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Poor urban air quality is a growing global concern due to its far-reaching environmental, social, and health impacts. Nairobi City's rapid urbanization—characterized by rising human and vehicular populations, industrial expansion, and commercial activities—has significantly deteriorated air quality. Despite the existence of international, national, and county-level policies on air quality management, their implementation remains weak due to overlapping mandates, unclear institutional roles, and limited capacity. This study analyzed Nairobi's sectoral sources of air pollution, governance structures, and strategic entry points for gender-responsive air quality management. Using a mixed-methods approach, in addition to the policy analysis and urban diagnostics, the study finds that air pollution in Nairobi is driven by multiple interconnected sectors, necessitating a coordinated and cross-sectoral approach. While existing institutions play key roles, an integrated Nairobi Air Quality Working Group is essential for harmonizing policy efforts, strengthening enforcement, and fostering inclusive governance. The findings highlight the need for a streamlined regulatory framework, enhanced institutional coordination, and targeted capacity-building programs to address air pollution effectively and equitably.
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Introduction

The quality of air has a significant direct impact on human life (1–3). Poor urban air quality is a major and increasing concern as around 55% of the global population now live in cities, which is projected to increase to 68% by 2050 (2, 4–6). In Africa, PM2.5 exposure levels surpass the World Health Organization (WHO) 24 h health guidelines of 15 μgm−3, and the situation is projected to deteriorate further,particularly in the rapidly growing cities where there is also increasing populations (7). This projected increase in urban population will in-turn results to global rapid urbanization which poses significant environmental, social, and health risks with multiple cascading impacts across sectors and social groups (3, 8, 9). These claims have been affirmed by the World Health Organization (WHO), stating that more than 90% of people living in urban areas are exposed to air pollution levels that exceed the 2005 recommended health-based air quality guidelines hence posing threats to lives, productivity, and economies (10). This is in addition to one out of every 9 deaths globally (11). The exposure levels stem from large-scale construction, increased energy use, vehicular emissions and industrialization (12–14).

Nairobi city, the capital city of Kenya is one of the fastest-growing cities in the developing world (15). However, the city's urbanisation growth is marred by challenges including: inadequate formal housing that results in expanding informal settlements, unplanned housing estates, and lack of coordinated planning and poor enforcement of zoning rules and regulations (4, 15–17). These challenges are a result of increasing trends in human population, vehicle population, industrial and commercial activities. To put this into perspective, the city's rapid urbanization has seen the population grow from 4.3 million in 2018 to 5.2 million in 2022, an average annual growth rate of 3.9%. This is projected to increase to about 6 million in 2030 (18) This has led to an increase in waste generation, fumes and pollutants from combustion engines all of which play a critical role as the major city's air pollution sources (19). Further, the US Environmental Protection Agency (EPA) states that the Nairobi air quality index (AQI) along roadside locations is at an unhealthy level (20, 21) primarily due to the high vehicular population compounded by poor transport infrastructure. Kirago et al. (22) reported that “black carbon emissions from traffic are a key stressor for air quality in Nairobi. Kiai et al. (23) reported that “ highest 24-hour average concentration of PM10 and PM2.5 was observed in Viwandani, an industrial area (111.87 μg/m3), and the lowest concentration at Karura (21.25 μg/m3), a forested area In addition, efforts to monitor and mitigate pollution don't match the rate at which the city is developing despite the sources contributing independently to air quality (24).

Therefore there is an increasing need to understand the local air quality management ecosystem and to establish an integrated coordination platform or system to profile ongoing activities, track their impact and measure their contributions to mitigating the city's air pollution. In addition, the need to understand the inter-sectoral linkages of air pollution sources to best manage and improve the city's air quality is of great significance. This suggests that concerted efforts must be holistic and inclusive in improving air quality, people's health and well-being by addressing the root causes of environmental pollution (25). Achieving this requires a coordinated cross-cutting approach spanning diverse policy domains.

To this end, the study aimed to understand the major sources of air pollution, actors within the air pollution space, the governance process, and the narratives underpinning this process. This was guided by the following specific objectives: (1) examine sectoral sources of air pollution in Nairobi city and unpacking the interlinkages among the sectors; (2) understand the governance processes underpinning air quality management including challenges and opportunities; and (3) explore strategic intervening niches that could promote effective, equitable and gender-responsive air quality management systems in Nairobi. This study is critical since the findings will contribute greatly to the air quality interventions, measurement and monitoring. Further, the information could be used to refine and update databases for air quality numerical simulations, increasing the reliability and precision of any analysis and widening the possible application of modelling for urban policy improvement.



Materials and methods

The study employed the policy process analytical framework described by Keeley and Scoones (26), combining analysis of narratives/discourses, actors/networks, and politics/interests to analyse the political economy of the Nairobi Air quality. The framework was developed based on case studies of African environmental policy-making processes (18, 26). The policy process framework acknowledges how interests and politics shape power relations, and how these relate to the politics of resource access and use (Figure 1). Based on the conceptual framework, the study employed a mixed methods study approach that employed qualitative and quantitative methods complimentarily. Further, the urban diagnostics approach by Bryson et al. (27) to analyse the Nairobi air quality landscape and institutional governance, highlighting some of the challenges. The study was conducted from November 2022, to December, 2022 for the field work while 3 month for planning, data coding and analysis processes.
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FIGURE 1
Conceptual framework for the study.


Focused Group Discussions (FGDs) and Key informants Interviews (KIIs) were used to interrogate the targeted stakeholders and actors within the air quality landscape in Nairobi. Participants were purposely selected considering their roles, responsibilities and expertise to contribute to the issue of air quality improvement in Nairobi (70). The participants engaged in the FGD and KIIs were both from government and non-governmental entities directly and or indirectly connected to Nairobi's air quality management as service users, regulators, citizens and civil societies. The participants were drawn from the National Environmental and Management Authority (NEMA), the Kenya Association of Manufacturers (KMA), Kenya Alliance of Resident Association, Ministry of Energy, Nairobi County Government departments of Environment and Air Quality monitoring, World Research Institute (WRI), Academia, National Gender Equality Commission and the Ministry of transport. A total of 1 FGD and 7 KIIs were conducted during the period of study.

The FGD workshop had a total of 14 participants strategically drawn from the thematic sectors of transport, energy, industry, and waste management. Discussions were held through an open dialogue format guided by a series of thematic questions. This encouraged participants to share their insights, and experiences while unpacking cross-cutting issues ailing the city's air quality management. Qualitative data collected from the session was thematically analysed enabling the identification of actionable insights relevant to the study's objectives. The KIIs played a significant role in generating additional qualitative data to fill in gaps that were not comprehensively addressed during the FGD discussions. It helped to understand the in-depth challenges faced in the process of implementing air quality policies in respective sectors, the decision-making and power relation dynamics, the critical actors who aren't adequately engaged, gender dynamics and the intervention pathways to disrupt the common and dominant narratives in air quality management.

Additionally, a desktop scoping review was leveraged to understand the existing institutional, policy, and legal framework of Air Quality Management in Nairobi city. In addition, the desk review played a significant role in examining the dynamics of how each sector affects the city's air quality and its implications on the general population. Further, mapping of stakeholders from various databases and a comprehensive understanding of the air quality management and sectoral contributions in the city was undertaken.


Targeted consultative dialogues

Online consultative discussions were conducted and targeted the sector representatives, key decision makers in the city regarding air pollution reduction, and gender experts to fill in the missing gaps and challenge dominant narratives in air pollution sources and their reduction, governance, and intervention pathways from the previous methodological steps.



Synthesis and analysis

The gathered information from all the methodological steps above was collated and synthesized through expert analytical steps employing a narrative analysis method. The narrative analysis method allowed the review of the information gathered from the interviews and discussions and restated them into context by analyzing the structure of the narrative, the argumentation, the description, and the key message which further informed the reporting.




Limitation of the methodological framework

The limitations related to the short study duration and small sample size are acknowledged, and these are identified as areas for further research. Future studies could expand on these preliminary findings by employing a larger and more diverse sample over an extended period.



Results and discussions


Legal and institutional governance landscape of Nairobi air quality

Nairobi's air quality policies reflect a convergence of national and county-level efforts. The national government established air quality regulations in 2014, setting standards for pollutants. In response, Nairobi City County enacted the Air quality policy in 2020 and the Air Quality Bill in 2021, aiming to address local pollution sources and enhance monitoring. This alignment ensures a unified approach to air quality management, integrating national standards with localized strategies. The management of the city's air quality is localized but anchored on the local, national and international legal framework. At county level, Nairobi has advanced air quality management through policies like the Air Quality Action Plan 2019–2023 (28), Nairobi City County Climate Action Plan, 2020–2025 (29), the Breathe Nairobi Strategy, improved monitoring systems, international collaborations, and research initiatives, creating a strong foundation for future action (Figure 2).
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FIGURE 2
Legal and institutional framework for the Nairobi City's air quality governance.


At National level, the laws and regulations developed hinges on the Constitution of Kenya, 2010, part II, section 3 (30, 31) and the global World Health Organization guidelines as the international legal framework for air quality management. This provides recommendations on air quality guideline levels as well as interim targets for six key pollutants (32). However, Nairobi's air quality management faces challenges including inadequate monitoring networks, limited data for policy development, reliance on unclean cooking fuels, improper waste management, and highly-polluting small-scale industries, particularly in informal settlements. Figure 2 below shows the major legal and institutional establishments for the city's air quality governance.


International air quality legal and institutional governance

The World Health Organization has established the Global Air Quality Guidelines (AQGs), which are based on evidence of the impacts of pollutants on human health (11). These guidelines offer a regulatory framework that nations are using to understand their air quality status, determine the impacts of their intervention efforts, determine the level of pollution for various pollutants, and reference their air quality against the global community and standards. Researchers also rely on the same to determine the levels of concentration of different pollutants from various sources and sectors (33). These guidelines include values that do not bind stats to particular actions but rather reflect a high degree of scientific consensus, giving them global authority. The guidelines recommend air pollutants concentration levels for 6 major pollutants including – particulate matter (PM), ozone (O₃), nitrogen dioxide (NO₂) sulfur dioxide (SO₂), and carbon monoxide (CO). The average annual concentration and the 24-hour average concentration levels for each of the pollutants (Table 1).



TABLE 1 Air quality guidelines (AQG) and interim targets.



	Pollutant
	Averaging time
	Interim target 1
	Interim target 2
	Interim target 3
	Interim target 4
	AQG level





	PM₂.₅, µg/m3
	Annual
	35
	25
	15
	10
	5



	
	24-houra
	75
	50
	37.5
	25
	15



	PM₁₀, µg/m3
	Annual
	70
	50
	30
	20
	15



	
	24-houra
	150
	100
	75
	50
	45



	O₃, µg/m3
	Peak seasonb
	100
	70
	–
	–
	60



	
	8-hourᶜ
	160
	120
	–
	–
	100



	NO₂, µg/m3
	Annual
	40
	30
	20
	–
	10



	
	24-houra
	120
	50
	–
	–
	25



	SO₂, µg/m3
	24-houra
	125
	50
	–
	–
	40



	CO, mg/m3
	24-houra
	7
	–
	–
	–
	4




	aDistance from the Central Business District (CBD) of Nairobi.


	bRecorded using PurpleAir low-cost sensors.


	cLocated in informal settlements.







Findings from the study indicate that the WHO guidelines are yet to be adequately integrated into the national air quality and management guidelines in Kenya. Similarly, there are no dedicated platforms by the city government or procedures through which international programs being deployed into the city or being implemented elsewhere, are engaged, verified, and directed for impacts. Instead, most projects are deployed through local partnerships that sometimes are ad-hoc and designed for the sake of the project goals. In these, many useful international initiatives are not niche-targeted, and most, therefore, end up leaving no or little sustainable impacts in the city (34). Most governments have opted to formulate pro-air quality policies according to the dynamics existing in their jurisdictions even in their broader environmental and livelihood ecosystems. As such, air quality laws and regulations have been designed by countries in an attempt to fit their local context and address the regional challenges in air quality management.

Besides the WHO guidelines, there are also various institutions and global programs working in Nairobi to support air quality management through either research, policy support, or community support. These international programs are mainly established by international actors in partnership with local institutions or governments among other stakeholders to deploy air quality management interventions. The approaches used in deploying programs, in this case, are widely project-based, where either research or action projects are designed, funded, and implemented through local collaborations. Some of these international programs include; the Grant program by the National Institute for Food and Agriculture, the Clean Air Catalyst program by the World Resources Institute (WRI) and Environmental Defense Fund (EDF), the Pollution Management and Environmental Health Program by the World Bank, and the Global Environment Monitoring System for Air by United Nations Environment program (Table 2).



TABLE 2 International programmes in Air quality.



	Organization
	Program
	Partners
	Objectives





	National Institute For Food and Agriculture
	Grants program
	CENRS Air Quality Research Subcommittee, National Atmospheric Deposition Program
	To fund air quality research on emission control technologies that will minimize pollutants from agricultural production facilities. This will in turn help regulatory authorities design permits for agricultural facilities.



	World Resources Institute (WRI) and Environmental Defense Fund (EDF)
	Clean Air Catalyst program
	National and local governments, Non-governmental organizations
	Develop data-driven solutions to air quality problems to equip stakeholders with knowledge on developing realistic and implementable policies.



	World Bank (WB)
	Pollution Management and Environmental Health Program
	Stakeholders across low and middle-income countries
	To provide technical assistance on pollution management, facilitate knowledge generation and sharing with relevant stakeholders, and raise awareness on the impacts of pollution on health systems.



	United Nations Environment Program (UNEP)
	Global Environment Monitoring System for Air
	Governments in Developing countries
	To build capacity in developing country governments to improve the air quality in their jurisdictions through science and technology.









National air quality legal and institutional governance

The Kenyan Constitution 2010 is the supreme law that provides the legal framework for all laws and regulations on air pollution to enhance air quality management and governance (31). Article 10 entrenches the principle of sustainability as one of the national values and principles of governance. Article 42 guarantees every Kenyan the right to a clean and healthy environment, including the right to protect the environment for the benefit of present and future generations. Further, article 69 and 70 of the constitution give rise to the obligations of the state and citizens to ensure that the environment for which air is fundamental component remains in a stable state. The constitution also envisions the right to clean and healthy air and provides the overarching legal framework. The Environmental Management and Coordination Act (EMCA) 1999 (35), is the main national legal Framework governing environmental pollution prevention. Some sections have since been repealed under the 2015 (36) amendment to align it with the current Kenyan 2010 constitution. Among other things, EMCA provides a legal framework for the establishment of various institutions that are central to the environment and thus air quality governance in Kenya (36). The institutions include the National Environment Management Authority, Public Complaints Committee, National Environment Tribunal, National Environment Action Plan Committees, and the County Environment Committees. The National Environmental Management Authority (NEMA) is the principal institution mandated to implement Government policies on the environment and exercise general supervision and coordination over all matters relating to the environment (Table 3).



TABLE 3 Summary of institutions engaged during the workshop.



	Institution
	Typology
	Roles





	National Environmental Management Authority (NEMA)
	Parastatal
	Principal institution mandated to implement Government policies on the environment.



	National Environment Tribunal
	National Government
	It is a Quasi-judicial body that checks the excess powers of NEMA by resolving appeals from the general public.



	Nairobi City County Government (NCCG)
	Local Government
	Responsible for environmental management in the Nairobi City



	Ministry of Energy
	National Government
	To formulate, implement and influence policies, regulations and foster practices that are crucial for air quality management.



	Ministry of Transport
	National Government
	To implement policies tailored to regulate vehicle emissions, importation of energy efficient vehicles, and invests in sustainable transport infrastructure for mass transit for urban mobility.



	Kenya Association of Manufacturers (KAM)
	Private sector
	A representative of the manufacturers and processing industries in Kenya.



	National Environment Action Plan Committees
	National Government
	The committee is mandated to coordinate and oversee environmental planning and management across Kenya.



	County Environment Committees (CECs)
	Local Government
	The CECs ensures various county and national environmental policies and regulations are adhered to by the public and entities within their jurisdictions. they collaborate with various stakeholders in addressing environmental challenges such as; pollution and waste management.



	Public Complaints Committee
	National Government
	To address environmental public grievances through investigation, mediation and policy recommendations.







Kenya developed the Environmental Management and Coordination (Air Quality) Regulations in 2014 to operationalize the aspirations of the Kenyan constitution. The regulation was developed based on a comparison of countries with similar characteristics like Kenya since there was no baseline data (37). The regulations provide for the prevention, control, and abatement of air pollution for clean, healthy, and ambient air (38, 39). The approval of the regulations on air quality management in 2014 highlights the national government's commitment to addressing urban air pollution (40).

The regulations, therefore, form the most recent national attempts to strengthen air quality management in Kenya. Before this period, other policies related to air quality and the environment were disjointed and did not reflect local realities as shown in (Table 3) (2). Kenya is also a party to the Sustainable Development Goals (SDG) by the objectives set in its Vision 2023 blueprint for development. Goal 3 talks about good health and well-being of people while target 7 mentions of the enhanced use of clean energy. Notably, SDG 7 aims to ensure access to affordable, reliable, sustainable and modern energy (41). In addition, SDGs 3, and 11 are targeted at taking holistic, evidence-based policy actions with improving urban air quality being integral to sustainable development (42, 43).

Despite these multiple policies, there were enforcement challenges, alongside ongoing population and economic growth resulting in continued high ambient and household air pollution levels (44). According to Singh et al. (2), this is due to the fact that there is a lack of air quality data to forecast scenarios and inform evidence-based air quality control measures. Their implementation also still needs more socio-political structural strengthening, institutional alignments, and capacity strengthening. Generally, the national legal and institutional arrangements for air quality management are progressive as there are efforts to not only scale up the legal framework for air pollution reduction but also devolve the same through the county governments. The progressiveness of air quality management in Kenya is therefore in terms of the increasing political will that has paved the way for the establishment of various environmental policies and laws (Table 4). However, According to DeSouza (45), despite having an air pollution governance framework, the Kenyan government has been effective in taking action to improve air quality. This is attributed to the fact that there are multiple organizations with overlapping jurisdictions in their mandated roles of managing air pollution. This contributes to challenges in coordination and thus effective policy enforcement.



TABLE 4 Key environmental policies related to air quality in Kenya (17, 25, 42).



	S/N
	Key environmental policies
	Year





	1
	Air Quality Regulations
	2014



	2
	Environmental Policy 2013
	2013



	3
	Occupational health and safety Act
	2007



	4
	Public Health Act, Cap 242
	2012



	5
	National transport and safety Act
	2012



	6
	Energy Act
	2006









Nairobi city county air quality legal and institutional governance

The Nairobi City County government was established through the Kenyan Constitution (30) alongside other 46 counties in Kenya. Article 186 of the constitution clearly outlines the functions and powers of the national government and those of the county governments including that of the Nairobi City government. The Fourth Schedule of the Constitution of Kenya 2010, Part 2, and Section 3 outlines the specific functions and mandates of the county governments which among them is to control air pollution, noise pollution, other public nuisances, and outdoor advertising within their jurisdiction. The County Government Act, No.17 of 2012 as amended by Act No. 7 of 2016 further outlines the roles of the County government in general. Section 2 of this Act stipulates that a county government shall be responsible for, inter alia, functions provided for in Article 186 and assigned in the Fourth Schedule of the Constitution, without prejudice to the generality of the first subsection (30).

The City government in partnership with the United Nations Environmental Program and the Environmental Compliance Institute developed the Air Quality Action Plan 2019 to 2023 (12). The action plan is aimed at aiding the city County government in developing better air quality management strategies. The action plan forms the basis of various strategic actions of the City County in legislation, enforcement, and gathering scientific evidence to support critical decision-making in air pollution reduction. The development of an action plan highlights the importance of bringing governance closer to the people including the development of a systems approach to air quality management (25). However, the plan needs to be updated in order tandem with current dynamics and scenarios of the prevailing air quality.

Building on the action plan, the city County government developed the Nairobi City County Air Quality Policy 2021 in response to the third objective of the action plan. The policy aims to provide a legal framework and form the foundation for developing relevant legislative frameworks for effective air quality management in the city of Nairobi. The Act advocates for an integrated approach toward air quality management by all relevant sector players in Nairobi (29). Key to the provision of the policy is the inclusion and participation of various stakeholders in the city air quality management from the identified sectors. The policy clearly states the various policy statements and actions to be taken by the County government. Specifically, the policy outlines the need to update the pre-existing air quality standards and strengthen the enforcement capacity. The key sectors identified in the policy for prioritization of air pollution reduction include transport, waste management, industry, energy, construction, Housing, and agriculture. The policy acknowledges the existing gap in coordination and governance that needs to either be realigned or be established where they don't exist (46).




Sectoral air quality analysis in Nairobi city


Industrial sector

The industrial sector in Nairobi is mainly composed of small to medium enterprises and a thriving less regulated informal sector commonly referred to as the “Jua Kali”. A large portion of the small to medium enterprises is in the manufacturing and processing sectors. While Nairobi City boasts of being the largest contributor to the national gross domestic product at about 21.7%, the city's industrial sector is believed to contribute a larger share of this percentage (19). In as much as the Nairobi City County policy highlights various measures to help manage and reduce air pollution in the city from the industrial sector, various institutions, most of which are national entities, play a critical role in industrial pollution management. The National Ministry of Industrialization has the key role of promoting national industrial transformation and is thus keen on industrial development and performance.

The Ministry of Environment, Climate Change, and Forestry champions environmental protection and conservation by advocating for environmental governance. environmental issues. The Kenya Industrial Property Institute is a government parastatal dealing with intellectual property rights and thus plays a minimal but promotes large-scale production of goods by industries (47). The Kenya Bureau of Standards (KBS) is a national parastatal in charge of standards and quality checks of products and appliances. All these state agencies play a role in air pollution reduction efforts in the sector either directly or indirectly. There are few multi-government forums to coordinate and align these roles in complementary and impactful ways. The Kenya Industrial Research and Institute Development (KIRDI) has also made efforts to realize the circular economy among industries to conserve the environment mainly by deterring open burning of recyclable waste materials. KIRDI, through its Center of Environmental Sustainability and Climate Change Research is keen on researching efficient energy use and green manufacturing processes in the industrial sector. The adoption of these green manufacturing processes by industries and manufacturers will lead to less carbon footprint hence enhancing the quality of air in the city. The Kenya Association of Manufacturers, which is a representative of manufacturing and value-added industries in Kenya plays a critical role in linking all manufacturers and creating awareness and crosscutting actions. While keen to promote the growth of businesses in the industrial sector, the association can be used as an avenue to push for the implementation of some by-laws and policies to reduce air pollution from the sector.

The County city government has stipulated in its policy documents and legislation the strategic areas of intervention to reduce air pollution in the industrial sector. Ranging from establishing emission monitoring systems to continually enforcing compliance regulations and tough measures for non-complying industries. In controlling outdoor air pollution by industries, the National and Nairobi County Governments, through the National Climate Change Action Plan 2018–2022, are looking forward to enhancing the circular economy among industries.

One of the proposed policy measures for industries to adopt green energy is to design and lobby economic incentives for industrial firms to invest in more efficient and environmentally friendly processing technologies. The policy further explores strategies to move industries away from residential areas to limit adverse effects on the immediate population. Despite these efforts, air pollution from the sector has been on the rise in the recent past due to a continued growing industrial sector with a lean regulatory framework focusing mainly on stack emissions and compliance. NEMA as the regulating Authority, therefore, has a major challenge in monitoring and enforcing regulations on fugitive emissions. According to Air Quality Regulations 2014, sanction measures are only issued against stack emission reports from industries. NEMA's inadequate capacity in tracing and quantifying fugitive emissions complicates its efforts to effectively regulate air pollution in the city from the industrial sector alongside the emissions from the less regulated informal sector. However, industries are required to formulate fugitive emission control plans and reduction measures for purposes of self-regulation (38).

Overall, the industrial sector air quality management remains complex with various actors and contributors. Managing and balancing the economic interest which is strongly linked to the industrialization efforts against environmental sustainability efforts is proving difficult when it comes to reducing air pollution in the sector. The economic growth and livelihood contribution from large industries that pollute more may override the regulatory recommendations as the political influence on high-level decision-making takes preeminence in most cases. To effectively manage the sector, the County government, NEMA, and the Association must thus work collaboratively with all other stakeholders, if any tangible progress has to be made concerning air pollution reduction in the sector.



Transport sector

The transport sector in Nairobi comprises the large and small locomotive engines operating or passing through the city's jurisdiction. Various studies have shown that pollution levels are mostly high in road junctions and along major roads in the city (48). The sector has continued to grow with the growing human population with a vehicular population expected to hit a record high of about 1.4 million by 2030. The rising vehicular population can be attributed to the importation of second-hand vehicles from overseas not more than 8 years old. The rise in two and three-wheeled locomotives has been on the rise in Kenya and indeed Nairobi city has been attributed to their affordability and ability to manoeuver the traffic congestions in the city. With this new development, fossil fuel consumption is increasing and more pollution is noted as the engines become older and inefficient. According to Nairobi's Climate Action plan for 2020–2050, the transport sector contributed 45% of the total Green House Gas (GHG) emissions in the city in 2016. Numerous studies have shown that road traffic emissions significantly affect the air quality of urban environments by contributing to the ambient particulate matter (PM2.5) levels (49–54, 71). Sing et al. (2) and Kirago et al. (22) among others found out that vehicle emissions were a key source of air pollution in Nairobi, accounting for an estimated 47.5% and 48.1% of the total PM loading in the PM2.5 and PM10 size fractions respectively at roadsides.These levels have increased by 30% between 2017 and 2019 (55). According to (13), these levels have been increasing by 1.4% per year.

There are various institutions involved in the transport sector in the city. The key stakeholder includes the National Transport and Safety Authority which is central in the vehicle inspection and licensing of locomotive engines, the Kenya Police which enforces the traffic laws and regulations, the city County government which has a traffic department to enforce compliance with its bylaws, the Matatu Owners Association who coordinate the Matatu public transport investment and operations, the Association of bus operators Kenya (ABOK), and the boda boda safety association who coordinates the two-wheeled motorcycles. The sector players are keen on their mandate, especially on enforcing their operational compliance but less on the environment and more so on air pollution elements. The rapidly growing city population and the need for efficient and effective transport have increased pressure on the existing transport systems and the situation may worsen soon unless radical strategic measures are taken. The traffic congestion in the city has led to the loss of productivity of up to Ksh.100 billion annually (NAMATA strategy plan 2019–2023). The Kenya Institute for Public Policy Research and Analysis (56) reported that traffic congestion is mostly caused by private vehicle owners as they account for 64% of motor vehicles in traffic jams carrying only 22% of the total passengers. Public motor vehicles account for 27% of vehicles on the road while carrying only 29% of commuters.

Since Nairobi County is a motorized city, there is a need to have a policy that will stop/minimize the importation of diesel engine vehicles as its emissions which mostly contain sulfur have severe health effects. The gap is to be filled with the importation of electric vehicles which are environment friendly. Formulation and implementation of the relevant policy to this effect should involve all stakeholders in the sector, especially the Matatu Owners Association (MOA) as they are the primary transport providers in the city. Induction of the association into the policy is vital as it employs over 80,000 men and women living in the city who are further depended on by their immediate and extended family members. Further, the sector contributes majorly in revenue for both the National and County governments, insurance firms, and spare part shops (57). The sector also presents a complexity in balancing the environmental desire with the much politicized and conspicuous socio-economic gains in sustainability growth. Strategic and radical air pollution interventions in the sector, therefore, require a multilevel and multi stakeholder approach and efforts to implement. The creation of elaborate cycling and pedestrian pathways will encourage non-motorized means of transport as envisioned in the Nairobi County Non-Motorized Transport Policy 2017 (12). The Policy advocates for an increase in budgetary allocations for the construction of non-motorized transport lanes. Successful implementation of these measures will significantly reduce the number of motor vehicles on the road hence reducing the number of emissions released into the atmosphere.

Besides Matatu being the city's major transport provider, there are Boda bodas that provide general transport, especially during traffic congestion as they can easily maneuver through. Despite being a vital part of the transport system in the city, it has been noted that Boda bodas emit more hydrocarbons compared to vehicles (58). Therefore there's a need for urgent strategic intervention in the sub-sector as the population of two-wheelers is rapidly increasing in the city and is mostly used for commercial transportation. There are increasing calls to introduce and promote electric motorbikes in the city to reduce air pollution. This comes with its fair share of challenges due to the inadequate infrastructural and policy systems to support the shift besides the affordability and economic constraints. The existing bodaboda engines are already high and what happens to them? How do you incentivize the sub-sector to shift to electric bikes? How do you gradually face the fossil fuel-dependent engines and introduce the electric ones without disrupting the socio-economic fabrics of the sub-sector? What would be the possible impacts and how do you manage the politics around the sector? These are the hard questions the interventions in the sector would grapple with and work to address the complexities.

The interventions in the transport sector in the city, therefore, require the active and good political will of the national government, the city government, the development partners, and the general public. The reduction of air pollution from the sector, therefore, requires strategic infrastructural development, policy development, and implementation, embracing cleaner technology and enhanced stakeholders and public awareness and capacity support. It is indeed a complex and resource-intensive sector but a progressive plan can be drawn and implemented to reduce air pollution from the sector in the long run.



Waste management sector

The waste management sector in Nairobi City comprises waste production units that include households, and industrial and commercial units. Collection, transportation disposal, and processing of different wastes are outlined in the Nairobi City County Solid Waste Act 2015. This role is done by the city-county government alongside the private sector commercial players and privately managed households' collectors and industrial collectors with a few city cleaners and collectors designated in most public spaces in the city (59). Key stakeholders in the waste management sector in Nairobi city include the city County government, NEMA, Private waste collectors, designated community-based organizations, City industries, the Kenya Association of Manufacturers, households, commercial enterprises, and waste-to-product processors.

One of the major challenges in the waste management sector in the city is the inadequate and inefficient collection of wastes from the generation sources and their transportation to the designated dumping sites. This has led to the emergence of illegal dumpsites in residential areas, underdeveloped lands, and open green spaces including rivers and informal settlements. Most community-based organizations dealing with waste management have only the capacity to collect household waste (which is mostly biodegradable) and set them at designated zones for collection and transportation to the designated dumping site (60). The inadequacy and inefficiency in the waste collection from these designated collection points have seen some turned into illegal dumpsites with a majority opting to open burning and dumping in illegal sites.

The sector is also suffering from an overdependence on private waste collectors and transporters. While the sector is under the City county government, the licensed private collectors seem to enjoy some level of monopoly and political support beyond the city government. Some of the private waste collectors have been reported to expand their profit margin by dumping waste in illegal and undesignated sites to avoid paying the NEMA and city County levies for handling and dumping wastes at the designated Dandora dumping site. In the plight of this, the county government set up mechanisms to monitor the private waste collectors after granting them operation licenses (28). This involves reviewing and monitoring tonnage records at the weighbridge at Dandora dumpsite or at other recycling facilities where the disposal has taken place. To ensure accuracy at the tonnage weighbridge, the site is manned by county officers for the safekeeping of the tonnage registers. The private waste collectors who irregularly frequent the dumpsite are often quarried where they dispose of the collected waste materials. Despite this monitoring system in place, there are still incidences of illegal disposal of waste.

There are also challenges in waste segregation at the source. Most of the household wastes are mixed and thus the menace of illegal dumping promotes segregation during transportation and only the less useful wastes are demoed in the Dandora site. Waste segregation at the source would promote the efficiency required as the collectors and transporters would know what waste compositions to pick when and transport to the designated processing facilities. This would leave a few tonnes of garbage to be transported to Dandora, where an incineration facility or waste-to-energy facility could be set to handle the waste. This entire value chain system thinking and intervention would greatly reduce air pollution from the source, transportation, and processing and thus significantly contribute to the creation of decent jobs and livelihood support systems. Waste management in the city is therefore a complex system issue that requires a system mainstreaming approach that incorporates the inculcation of waste segregation at the source, efficient and adequate collection, and transportation to the designated waste processing facilities (61). The adequacy and efficiency, though require much political goodwill, human and financial resources, and capacity support to effectively address.

Despite the identified complexities and challenges in the waste management sector in Nairobi city, there are quick starting points identified for action to reduce air pollution from the sector. Promoting public awareness of waste segregation at the source level and supporting the capacity to do so would enable its adoption and practice. The County government working with its partners can then move in to streamline the sector in terms of adequate and efficient waste collection and transportation in the city. This means the adequate number of trucks assigned to a specific region as per the waste tonnage generated. Working with private processing, material recovery, and recycling facilities would help reduce the tonnage dumped (62). Initiatives such as the city government partnering with private development partners such as Sanergy to process organic wastes and produce animal feeds an examples of waste-to-product initiatives that can be rolled around the city and cover all organic waste generated and segregated at source. The initiative can be incentivized to promote waste segregation and delivery to the processing facilities. For the Dandora dumpsite, a good starting point would be to incinerate waste that has already been segregated and that no one has an interest in at the dump site. The incineration process reduces waste volume by up to 90%. Which is vital in reclaiming land as well as managing air pollution.

While it may sound as if the city is in direct control of the waste management, it becomes complex as more and more tonnes of waste is generated in the city and this translates into a whole new realm of commercial engagement for the private sector with a controlled environment, making it a bit difficult to understand and penetrate. The complexity is dynamic with additional wastes generated, Dandora dumpsite getting overfilled, and attempts to relocate it proving futile with lots of resistance and periodic changes in the city governments and key decision makers. The power dynamics in the sector are not well documented and its discussion at the city level spurs mixed discussions comprised of unclear political influence and controlled sector with some level of informally instituted levies on collection, transportation, and disposal.

This study has therefore established that the sector is strongly controlled politically and informal groupings have been set to control the sector at various political and operational levels. These informal arrangements make it difficult to strategically intervene in terms of air pollution from the sector unless the focus is shifted to source waste segregation and prioritizing recycling or waste-to-product processing by partnering with private developers and investors. This reduces the tonnage dumped in Dandora which can be further processed through waste-to-energy initiatives or incineration processes. For the sector to improve and have a meaningful intervention realized, strategic and radical measures may have to be put in place with the support of both the national and county governments in discussion with the strategic private sector stakeholders. The government may be forced to take up the full and direct operation of the waste management sector to streamline it before handing it back to the private sector partners or collaboratively agree on the streamlining journey through public-private partnership modalities to enhance efficiency and adequacy.



Energy sector

The energy sector includes all the combustion fuel sourcing, processing, productive use, and sustainability with a coverage of the fuels used in combustion engines, energy transformation processes such as electricity generation, and their use in industries, transport, and household sectors among others. Generally, the sector covers both the electricity and cooking sectors. However, the study is cognizant of the fact that the Energy sector is not fully devolved to the counties and a majority of key decision-makers are at the national government through its Ministry of Energy and the semi-autonomous institutions (34). For instance, on issues of regulations and licensing in the energy sector, the Energy and Petroleum Regulatory Authority has the full mandate, and for electricity distribution, the Kenya Power and Lighting Company is in charge. In this regard, the city largely relies on national agencies to manage the sector and has a minimal role, therefore, it regulates or even reduces air pollution from the sector. This then leaves the city government to largely focus on the cooking energy sub-sector to reduce air pollution. The focus of this report is therefore skewed toward indoor air pollution and more specifically on household air pollution (HAP) with a light touch on the outdoor pollution from engine combustion on locomotives and industries using fossil fuels.

The promotion of clean cooking in Kenya and indeed Nairobi city has been real in the past decade with attention shifting from biomass to the exploration of other available clean cooking options. Historically, the promotion of clean cooking has focused on clean cookstoves with special attention to stoves that could reduce the amount of biomass being used and later those that reduce emissions (63). Electrification programs have been promoted to increase electric access with Nairobi city benefiting from such programs the most. The use of cleaner cooking fuels such as the use of Liquefied Petroleum Gas, Biogas, biofuels, and electricity has been on the rise and this is because of the increased supply chain with incentives to regulate the prices and associated appliances. Most households in Nairobi, therefore, use LPG as the primary cooking fuel. This is however not the case in most informal settlements where the use of charcoal, paraffin, and wood fuels is still common. Cooking fuel stacking is a common practice and most households' cooking fuel includes biomass fuels. Household air pollution is therefore rampant and reported every year with over 265 deaths reported annually in Kenya.

The national government through the Ministry of Energy and Petroleum has set an ambitious target to achieve universal access to clean cooking by 2028. Various efforts are being paced toward this goal and thus provide an opportunity for the County government to initiate programs and activities that will support the journey to achieving the set goal (64). The Bioenergy Strategy 2020–2027 aims to support the achievement of the set goal through; capacity development, financing mechanisms, designing an effective policy regulation, and lobbying for political goodwill. Besides, the Energy and Petroleum Regulatory Authority (EPRA) is also a strategic stakeholder in the energy sector. It is an agency established under section 9 of the Energy Act, 2019 whose main mandate is to collect and maintain energy data, and energy pricing and analyze the energy policies such as the National Energy Policy 2018 which is reviewed every 5 years (63).

Through the Petroleum Act No. 2 of 2019, section 101, the Energy and Petroleum Regulatory Authority (EPRA) has a critical role in determining the prices of petroleum and petroleum products. The Authority's mandate directly affects the transport sector, especially public vehicles whereby bus fares are adjusted depending on petroleum prices. In Nairobi, when petroleum prices are adjusted upwards, private vehicle owners often opt to use public transport to cut their monthly transport costs by spending less the petrol stations. This move tends to reduce traffic congestion as fewer vehicles will be on the road hence a reduction in PM2.5 concentration levels from exhaust emissions. Besides this, an upward review of fuel prices by EPRA has prompted car buyers to opt for fuel-efficient vehicles as they are conscious of cost saving (72) hence an improvement of the city's air quality.

Besides the transport sector, EPRA's upward review of petroleum has increased production costs in the industry sector as most of them run on fossil fuels hence prompting price increases of food, goods, and services. For instance, according to the research done by Ngare et al. (65), an increase in fuel prices has directly imparted negatively food prices especially perishable goods as they need fast transportation to the market. He noted that prices of cabbage and potatoes tend to rise by 13.9% and 7.9% respectively when fuel prices hike, unlike maize and beans. Due to the ever-rising fuel prices in the country, some industries have now resorted to investing in clean and cheap energy to make their production cost sustainable. For instance, East Africa Breweries Limited (EABL) has invested a total of 22 billion shillings in solar energy. It aims to shift from the National Electricity Grid and fuel by 2030. With this investment, the company aims to generate at least a total of 117MW (Promoting the Use of Solar Energy in the Manufacturing Sector in Kenya (56). Further, in an effort for EPRA to protect the consumer's interest, it is always in consultation with the Kenya Bureau of Standards (KEBS) to ensure only energy-efficient appliances are allowed into the country.

The Clean Cooking Association of Kenya (CCAK) is one of the major associations in this sector. It plays a key role in advocating for Government budgetary allocation towards research on viable clean cooking technologies and seeks improvement on regulatory provisions on clean cooking. For instance, when the Government re-introduced the 16% VAT on LPG in July 2021 (66), CCAK released a report on analysis of the implications of the added tax on access to clean cooking energy. It noted that the decision would be a setback as many households would fall back to the use of highly polluting biomass fuels such as charcoal and kerosene due to the high prices of the LPG and other cleaner cooking options.

In terms of decision-making processes, most of the decisions are made through the Ministry of Energy at the national level. The decisions made affect the city, its leadership, and its residents just like any other part of Kenya. In this regard, the Cabinet Secretary of the Ministry of Energy and Petroleum makes key decisions on matters of energy as per the Energy Act 2019. For instance, he/she is responsible for reviewing the National Energy Policy every 5 years in consultation with relevant stakeholders in the sector and also publishing a report on the status of implementation of the policy within 3 months after the end of a financial year (67). However, the County government of Nairobi has the chance to determine and shape up its ambitions in reducing household air pollution. In this space, the County government has the key decision-making powers and lobbies for the support of the County Assembly to allocate adequate resources for the sub-sector. Besides, the City government has the chance to partner with non-state actors and development partners to promote clean cooking in the city as a climate action pathway to enhance the achievement of SDG 7 and support the national government in the attainment of universal access to clean cooking by 2028.





Gender analysis of the air pollution in Nairobi city

Gender concepts and dimensions come into play in air quality management in numerous ways including the historically socially constructed roles and responsibilities that adversely define the exposure and vulnerabilities to air pollution, the disproportionate impacts, inequalities in key decision-making, and thus the overall air quality management (68). Gender dimensions are therefore very critical in air pollution reduction efforts, strategies, and intervention designs. With the increasing urbanization and city growth, the increasing air pollution impacts are disproportionately felt by the various gender groups. This project established that society has constructed the prevailing norms in the main sectors identified for air pollution and thus constructed the gender inequalities when it comes to exposure and vulnerabilities to air pollution and its adverse impacts. There are minimal efforts to mainstream gender in the mainstream sectors and if there are such efforts, they are less integrated and have a linear focus as evident in the Ministry of energy where the gender policy is skewed only to energy matters and not a single focus on pollution.

In addition, this gap is evident with the lack of comprehensive sex and gender-segregated data and impacts research evidence to redefine and refocus intervention designs in Nairobi city (19). For instance, the city's transport system is designed with less gender sensitivity, and many a time, those with disabilities, expectant women, and the young struggle while using the dominant public transport system in the city. While men and boys are likely to access jobs and livelihood sources from the transport sector, women and ladies are likely to create jobs and livelihood sources through small-scale commercial support businesses to the sector such as food vending. It is therefore difficult to attribute exposure to air pollution from the transport sector as both men and women, boys and girls are exposed in different ways.

Overall, it is perceived that more men and boys are exposed to air pollution from the transport sector than women and girls because they operate more in the transport sector. However, the safety risks are likely to be more for women and children in the use of public transport in the city. The transport sector dynamic is set to change progressively with continued advocacy for non-motorized transport systems and expansion and improvement of public transport. As such, it's a prime opportunity to advocate for the establishment of gender-sensitive infrastructures and systems in Nairobi city and this requires a dedicated and transformative gender working group as will later be proposed by this study.

In the energy sector, different gender groups are exposed to and thus affected differently due to socially constructed roles and responsibilities. While outdoor air pollution affects all gender groups almost equally, indoor air pollution, the focus of this report energy sector, has a disproportionate exposure and impact levels on the gender groups. Indoor air pollution is mostly caused by the over reliance on biomass cooking fuels. In most households in Kenya and indeed Nairobi, women and girls are the main cooks and thus exposed more to air pollution from the sub-sector and thus more vulnerable to indoor air pollution than men and boys (69). This is because of the socially constructed role of cooking assigned to women and girls. The exposure and vulnerabilities are further made worse in low-income households, where the women and girls are less empowered to make key decisions even in the kitchen and thus have less control over the fuels being used. It's unfortunate that in some households in the Nairobi informal settlements, the men decide on the household investment in cooking fuels without understanding the impacts it has on the other gender groups. Overall, women and girls are affected by air pollution from the energy sector silently and their wish and power to change the narrative and make key decisions even to adopt clean cooking options are met with socio-economic challenges.

In an attempt to change the narrative of women being sidelined in policy intervention in the energy sector and to implement Sustainable Goal 7, the Ministry of Energy has launched the first-ever Gender policy to implement its National Energy Policy of 2018 effectively. The Gender Policy seeks to enhance access to clean energy sources for cooking by availing of efficient cooking technologies to low-income households. However, the formulation and design of the gender policy didn't have air pollution in mind and the priority was just to promote energy access. With the realization of the gap, the ministry is seeking to include the air pollution goals in the clean cooking strategy being developed. This provides an opportunity for the city government to partner with the Ministry of Energy of the National government to promote clean cooking for the double effect of attaining the clean cooking universal access goal by 2028 but also reducing the exposure, vulnerabilities, and thus mortalities due to air pollution.

The industrial sector is full of dynamics and gender still comes into play. Men dominate the informal sector and are thus more exposed to air pollution from the sub-sector. However, in small, medium, and large manufacturing and processing firms, the men are exposed directly to emissions coming from the hard tasks in industrial processing. The hard tasks such as managing the industrial boilers and operating heating units are reserved for men in most cases. This is because they are believed to be masculine and tough to accommodate the tasks. Women are mostly assigned light and formal duties in such industries. While the exposure to direct emissions may be more for men, the fugitive emissions still affect both gender groups. The exposure levels and thus vulnerabilities to the consequential impacts of air pollution thus vary from one gender group to the other and may depend on the number of gender groups in the industries. Beyond the industrial premises, the emissions from the sector are usually carried down by the prevailing wind pattern and affect those living in the vicinity of the industries and thus the city dwellers at large. With the lack of gender-segregated data and research evidence, it is somehow impossible to pinpoint the gender-specific impacts of air pollution from this sector in the city (43).

The waste management sector with its complexities also presents a case for gender analysis. Waste collection, transportation, and processing seem to be defined by society for specific gender groups. While waste generation is universal to all groups, its collection from the point of generation and transportation is largely done by men and boys in Nairobi. The segregation and processing are also largely done by women and girls in collection points and at the Dandora dumpsite. This is because the collection from the generation points and transportation is societally perceived to be a hard and dirty task that only men and boys can handle. The segregation of recyclable wastes is largely done by women and girls as it's perceived as a light duty in the waste management value chain. The exposure and vulnerabilities, therefore, vary across the board with most men and boys participating in the waste burning and thus directly affected by the emissions. However, the women and girls are also exposed as they either work or operate within the vicinities of the waste-burning sites. The exposure and vulnerabilities are thus slightly high in men and boys but also affect women and women who suffer the most of the consequential respiratory illnesses and complications (61).

In terms of policies and institutional arrangements that affect the decision-making processes in air pollution reduction in the city, the study reveals that there is no sufficient gender-segregated data and research evidence to inform such policies and intervention design. The city is still struggling with general air pollution monitoring leave alone gender-specific data and information. With the evident struggles to mainstream gender in the existing policies and institutional arrangements, key stakeholders and decision-makers don't prioritize gender dimensions in their plans, actions, and frameworks. This can be attributed to the less capacity and understanding of gender concepts (68). In most cases, women's and men's representation have been confused to be gender mainstreaming and thus policy documents just mention gender without proper integration and mainstreaming in the implementation processes. The study, therefore, identifies the gap and proposes the establishment of a gender mainstreaming working group in the city drawn from various stakeholder groups to ensure substantial mainstreaming of gender concepts and enhance inclusivity in the air pollution reduction interventions for the city.



Conclusions

Air quality management doesn't have a designated and single institutional arrangement. However, there are efforts from various institutions and actors under the prevailing laws and legal framework to reduce air pollution at the sectoral levels. The air quality management in the city is therefore fragmented by the legal and institutional arrangements with the NEMA playing a central role in the process. The Nairobi City County government has also developed a policy guide and currently developing regulations to operationalize the air quality management in the city. For every sector, the analysis reveals that there are numerous challenges impeding the effective reduction of air pollution from the main sources. While the City county may have the desire to ultimately reduce air pollution from the identified sectors, the study shows that the city has much control and thus a greater opportunity to reduce air pollution from the waste management sector in the short term compared to the other sectors that are mostly controlled externally and the interventions are resource intensive or are highly politicized by a national government keen on economic growth and social benefits to the society than the environmental protection. The analysis also air pollution challenges which ranged from the legal and capacity gaps to inadequate resources and the dilemma of behavioral change, the lack of political goodwill among the key decision makers at the city and national governments tends to reduce air pollution less prioritized in most interventions. The prioritization of socio-economic pillars of sustainable development has seen the environmental pillar least considered and prioritized in various development agendas in the past. Even though the narrative is slowly changing with the intensified climate action and climate financing for sustainable developments, much still needs to be done to enhance the harmonious functioning of the various institutions and actors to reduce air pollution in the city. A starting point would be to have the key decision makers commit to working together and having a common goal set for reduced air pollution from the sector sources.
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