar, the impacts on Climate Change and Air pollution would be lowered by 50% 

and 70%, respectively, making the off-grid solution better than both national grid 

scenarios in these impact categories. 

In addition to these findings, the sensitivity analysis has also underlined how, kerosene’s 

consumption, type and size of battery storage and emission factors for kerosene in particular, 

can highly affect the results of the study. For this purpose, case-specific data should be 

collected to make the results of the assessment more precise. 
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6. Conclusion 
Among the 17 UN SDGs, one in particular, SDG 7 calls for ensuring access to affordable, 

reliable, sustainable and modern energy for all. Although the invention of the first light bulb is 

almost 140 years old, access to electricity is still denied to 1.1 billion people in the world, half of 

which lives in Sub-Saharan Africa. One of the countries better positioned in terms of electricity 

access, in Sub-Saharan Africa is Kenya, which according to the latest data, can count on 56% 

of the population having access to electricity.  

Solar PV mini-grids are one of the technologies that could help in making universal electricity 

access possible, helping Kenya in reaching its target of universal electricity access by 2020. In 

fact, their potential is especially high in African countries, where solar irradiation is notable. 

It is not a coincidence that a recent report by the Ministry of Energy and Petroleum (2016) 

quotes an analysis commissioned by DFID and performed by iED according to which around 

15% of the population in Kenya is best served by solar PV mini-grids (DFID and iED, 2013). 

In response to this, the present Master’s Thesis evaluates the sustainable development impacts 

of solar PV mini-grids in Kenya, as a mean of providing electricity access to 1,457,752 

households. By using the ICAT Sustainable Development guidance, environmental, social and 

economic impacts are assessed, to understand which consequences mini-grids could bring. 

To evaluate these impacts, the implementation of mini-grid, also called “policy scenario”, is 

compared to a “baseline scenario”, in which the 1.5 million households, and their respective 

businesses and institutions, are not connected by any source of electricity and rely mainly on 

kerosene, dry-cell batteries and, although marginally, small diesel generators. A mini-grid 

powered 91% by solar panels, 9% by a diesel backup and supplied with a battery storage is 

chosen for the baseline scenario and sized using online literature. 

A qualitative assessment following the ICAT guidance is performed to evaluate most of the 

social and economic impacts and the impact category “waste generation”. The costs of 

electricity services are quantified and LCA is used to evaluate the environmental impacts. The 

impact categories to be assessed are chosen according to significance and relevance, for 

which a stakeholder’s consultation was also held. 

Regarding the qualitative impact assessment, the policy influences extensively the economic 

categories, with increased productivity and creation of new enterprises likely affecting with 

major or moderate impacts the economic activity of the community. An increasing level of 

economic activity is found to lead to other impacts as employment and income generation, 

which will see in general likely impacts of moderate magnitude. Electricity access will also 

enable better access to education, thanks to increased availability and quality of teaching at 
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schools and the possibility to study more time at home. Access to healthcare, will similarly be 

affected, due to longer working hours and possibility of storing vaccines. Both these impacts 

are found to be likely to happen and bring moderate improvements. Improved food security 

and water availability were identified by stakeholders as expected impacts of the policy. 

Although they are found to be connected to electricity access with possible positive 

improvements, these impacts are further down in the cause-effect chain, and therefore less 

likely to be seen. A possible negative effect is found for waste generation, which could 

increase due to the absence of infrastructure to recycle Li-ion batteries, and because of the 

higher production of residential waste arising from better economic conditions.  

The adoption of the mini-grid is found to possibly decrease the expenses for traditional sources 

of power, such as batteries and kerosene by half, if the tariff for the mini-grid aligns with the 

uniform National tariff. However, if the tariff is cost-reflected, an overage of 0.56 $/kWh is found 

from the literature, which would mean that households might have to pay more for electricity 

services, than in the baseline scenario. 

Not only the policy can affect positively society, important positive environmental impacts are 

also likely to be seen for Climate Change, Air pollution and Fossil resource depletion. The policy 

is found to affect positively and quite surely climate change and air pollution, bringing a 

positive yearly net impact of 325,000 tons of CO2eq and 6246 DALYs respectively. However, 

Climate Change results are extremely sensitive (sensitivity coefficient = 0.86) to the amount of 

kerosene used, which was selected being 6.75 litres/month per household. Air pollution results 

are found to be very uncertain due to the low information available on the PM emission factors 

of Kerosene. Compared to standard analysis, where an emission of 93 g/kg of kerosene was 

used, a sensitivity check performed with a factor of 3.27 g/kg showed a decrease of 90% in 

the impact score of the baseline scenario. The impact category “Fossil resource depletion” 

follows the positive results of Climate Change. Human toxicity is found be negatively affected 

by the policy, with a negative net impact of 116 DALYs, highly due to the mining of copper, 

especially from the large amounts contained in the battery pack. The impact on Mineral 

resource depletion is unclear, with the LCA modelling giving as a result a positive impact, which 

is not considered reliable since it comes from the recovering of cobalt in Li-ion batteries, which 

does not match the mass-balance of the battery. When cobalt is left out from the analysis, the 

policy is found to cause a net negative impact of 740 tons of Cu eq per year. 

According to the results presented above, the policy will not only impact SDG 7, but also many 

others. 12 SDGs and 19 SDGs’ targets are found to be directly impacted, with most of the 

changes being positive and affecting SDG 3, 4, 8 and 12. 

The National grid, which is also a viable option for providing electricity access to people, has 

also been considered in the assessment and compared with the mini-grid. Although the 

current mix, depending mainly on Diesel plants, hydro and geothermal, does not provide 
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benefits for Climate Change and Fossil resource depletion, it can perform better in “Air 

pollution” and “Human toxicity”. When a greener mix, powered mainly by geothermal energy 

is considered, the environmental profile of the National grid seems to be preferable to the mini-

grid’s one. Considering the fact that the unconnected households are located in remote 

areas, however, the Human toxicity impacts of the National grid might be underestimated, 

because of the length of the cables, for which the default data on Ecoinvent was used. 

Social and economic impacts, especially the ones related with a high level of consumption, 

could see slightly higher improvements, compared to the policy scenario. Moreover, the lower 

tariffs of the National grid, which go from 0.02$/kWh to 0.20$/kWh, also lead to some savings 

and to more people being able to afford electricity access. 

DFID and iED report solar PV mini-grids to be the best option for 15% of the population, so this 

should be taken into serious consideration, when analysing mini-grids in comparison with the 

National grid. If mini-grids are to be implemented, following the findings of this study, few 

recommendations can be done, to maximize the environmental impact of the policy, while 

maintaining the social and economic benefits: 

• If the mini-grid runs completely on renewable energy, the impact on Climate Change, 

Air pollution and Fossil resource depletion are considerably reduced. Normally, this 

would entail the use of a bigger battery storage, which could bring higher negative 

impacts on Human Toxicity. However, we have seen how this impact is outweighed by 

the positive impacts on Air pollution. Nevertheless, mineral resource depletion could 

be negatively affected by this choice, considering the case where the recycling of 

cobalt is not included.   

• With the current design, 27.5% of the energy produced by the mini-grid is wasted. If 

the mini-grid would be connected to the national grid or to other mini-grids, the 

impacts of the policy scenario could be reduced considerably. In the case performed 

in the sensitivity analysis impacts on Climate Change were reduced by 65%, Fossil 

resource depletion by 68% and Air pollution by 20%. 
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Appendix 1: General 

supporting information 
i. Methodology used to evaluate significance of LCA 

categories 

A different and more complicated approach than what normally required is necessary to 

evaluate the significance of the impact categories calculated with the LCA, since ReCiPe 

2016 did not yet offer a normalisation and weighting reference. The endpoint indicators are 

used: impact categories measured in DALYs are evaluated against each other, and so it is 

done for the ones measured in species*year and USD2013. The normalisation and weighting 

reference of ReCiPe 2008 (World ReCiPe H/A) provided in Table 15 is then used to evaluate all 

impact categories against each other. This could be done only at endpoint level because the 

midpoint impact categories in ReCiPe 2008 and 2016 differs in type and units. 

Table 15. Normalisation and weighting scheme of ReCiPe 2008. 

Damage category Normalisation Weighting 

Human health 73.3 400 

Ecosystems 1090 400 

Resources 0.00408 200 
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ii. Comparison of ICAT with other SD tools 

Table 16. Comparison of ICAT with tools assessing Sustainable Development (SD) impacts. A yellow mark 

means that the feature is possible, but not explicitly recommended or provided by the tool 

 Tool 

(Developer) 

NAMA SD 

Tool 

(UNDP) 

Policy and 

action 

standard 

(WRI) 

CDM SD Tool 

(UNFCCC) 

NAMA SD 

Framework 

(UDP, iisd) 

ICAT SD 

guidance 

(WRI, UDP) Criteria  

Assessment of SD impacts 

     

SD criteria and indicators 

 

n.a. 

   

Quantification 

     

Assessment of negative 

impacts      

Monitoring and Reporting 

     

Stakeholders engagement 

     

Alignment with SDGs 

 

n.a. 

   

Certification 

     

Independent review 

     

Ex-ante 

     

Ex- post 

     

Activity level National and 

sub-national 

National and 

sub-national 

Projects and 

Programs 

National and 

sub-national 

National and 

sub-national 

Use of LCA 
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iii. Impact categories excluded and included  

Table 17. Impact categories included and excluded from the assessment. 

D
im

e
n

si
o

n
 

Impact category Indicator 

R
e

le
v

a
n

c
e

 

S
ig

n
if
ic

a
n

t 

In
c

lu
d

e
d

 

Q
u

a
n

ti
ta

ti
v

e
 

Reason 

E
n

v
ir
o

n
m

e
n

ta
l 

Climate Change 

mitigation 

GHG emissions [CO2 

eq.] 
Y Y Y Y 

The replacement of kerosene with a clean 

source of electricity is expected to impact this 

category positively. 

Air pollution 

(Indoor and 

Outdoor) 

PM 

[DALY] 
Y Y Y Y 

Air pollution, especially indoor air pollution is a 

high concern category when it comes to the 

use of kerosene. 

Human Toxicity 

(Air, water and 

soil) 

Human 

carcinogenic and 

non-carcinogenic 

toxicity 

[DALY] 

N Y Y Y  

The use of hazardous chemical in the 

production of the PV modules and batteries 

could affect this category. 

Depletion of 

non-renewable 

resources 

Mineral resource 

depletion 

[kg Cu eq] 

Fossil resource 

depletion 

[kg oil eq] 

N Y Y Y 

Shifting from kerosene to PV technologies, might 

entail some trade-offs between the use of fossil 

resources and mineral resources. 

Other LCA 

categories* 
 N N N Y 

The impact on these categories is expected not 

to be significant as confirmed by the LCA. 

Moreover, they were not found to be relevant. 

Waste 

generation and 

disposal 

Local generation of 

waste 
N Y Y N 

The shift in the type of technologies used for 

electricity purposes will results in change in 

consumer behaviours and therefore in change 

in the type and quantity of waste, not to 

mention the production of e-waste from the PV. 

S
o

c
ia

l 

Accessibility and 

quality of health 

care 

n.a. Y Y Y N 

Considered both relevant and significant from 

the stakeholders’ interviews, since electricity 

can power health centres. 

Food security n.a. Y Y Y N 

Considered both relevant and significant from 

the stakeholders’ interviews, due to the link 

between electricity and agriculture. 

Access to safe 

drinking water 
n.a. Y N Y N 

Considered both relevant and significant from 

the stakeholders’ interviews, due to the 

possibility of pumping water. 

Access to clean, 

reliable and 

affordable 

energy 

n.a. Y Y Y N 
Relevant and significant. It is the main goal of 

the policy. 
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Accessibility and 

quality of 

education 

n.a. Y Y Y N 

Considered both relevant and significant from 

the stakeholders’ interviews, since electricity 

can power schools and prevent the use of 

kerosene at home. 

Gender equality 

and 

empowerment 

of women 

n.a. Y Y Y N 

Considered relevant because of attention to 

women in SDGs agenda of Kenya, also 

considering the introduction of the Bill of Human 

Rights in the Constitution. 

Migration n.a. N N N  
Not relevant, significance really unclear due to 

lack of relevant studies. 

E
c

o
n

o
m

ic
 

Economic 

activity at 

community level 

n.a. Y Y Y N 

This impact is found to be very relevant for 

stakeholders and will be likely affected by the 

policy due to the link between power and 

productivity. 

Employment n.a. Y Y Y N 

Employment was found to be relevant for 

stakeholders and it is highly linked with 

economic activity. 

Household 

expenses for 

electricity 

Monthly expenses 

for electricity 

services 

Y Y Y Y 

This impact is found to be relevant for 

stakeholders, and will most likely be affected by 

the policy due to the drastic change from the 

baseline scenario. 

Income n.a. Y Y Y N 

Income was found to be relevant for 

stakeholders and it is highly linked with 

economic activity. 

Economic 

growth 
n.a. Y Y Y N 

Although it was found relevant by stakeholders, 

it was not included in the assessment because it 

overlaps with “economic activity”. The latter 

was preferred since it is a local impact. 

Economic 

inequalities 
n.a. Y Y Y N 

Although it was found relevant by stakeholders, 

it was not included in the assessment because it 

overlaps with “income”. The latter was preferred 

since it is the root-cause. 

 

iv. Composition and data of villages used to size the system 

Table 18. Composition of the five villages surveyed by Carbon Africa et al. (2015). 

Site Households Businesses Institutions Anchor costumers tot 

 n. n. n. n. n. 

Takawiri 300 23 4 2 329 

Korr 800 60 17 6 883 

Kadaina 42 13 8 0 63 

Dujis 600 44 8 0 652 

Lorugum 914 42 11 1 968 

All sites 2656 182 48 9 2895 
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Table 19. Consumption patterns assumed by Carbon Africa Limited et al. (2015) in the villages. 

Site Household 

costumers 

Business costumers Institution 

costumers 

Anchor 

costumers 

Total 

n. kWh/yr/user 

(avg) 

n. kWh/yr/user 

(avg) 

n. kWh/yr/user 

(avg) 

n. kWh/yr/user 

(avg) 

n. kWh/yr 

 

Takawiri 300 345 23 1576 4 2486 2 24846 329 199,395 

Korr 800 345 60 1323 17 2901 6 6969 883 446,536 

Kadaina 42 345 13 1837 8 1082 0 0 63 47,029 

Dujis 600 345 44 1292 8 2806 0 0 652 286,324 

Lorugum 914 345 42 1279 11 3150 1 10512 968 414,221 

All sites 2656 345 182 1374 48 2604 9 11335 2895 1,393,505 

 

Table 20. Sizing of the mini-grids calculated by Carbon Africa Limited et al. (2015) in the villages. 

 
Site Lifetime 

(years) 

n. over 

lifetime of 

mini-grid Takawiri Korr Kadaina Dujis Lorugum Total 

PV (kWp) 180 350 40 220 300 1090 25 1 

Battery (kWh) 965 2680 322 1340 2680 7987 7 3.5 

Diesel genset (kW) 110 250 30 160 250 800 n.a. n.a. 

% of demand covered by RE 89 92 98 90 91 91   

 

v. Calculations to find diesel consumption in baseline 

Assuming 5% of business and 12% of institutions are using diesel generators with an average 

daily fuel consumption of 4.17 L/user/day; considering from Ecoinvent that for 1MJ of power 

from diesel generator we need 0.0666 kg of diesel, and using a density of 0.832 kg/L for diesel, 

we calculate that for 1 kWh of power we need (0.0666/0.832)*3.6 =0.288 L of diesel. Therefore, 

1L of diesel provides 3.47 kWh. Considering a daily consumption per user of 4.17 L we derive 

an average daily energy consumption per user of 14.5 kWh. 

vi. Calculations to size the mini-grid 

(tot. PV cap. from 5 villages) : (2656 total hous. from 5 villages) = (tot. PV cap.) : (tot. hous.) 

1090 : 2656 = tot PV cap. : 1457752  

Total PV capacity = 598249 kWp 

(tot. battery cap. From 5 villages.) : (tot. PV cap. from 5 villages)= (tot. battery cap.) : (tot. PV cap.) 

7987 : 1090 = tot battery cap. : 598249 

Tot battery capacity = 4383684 kWh 

Assuming a battery density of 0.175 kWh/kg (Bilich et al., 2017)  

Weight of Li-ion battery = (4383684/0.175)*25 (lifetime of mini-grid)/7(battery lifetime) = 87673684 kg 

The solar fraction provides 91% of the power. Diesel provides around 9%. 
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vii. Emission factors (EF) for Kerosene 

Table 21. Emission factors (EF) found in the literature (*not PM2.5 but PM with size <10um). 

Study PM 2.5 CO2 CO 

(Lam et al., 2012) 93 g/kg fuel 2770 g/kg fuel 11 g/kg fuel 

(Fan and Zhang, 2001) 3.27-9 g/kg fuel* 945 g/kg fuel 0.52 g/kg fuel 

(U.S. Energy Information Administration (EIA), 

2016) 

- 3190 g/kg - 

(Espinosa et al., 2011) - 2.46-6.15 kg/L fuel 

(3030-7592 g/kg fuel) 

- 

(Economic Consulting Associates et al., 2014) - 2.54 kg/L fuel 

(3130 g/kg fuel) 

- 

 

In Table 21, the EFs in bold are used as a baseline, while the ones underlined are used for the 

sensitivity analysis. Please note that, even though the factor for PM found by Fan and Zhang 

(2001) does not specifically assess PM2.5 but PM in general, it was assumed to be completely 

PM2.5. This was done because a general PM would not result in any impacts in the LCA 

modelling. However, a scenario with zero impact would not be realistic, because of the well 

documented impacts of kerosene on human health (WHO, 2018). 

viii. Calculation of electricity not used by the mini-grid 

Output (kWh) = A * r * H * PR 

A = Total solar panel Area (m2) 

r = solar panel efficiency (%).  

H = Annual average solar radiation. For Kenya a value of 2200 is found from the literature (Barman, 2011) 

PR = Performance ratio (losses). Assumed at 0.8. 

Output = 598249*2200*0.8 = 1,052,918,240 kWh (100%) 

Electricity consumed = Average consumption (also accounting for businesses) * n. households 

= 524*1457752 = 763,862,048 kWh (72.5%) 

Difference = 289,056,192 kWh (27.5%) 

For sensitivity analysis this was assumed to substitute 289,056,192 kWh of electricity, low voltage 

{KE}| market for electricity, low voltage [2018]| Conseq, U. 

 

 

 

ix. Qualitative impact results – extended 
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Table 22. Extended version of qualitative impact assessment results. 

Impact 

category 

Specific impact Likelihood Magnitude Sources Quantitative 

data 

Waste 

generation 

Increased generation of e-

waste from PV 

Possible Major (Magalini et al., 

2016) 

No 

Reduced generation of 

waste from kerosene lamps, 

portable batteries and 

candles 

Likely Moderate  Expert judgement No 

Increased generation of 

residential waste level due to 

increase consumption 

Likely Minor (UNEP, 2008) 

(World Bank, 2012) 

No 

Access to 

clean, reliable 

and 

affordable 

energy 

Access to clean, reliable 

and affordable electricity 

Very likely Moderate (Carbon Africa 

limited et al., 2015) 

Expert judgement 

 

Depends on 

tariffs. Potentially 

100% if all 

households are 

connected. 

Access to clean sources of 

cooking 

Possible Minor (SE4All, 2013) 

(World Bank, 2008) 

(International 

Energy Agency, 

2017) 

15-20% of 

connected 

households. 

Accessibility 

and quality of 

education 

Increased number of hours 

that children can study at 

home 

Likely Moderate 

 

(Harrison et al. 

2016) 

(World Bank, 2008) 

From 1.7h to 3.1h 

(increase of 82%) 

Increase of 77 

min (increase of 

75%) 

Increased quality of 

teaching in schools 

Likely Moderate (Kirubi et al. 2009) 

(Willcox et al. 2015) 

No 

Increased number of hours 

that children can study at 

school 

Likely Moderate (Kirubi et al., 2009) 

(UNDESA (2014) 

 

2-3 h 

Increase years of schooling Likely Moderate (World Bank, 2008) 1.5 years 

Food security Improved food availability 

from improved agricultural 

productivity 

Possible Major  (Ghosh Banerjee et 

al. 2017) 

(World Bank, 

ESMAP and 

Climate Investment 

Funds, 2017) 

(Kirubi et al. 2009) 

Expert judgment 

No 

Improved food availability 

from increased knowledge 

and information from 

telecommunication systems 

Likely Minor Stakeholders 

consultation 

No 

Improved food security from 

improved food storage due 

to refrigerators 

Likely Moderate (Willcox et al., 2015) 

Expert judgement 

No 

Access to 

water 

Improved access to water 

for drinking and productive 

uses due to instalment of 

solar pumps 

Possible Moderate Expert judgment 

(Ringler and 

Lawford, 2013) 

(Ondraczek, 2013) 

(ECA, Trama and 

Carbon Africa, 

2016) 

(World Bank, 2008) 

From 0.58 to 0.86 

source of water 

index. 

Accessibility 

and quality of 

health care 

Improved access to 

healthcare due to longer 

opening hours of health 

centres 

Likely Moderate World Bank (2008) 

Willcox et al. (2015) 

1 hour longer (9% 

increase) 

11 h to 15.1h 

(37% increase) 

Improved access to 

healthcare due to possibility 

of storing vaccines 

Likely Moderate World Bank (2008) No 

Gender 

equality and 

empowerment 

of women 

Mobility at dark hours Likely Moderate (World Bank) No 

Knowledge on health and 

family planning 

Possible Moderate (World Bank, 2008) 

 

No 
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Impact 

category 

Specific impact Likelihood Magnitude Sources Quantitative 

data 

Economic 

activity 

(community) 

increasing productivity of 

existing industry due 

electronic equipment 

Very likely Major (CDC Group, 2016) 

(Willcox et al., 2015) 

(Kirubi et al., 2009) 

+100-200% 

Increased productivity of 

existing industry due longer 

working hours 

Very likely Moderate 

creation of new economic 

activities  

Likely Moderate (Willcox et al., 2015) +30% 

Employment More jobs due to increasing 

productivity of local 

industry 

Likely Moderate (Willcox et al., 2015), 

(World Bank, ESMAP 

and Climate 

Investment Funds, 

2017) 

20% increase in 

employment 

120 new jobs in 

one project 

More jobs in the solar 

industry 

Possible Moderate CDC Group’s report 

(2016) 

Expert judgment 

 

Less jobs from kerosene, 

candles and batteries 

sectors 

Possible Moderate Expert judgment  

Income Increase in income from in-

household business 

activities 

Likely Moderate (Willcox et al. 2015) 

(Blodgett et al., 

2016) 

(Kirubi et al., 2009) 

20-140% 

Increase in income from 

employment 

Likely Moderate 

 

x. Grouping of impact categories into SDGs 

Table 23. Linkage between impact categories and SDGs. 

Impact 

category 

Indicator/specific impact 

(SDG code) “;” is used if more 

than one code is assigned,  

SDG SDG target 

Climate 

Change 

mitigation 

- GHG emissions (IND.1 ; CLI.1) 

 

9.4 By 2030, upgrade infrastructure and retrofit 

industries to make them sustainable, with increased 

resource-use efficiency and greater adoption of 

clean and environmentally sound technologies and 

industrial processes, with all countries taking action 

in accordance with their respective capabilities 

13. Although not to any target 

Air pollution - PM (CIT.2 ; HEA.3) 

 

 

3.9 By 2030, substantially reduce the number of 

deaths and illnesses from hazardous chemicals and 

air, water and soil pollution and contamination 

11.6 By 2030, reduce the adverse per capita 

environmental impact of cities, including by paying 

special attention to air quality and municipal and 

other waste management 

Human 

Toxicity (Air, 

water and soil) 

- Human toxicity (HEA.4) 

 

3.9 By 2030, substantially reduce the number of 

deaths and illnesses from hazardous chemicals and 

air, water and soil pollution and contamination 

 



Mirko Dal Maso                                                                                                               Master’s Thesis 

 

 

Page | 70  

 

Depletion of 

non-

renewable 

resources 

- Mineral resource depletion 

(C&P.4) 

- Fossil resource depletion 

(C&P.5) 

 

12.2 By 2030, achieve the sustainable management 

and efficient use of natural resources 

Waste 

generation 

and disposal 

- Increased generation of e-

waste from PV (C&P.1) 

- Reduced generation of waste 

from kerosene lamps, portable 

batteries and candles (C&P.2) 

- Increased generation of 

residential waste level due to 

increase consumption (C&P.3) 

 

12.4 By 2020, achieve the environmentally sound 

management of chemicals and all wastes 

throughout their life cycle, in accordance with 

agreed international frameworks, and significantly 

reduce their release to air, water and soil in order to 

minimize their adverse impacts on human health 

and the environment 

12.5 By 2030, substantially reduce waste generation 

through prevention, reduction, recycling and reuse 

Accessibility 

and quality of 

health care 

- Improved access to 

healthcare due to longer 

opening hours of health centres 

(HEA.1) 

- Improved access to 

healthcare due to possibility of 

storing medicines such as 

vaccines (HEA.2) 

 

3.8 Achieve universal health coverage, including 

financial risk protection, access to quality essential 

health-care services and access to safe, effective, 

quality and affordable essential medicines and 

vaccines for all 

 

Food security - Improved food availability 

from improved agricultural 

productivity (FOD.1) 

- Improved food availability 

from increased knowledge and 

information from 

telecommunication systems 

(FOD.2) 

- Improved food security from 

improved food storage due to 

refrigerators (FOD.3) 

 

2.3 By 2030, double the agricultural productivity and 

incomes of small-scale food producers, in particular 

women, indigenous peoples, family farmers, 

pastoralists and fishers, including through secure and 

equal access to land, other productive resources 

and inputs, knowledge, financial services, markets 

and opportunities for value addition and non-farm 

employment 

 

Contributes to many others in goal 2. 

Access to safe 

drinking water 

Improved access to water for 

drinking and productive uses 

due to instalment of solar 

pumps (WAT.1) 

 

6.1 By 2030, achieve universal and equitable access 

to safe and affordable drinking water for all 

Access to 

clean, reliable 

and 

affordable 

energy 

-Access to clean, reliable and 

affordable electricity (ENE.1) 

-Access to clean sources of 

cooking (ENE.2) 

 

7.1 By 2030, ensure universal access to affordable, 

reliable and modern energy services 

7.2 By 2030, increase substantially the share of 

renewable energy in the global energy mix 

7.b By 2030, expand infrastructure and upgrade 

technology for supplying modern and sustainable 

energy services for all in developing countries, in 

particular least developed countries, small island 

developing States and landlocked developing 

countries, in accordance with their respective 

programmes of support 
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Accessibility 

and quality of 

education 

-Increased number of hours 

that children can study at 

home(EDU1) 

-Increased quality of teaching 

in schools (EDU.2) 

-Increased number of hours 

that children can study at 

school (EDU.3) 

-Increase years of schooling 

(EDU.4) 

 

4.c By 2030, substantially increase the supply of 

qualified teachers, including through international 

cooperation for teacher training in developing 

countries, especially least developed countries and 

small island developing States 

 

- contributes to many in goal 4 

Gender 

equality and 

empowerment 

of women 

-Mobility at dark hours (WOM.1 ; 

CIT.1) 

-Knowledge on health and 

family planning (WOM.2) 

 

11.7 By 2030, provide universal access to safe, 

inclusive and accessible, green and public spaces, 

in particular for women and children, older persons 

and persons with disabilities 

5.6 Ensure universal access to sexual and 

reproductive health and reproductive rights as 

agreed in accordance with the Programme of 

Action of the International Conference on 

Population and Development and the Beijing 

Platform for Action and the outcome documents of 

their review conferences 

Economic 

activity at 

community 

level 

-increasing productivity of 

existing industry due electronic 

equipment (ECN.1) 

-Increased productivity of 

existing industry due longer 

working hours (ECN.2) 

-creation of new economic 

activities due to new market 

opportunities (ECN.3) 

 

8.2 Achieve higher levels of economic productivity 

through diversification, technological upgrading 

and innovation, including through a focus on high-

value added and labour-intensive sectors 

8.3 Promote development-oriented policies that 

support productive activities, decent job creation, 

entrepreneurship, creativity and innovation, and 

encourage the formalization and growth of micro-, 

small- and medium-sized enterprises, including 

through access to financial services 

Jobs -More jobs due to increasing 

productivity of local industry 

due to electricity access 

(ECN.4) 

-More jobs in the solar industry 

(ECN.5) 

-Less jobs from kerosene, 

candles and batteries sectors 

(ECN.6) 

 

8.5 By 2030, achieve full and productive 

employment and decent work for all women and 

men, including for young people and persons with 

disabilities, and equal pay for work of equal value 

 

Expenses for 

electricity 

 No No 

Income -Increase in income from in-

household business activities 

(INE.1) 

-Increase in income from 

employment (INE.2) 

 

10.1 By 2030, progressively achieve and sustain 

income growth of the bottom 40 per cent of the 

population at a rate higher than the national 

average 
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xi. Cobalt in Li-ion batteries 

The graphs below show the LCA of the Li-ion battery, to explain how the recycling of cobalt 

affects the results. The picture on the right shows the material flow for Cobalt. As the picture 

shows, there is no cobalt entering the process, but only going out, as a positive impact 

(crediting), due to the recycling of the “Used Li-ion battery”. The graph on the right shows the 

modelling for the impact category “Mineral resource depletion”, which reveals that, a small 

impact (red arrow) is entering, as in input, the Li-ion battery, while a very big impact is going 

out from the same box, due to the crediting of cobalt from the used Li-ion battery. 

  

Figure 22. Graphs extracted from Simapro, showing the modelling of a Li-ion battery. 
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Appendix 2: Stakeholders’ 

consultations 
Stakeholders interviews 

The interviews were kept relatively short (around 20-30 minutes on average) and the format 

followed was a semi-structured one, divided in the following points: 

1) The interviewer gives a short introduction on ICAT and the assessment. 

2) The interviewed person introduces herself, her position and her knowledge on mini-

grids. 

3) The interviewed is asked to point out which impact categories she would monitor to 

perform the assessment, based on what she finds more important. The interviewed 

would typically report impacts that she believes are affected by electrification/mini-

grids and that she finds relevant. 

4) The interviewer shows to the interviewed the impact categories currently included in 

the assessment (please note that at the time of the interviews the categories differed 

from the ones presented in this report). The interviewed is asked to score each of these 

categories by its relevance (low-medium-high). 

5) Optionally, the interviewed is asked to pick up one to three categories that she or the 

interviewer finds interesting and identify specific impacts within those categories 

through, for example, causal chains. 

6) The interviewer shares the partial results of the study and the findings are discussed by 

both parties. 

The results of the ten interviews conducted are reported below, anonymously. 

Interview 1 

Relevant impacts (general) 

Agriculture, activities in the community, climate implications, maintenance (especially for public 

mini-grids) due to the lack of structures and skills, battery treatment, education (in the long run), 

health due to indoor pollution. 

Relevant impact categories (from the list) 

High: Economic growth, access to mobile, economic activity, economic inequalities 

Medium-high: employment, expenses for electricity 

Medium: education, GHG emissions, air quality, share of electricity from renewables, food, indoor 

pollution, healthcare 

Low: Soil pollution, water use, land use, fossil and mineral resource depletion, water quality 

Other points discussed 
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Education might not be so realistic and important as an impact. If the family wanted to invest in 

that, they would have done so already. In the Talek project (Kenya) business were founded and 

people moved to town after the arrival of electricity. Batteries might not be recycled and stored 

somewhere temporarily, because the collection system is not reliable. 

 

Interview 2 

Relevant impacts (general) 

Livelihoods, agriculture, cell phones, indoor pollution, schools-education, job creation on PV, 

education at home, economic improvements at country level, emissions of GHG for NDC. 

Relevant impact categories (from the list) 

High: education, economic growth, water use, fossil and mineral resource depletion, share of 

electricity from renewables, poverty, employment, economic inequalities, indoor pollution, 

access to electricity, expenses for electricity, healthcare. 

Medium:  GHG emission, land use, air quality, water quality. 

Low: internet access. 

 

Interview 3 

Relevant impacts (general) 

SDG 1 (no poverty), SDG 3 (good health and well-being), SDG 8 (decent work and economic 

growth), SDG 13 (climate action). 

Relevant impact categories (from the list) 

High: Economic growth, GHG emissions, water use, air quality, share of electricity from 

renewables, water quality, indoor pollution, access to electricity, expenses for electricity. 

Medium: education, fossil and mineral resource depletion, economic inequalities, healthcare. 

Low-medium: employment. 

Low: internet access, eutrophication, land use, poverty. 

 

Interview 4 

Relevant impacts (general) 

Poverty, food, water access, healthcare, business activities.  

Relevant impact categories (from the list) 

High: Education, economic growth, GHG emissions, fossil and mineral resource depletion, share 

of electricity from renewables, water quality, access to electricity, expenses for electricity, 

healthcare. 

Medium: water use, land use, air quality, poverty, employment, indoor pollution. 

Low: internet access. 

Other points discussed 

Healthcare will be affected, because of the possibility of storing medicines, closer health centres 

and less hospitals running from diesel generators. 
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Interview 5 

Relevant impacts (general) 

Cost of electricity, generation of incomes, education, GHG emissions from kerosene, health 

issues linked with kerosene, access to healthcare, employment creation. 

Interview 6 

Relevant impacts (general) 

Economic development, education, health, agriculture, water. 

Relevant impact categories (from the list) 

High: education, economic growth, employment, healthcare. 

Medium: water use, air quality, indoor pollution 

Other points discussed 

GHG emissions has been defined as “too academic”. 

 

Interview 7 

Relevant impacts (general) 

Agriculture/food, healthcare access, indoor pollution, air quality, cost of connection and of 

delivered power. 

Other points discussed 

Our assessment should align with what is already there, rather than building something 

completely different. Nobody will consider the results of the assessment if it is not commissioned 

by the GoK. The country needs practical solutions that align with their needs and objectives.  

 

Interview 8 

Relevant impacts (general) 

Resources, limited cost, electricity cost for end user (cost of service), lifetime of the mini-grids vs 

national grid, maintenance costs, subsidies, indoor air quality, education 

Relevant impact categories (from the list) 

High: education, economic growth, poverty, economic inequalities, access to electricity. 

Medium-high: GHG emissions, internet access, air quality, share of electricity from renewables, 

employment, indoor pollution, healthcare. 

Low: fossil and mineral resource depletion. 

Other points discussed 

Improved health ultimately has an impact on economy of the family, since less people dye, and 

this improves resilience. LCA does not show local impacts, but this should be highlighted. 

Economic impacts can derive from access to mobile and mobile payment systems.  

 

Interview 9 

Relevant impacts (general) 

Reading, education, economic productivity, phone charging, engagement in the community, 

water pumping (if the system can pump), use of white goods and electric equipment.  

Relevant impact categories (from the list) 
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High: education, water use, land use, employment, water quality, access to electricity, expenses 

for electricity, healthcare. 

Medium: economic growth, GHG emission, internet access, share of electricity from renewables, 

poverty, economic inequalities, indoor pollution. 

Low: eutrophication, air quality, fossil and mineral resource depletion.  

Other points discussed 

Access to healthcare can be improved even by simple access to light 24h per day. 

 

Interview 10 

Relevant impacts (general) 

Improving livelihoods (from personal perspective), cost of delivered powered or cost of services 

(from business perspective), GHG emission (for donors). 

Relevant impact categories (from the list) 

High: economic growth, internet access, water use, land use, employment, expenses for 

electricity. 

Medium: education, GHG emissions, poverty, water quality, economic inequalities, indoor 

pollution, healthcare. 

Low: eutrophication, air quality, fossil and mineral resource depletion. 

Other points discussed 

National grid is normally less reliable than most of the mini-grids. 
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Appendix 3: LCI 
The following set of tables present how the systems were modelled on Simapro. For simplicity, 

the level of details is kept at the level on which changes were made. Please note that some 

numbers are rounded. 

Policy scenario Value Unit Calculations 

1 kWh from PV (diesel backup) 7.64E+08 kWh Total el. Cons (house + productive users) =  

overall average el. Cons.* number of households = 

524 kWh*1457752 households 

THIS ALSO ACCOUNTS FOR THE 27.5% OF UNUSED POWER. 

 

Baseline scenario Value Unit Calculations 

No electricity sized for 2656 household community 549 p Size of target group 

1457752 total houses/2656 in sample village 

 

1 kWh from PV (diesel backup) Value Unit Calculations 

Inputs 

Solar from hybrid 4.77E-11 p = share%/(yearly consumption*lifetime) 

0.9106/(1457752*524*25) 

Diesel, burned in diesel-electric generating set, 

18.5kW {GLO}| market for | Conseq, U 

0.0893 kWh = share% 

 

No electricity sized for 2656 household community Value Unit Calculations 

Inputs  

Kerosene with use {RoW}| market for | Conseq, U 188649 kg Amount*density*months*costumers 

= 6.75*0.81*12*(2656+239-19) 

Battery cell, Li-ion {GLO}| market for | Conseq, U 2226 kg weight*amount*months*costumers 

= 0.015*4.3*12*(2656+239-19) 

Diesel, burned in diesel-electric generating set, 18.5kW 

{GLO}| market for | Conseq, U 

1000352 kWh costumers * average daily demand 

in kWh * one year = 

19*(1/(3.6*0.0666/0.832))*4.17*365 

 

Solar from hybrid Value Unit Calculations 

Inputs 

Photovoltaic flat-roof installation, 3kWp, multi-Si, on roof 

{GLO}| market for | Conseq, U 

199416 p Capacity/3kWp = 

598249/3 

Battery, Li-ion, rechargeable, prismatic {GLO}| market for | 

Conseq, U 

87673684 kg  

Tap water {RoW}| market for | Conseq, U 86800000 kg  

Transport, freight, sea, transoceanic ship {GLO}| market for | 

Conseq, U 

4.59E+11 kgkm 2 times transportation of 

batteries from Europe 

2*11372*2.02E7    
 

Emissions to air 

Water/m3 13000 m3  

Waste to treatment 

Wastewater, from residence {RoW}| market for wastewater, 

from residence | Conseq, U 

86800 m3  
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Kerosene with use {RoW}| market for | Conseq, U Value Unit Calculations 

Inputs 
  

 

Kerosene {RoW}| market for | Conseq, U 1 kg  

Kerosene use 1 kg See tables in Appendix 1 with EFs 

 

Kenya electricity mix high voltage 2018 (SE4All and MoEP, 2016)(USAID, 2015) 

Please note that Low voltage was used in the LCA, which ultimately takes the electricity 

from the high voltage. This table only shows the high voltage mix. 

Value Unit 

Transmission network, electricity, high voltage {GLO}| market for | Conseq, U 6.58E-09 km 

Transmission network, long-distance {GLO}| market for | Conseq, U 3.17E-10 km 

Electricity, high voltage {RoW}| electricity production, hydro, run-of-river | Conseq, U 0.3558 kWh 

Electricity, high voltage {RoW}| heat and power co-generation, diesel, 200kW electrical, 

SCR-NOx reduction | APOS, U 

0.3367 kWh 

Electricity, high voltage {RoW}| electricity production, deep geothermal | Conseq, U 0.2592 kWh 

Electricity, medium voltage {RoW}| natural gas, burned in gas turbine, for compressor 

station | Conseq, U 

0.026 kWh 

Electricity, high voltage {RoW}| electricity production, wind, >3MW turbine, onshore | 

Conseq, U 

0.0111 kWh 

Electricity, low voltage {TZ}| electricity production, photovoltaic, 3kWp slanted-roof 

installation, single-Si, panel, mounted | Conseq, U 

0 kWh 

Electricity, high voltage {GLO}| treatment of bagasse, from sugarcane, in heat and power 

co-generation unit, 6400kW thermal | APOS, U 

0.0113 kWh 

 

Kenya electricity mix high voltage 2020 (USAID, 2015) 

Please note that Low voltage was used in the LCA, which ultimately takes the electricity 

from the high voltage. This table only shows the high voltage mix. 

Value Unit 

Transmission network, electricity, high voltage {GLO}| market for | Conseq, U 6.58E-09 km 

Transmission network, long-distance {GLO}| market for | Conseq, U 3.17E-10 km 

Electricity, high voltage {RoW}| electricity production, hydro, run-of-river | Conseq, U 0.1827 kWh 

Electricity, high voltage {RoW}| heat and power co-generation, diesel, 200kW electrical, 

SCR-NOx reduction | APOS, U 

0.149 kWh 

Electricity, high voltage {RoW}| electricity production, deep geothermal | Conseq, U 0.3937 kWh 

Electricity, medium voltage {RoW}| natural gas, burned in gas turbine, for compressor 

station | Conseq, U 

0.0119 kWh 

Electricity, high voltage {RoW}| electricity production, wind, >3MW turbine, onshore | 

Conseq, U 

0.156 kWh 

Electricity, low voltage {TZ}| electricity production, photovoltaic, 3kWp slanted-roof 

installation, single-Si, panel, mounted | Conseq, U 

0.0853 kWh 

Electricity, high voltage {GLO}| treatment of bagasse, from sugarcane, in heat and power 

co-generation unit, 6400kW thermal | APOS, U 

0.0214 kWh 
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Appendix 4: LCIA 
Table 24. Characterised midpoint results, for baseline, policy and net impact for all LCA categories. 

Impact category Unit Baseline Scenario Policy scenario Net impact 

Global warming kg CO2 eq 4.67E+08 1.42E+08 -3.25E+08 

Stratospheric ozone depletion kg CFC11 

eq 

1.55E+02 8.56E+01 -6.95E+01 

Ionizing radiation kBq Co-60 

eq 

-1.96E+06 1.96E+06 3.92E+06 

Ozone formation, Human health kg NOx eq 1.14E+06 1.16E+06 1.89E+04 

Fine particulate matter formation kg PM2.5 

eq 

1.03E+07 4.18E+05 -9.93E+06 

Ozone formation, Terrestrial 

ecosystems 

kg NOx eq 1.16E+06 1.18E+06 1.53E+04 

Terrestrial acidification kg SO2 eq 1.18E+06 5.26E+05 -6.51E+05 

Freshwater eutrophication kg P eq 1.34E+05 1.58E+05 2.41E+04 

Marine eutrophication kg N eq 8.25E+03 1.02E+04 1.96E+03 

Terrestrial ecotoxicity kg 1,4-DCB 1.01E+09 3.45E+09 2.44E+09 

Freshwater ecotoxicity kg 1,4-DCB 1.02E+07 3.29E+07 2.27E+07 

Marine ecotoxicity kg 1,4-DCB 1.46E+07 4.66E+07 3.20E+07 

Human carcinogenic toxicity kg 1,4-DCB 7.48E+06 1.11E+07 3.63E+06 

Human non-carcinogenic toxicity kg 1,4-DCB 3.51E+08 8.08E+08 4.57E+08 

Land use m2a crop 

eq 

1.70E+07 4.49E+06 -1.25E+07 

Mineral resource scarcity kg Cu eq 5.21E+05 -6.15E+06 -6.67E+06 

Fossil resource scarcity kg oil eq 1.56E+08 4.29E+07 -1.13E+08 

Water consumption m3 2.27E+06 2.15E+06 -1.13E+05 
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Table 25. Characterised endpoint results, for baseline, policy and net impact for all LCA categories. 

Impact category Unit Baseline 

Scenario 

Policy 

scenario 

Net 

impact 

Normalized net 

impact (see 

Appendix 1) 

Global warming, Human health DALY 4.33E+02 1.32E+02 -3.01E+02 -2.21E+04 

Global warming, Terrestrial ecosystems species.yr 1.31E+00 3.99E-01 -9.09E-01 -9.91E+02 

Global warming, Freshwater ecosystems species.yr 3.57E-05 1.09E-05 -2.48E-05 -2.71E-02 

Stratospheric ozone depletion DALY 8.22E-02 4.54E-02 -3.68E-02 -2.70E+00 

Ionizing radiation DALY -1.66E-02 1.66E-02 3.32E-02 2.43E+00 

Ozone formation, Human health DALY 1.04E+00 1.05E+00 1.72E-02 1.26E+00 

Fine particulate matter formation DALY 6.51E+03 2.63E+02 -6.25E+03 -4.58E+05 

Ozone formation, Terrestrial ecosystems species.yr 1.50E-01 1.52E-01 1.97E-03 2.15E+00 

Terrestrial acidification species.yr 2.50E-01 1.12E-01 -1.38E-01 -1.51E+02 

Freshwater eutrophication species.yr 8.99E-02 1.06E-01 1.61E-02 1.76E+01 

Marine eutrophication species.yr 1.40E-05 1.74E-05 3.34E-06 3.64E-03 

Terrestrial ecotoxicity species.yr 1.15E-02 3.94E-02 2.79E-02 3.04E+01 

Freshwater ecotoxicity species.yr 7.05E-03 2.28E-02 1.57E-02 1.71E+01 

Marine ecotoxicity species.yr 1.54E-03 4.90E-03 3.36E-03 3.67E+00 

Human carcinogenic toxicity DALY 2.48E+01 3.69E+01 1.20E+01 8.82E+02 

Human non-carcinogenic toxicity DALY 8.01E+01 1.84E+02 1.04E+02 7.64E+03 

Human toxicity (TOTAL) DALY 1.05E+02 2.21E+02 1.16E+02 8.52E+03 

Land use species.yr 1.51E-01 3.98E-02 -1.11E-01 -1.22E+02 

Mineral resource scarcity USD2013 1.20E+05 -1.42E+06 -1.54E+06 -6.30E+03 

Fossil resource scarcity USD2013 6.57E+07 1.45E+07 -5.12E+07 -2.11E+05 

Water consumption, Human health DALY 5.03E+00 4.78E+00 -2.50E-01 -2.05E+01 

Water consumption, Terrestrial 

ecosystem 

species.yr 3.06E-02 2.91E-02 -1.52E-03 -1.85E+00 

Water consumption, Aquatic ecosystems species.yr 1.37E-06 1.30E-06 -6.81E-08 -8.29E-05 

 

Table 26. Main contributors for the policy scenario. Calculated with 5% cut-off. 

 
Li-ion 

battery 

Inverter 

for PV 

PV 

mounting 

system 

PV 

panel 

PV 

electronic 

installation 

Diesel Burning 

of 

diesel 

Others 

Global warming 12% 
 

5% 31%  8% 39% 4% 

Mineral resources 116%   -8%    -8% 

Fossil resources 12%   28%  50%  10% 

Particulate Matter 24% -23%  23%  15% 54% 7% 

Human Toxicity 66% 18%   11%   5% 

 

Table 27. Main contributors for the baseline scenario. Calculated with 5% cut-off. 

 
Use of 

kerosene 

Burning of 

diesel 

Diesel Diesel 

genset 

Kerosene 

production 

Batteries Others 

Global warming 70% 12%   15% 
 

-2% 

Mineral resources     28% 66% -6% 

Fossil resources   13% 
 

86% 
 

-2% 

Particulate Matter 93%      7% 

Human Toxicity 
 

5%   19% 76% 0% 



Mirko Dal Maso                                                                                                               Master’s Thesis 

 

 

Page | 81  

 

 

Table 28. Main contributors for the national grid 2020. Calculated with 5% cut-off. 

 
Diesel 

plants 

Geothermal Electricity 

network 

Biomass Solar Gas turbines Wind Other 

Global warming 62% 17% 1%   5% 
 

15% 

Mineral resources 5% 38% 16%  10% 
 

21% 10% 

Fossil resources 70% 14% 1%   7% 
 

9% 

Particulate Matter 38% 31% 9% 7% 2% 
 

6% 6% 

Human Toxicity 2% 12% 40% 
 

9% 
 

21% 16% 

 

Table 29. Main contributors for the national grid 2018. Calculated with 5% cut-off. 

 
Electricity 

network 

Diesel plants Geothermal Gas 

turbines 

Biomass Hydro Others 

Global warming 
 

82% 7% 7% 
  

5% 

Mineral resources 31% 17% 38%  1% 7% 6% 

Fossil resources 
 

86% 
 

8% 
  

6% 

Particulate Matter 7% 67% 16% 
   

11% 

Human Toxicity 68% 12% 11% 
 

1% 
 

8% 

 

Table 30. Impacts for policy and baseline scenarios calculated for the sensitivity analysis. 

Impact category Unit 100% RE 

(policy 

scenario) 

Excess to 

NG 

(policy 

scenario) 

No cobalt 

recycled 

(policy 

scenario) 

kerosene 

factor 

(baseline 

scenario 

Nacl 

battery 

(policy 

scenario) 

Global warming kg CO2 eq 7.52E+07 4.91E+07 1.51E+08 2.35E+08 1.60E+08 

Fine particulate matter 

formation 

DALY 8.06E+01 2.11E+02 2.83E+02 6.64E+02 4.86E+02 

Mineral resource scarcity kg Cu eq -6.18E+06 -6.38E+06 1.26E+06 5.21E+05 5.08E+06 

Fossil resource scarcity kg oil eq 2.07E+07 1.35E+07 4.52E+07 1.56E+08 4.63E+07 

Human Toxicity DALY 2.12E+02 1.99E+02 2.28E+02 1.05E+02 1.46E+02 

 

Table 31. Net impacts of policy calculated for the sensitivity analysis. 

Impact category Unit Base case net 

impact 

100% RE 

 

Excess to 

NG 

 

No 

cobalt 

recycled 

kerosene 

factor 

Nacl 

battery 

Global warming kg CO2 eq -3.25E+08 -3.92E+08 -4.18E+08 -3.16E+08 -9.25E+07 -3.07E+08 

Fine particulate 

matter formation 

DALY -6.25E+03 -6.43E+03 -6.30E+03 -6.23E+03 -4.01E+02 -6.02E+03 

Mineral resource 

scarcity 

kg Cu eq -6.67E+06 -6.71E+06 -6.90E+06 7.40E+05 -6.67E+06 4.56E+06 

Fossil resource 

scarcity 

kg oil eq -1.13E+08 -1.35E+08 -1.42E+08 -1.11E+08 -1.13E+08 -1.10E+08 

Human Toxicity DALY 1.16E+02 1.08E+02 1.99E+02 2.28E+02 1.05E+02 1.46E+02 
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Table 32. Characterised midpoint results for comparison of 1kWh between National grid and mini-grid. 

Impact category Unit 1 kWh low 

voltage National 

grid 2018 

1 kWh low 

voltage National 

grid 2020 

1 kWh from 

PV (diesel 

backup) 

Global warming kg CO2 eq 3.23E-01 1.91E-01 1.86E-01 

Stratospheric ozone depletion kg CFC11 eq 2.51E-07 1.43E-07 1.12E-07 

Ionizing radiation kBq Co-60 eq 4.97E-03 4.26E-03 2.56E-03 

Ozone formation, Human health kg NOx eq 4.96E-04 3.01E-04 1.51E-03 

Fine particulate matter formation kg PM2.5 eq 2.90E-04 2.22E-04 5.47E-04 

Ozone formation, Terrestrial ecosystems kg NOx eq 5.23E-04 3.17E-04 1.54E-03 

Terrestrial acidification kg SO2 eq 7.45E-04 4.26E-04 6.89E-04 

Freshwater eutrophication kg P eq 5.08E-05 7.11E-05 2.07E-04 

Marine eutrophication kg N eq 6.32E-06 1.02E-05 1.34E-05 

Terrestrial ecotoxicity kg 1,4-DCB 7.45E-01 1.09E+00 4.52E+00 

Freshwater ecotoxicity kg 1,4-DCB 3.19E-02 4.23E-02 4.31E-02 

Marine ecotoxicity kg 1,4-DCB 3.96E-02 5.27E-02 6.10E-02 

Human carcinogenic toxicity kg 1,4-DCB 8.06E-03 9.66E-03 1.45E-02 

Human non-carcinogenic toxicity kg 1,4-DCB 2.36E-01 3.24E-01 1.06E+00 

Land use m2a crop eq 6.96E-03 1.20E-02 5.88E-03 

Mineral resource scarcity kg Cu eq 8.40E-04 1.24E-03 -8.05E-03 

Fossil resource scarcity kg oil eq 1.02E-01 5.48E-02 5.62E-02 

Water consumption m3 1.73E-03 2.04E-03 2.82E-03 
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Table 33. Characterised endpoint results for comparison of 1kWh between National grid and mini-grid. 

Impact category Unit 1 kWh low 

voltage National 

grid 2018 

1 kWh low 

voltage National 

grid 2020 

1 kWh from 

PV (diesel 

backup) 

Global warming, Human health DALY 3.00E-07 1.77E-07 1.73E-07 

Global warming, Terrestrial ecosystems species.yr 9.05E-10 5.34E-10 5.22E-10 

Global warming, Freshwater ecosystems species.yr 2.47E-14 1.46E-14 1.43E-14 

Stratospheric ozone depletion DALY 1.33E-10 7.59E-11 5.95E-11 

Ionizing radiation DALY 4.22E-11 3.62E-11 2.17E-11 

Ozone formation, Human health DALY 4.51E-10 2.74E-10 1.38E-09 

Fine particulate matter formation DALY 1.82E-07 1.40E-07 3.44E-07 

Ozone formation, Terrestrial ecosystems species.yr 6.75E-11 4.08E-11 1.99E-10 

Terrestrial acidification species.yr 1.58E-10 9.04E-11 1.46E-10 

Freshwater eutrophication species.yr 3.40E-11 4.76E-11 1.39E-10 

Marine eutrophication species.yr 1.07E-14 1.73E-14 2.27E-14 

Terrestrial ecotoxicity species.yr 8.50E-12 1.24E-11 5.16E-11 

Freshwater ecotoxicity species.yr 2.21E-11 2.92E-11 2.98E-11 

Marine ecotoxicity species.yr 4.17E-12 5.54E-12 6.41E-12 

Human carcinogenic toxicity DALY 2.68E-08 3.21E-08 4.83E-08 

Human non-carcinogenic toxicity DALY 5.38E-08 7.39E-08 2.41E-07 

Land use species.yr 6.17E-11 1.06E-10 5.21E-11 

Mineral resource scarcity USD2013 1.94E-04 2.88E-04 -1.86E-03 

Fossil resource scarcity USD2013 4.31E-02 2.15E-02 1.90E-02 

Water consumption, Human health DALY 3.83E-09 4.53E-09 6.26E-09 

Water consumption, Terrestrial ecosystem species.yr 2.33E-11 2.75E-11 3.81E-11 

Water consumption, Aquatic ecosystems species.yr 1.04E-15 1.23E-15 1.70E-15 

 


