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EXECUTIVE SUMMARY

Introduction

This document is an Environmental and Social Impact Assessment (ESIA) study report for the Proposed Kaptagat Green Ammonia Greenfield in Uasin Gishu and Elgeyo Marakwet counties. The proposed project has the objective of generating and using solar power for production of green Amonia. The project Proponent, Tarita Green Energy Limited, engaged environmental experts licensed by the NEMA, to conduct an Environmental and Social Impact Assessment (ESIA) study for the proposed project and prepare a report for submission to the  (NEMA). This report is prepared in accordance with Section 58 to Section 67 and Section 138 of the Environmental Management and Coordination Act (EMCA), 1999 (Cap. 387) (amended 2015). The subsidiary legislation to the Act, the Environmental (Impact Assessment and Audit) Regulations, 2003, provides the framework for carrying out Environmental Impact Assessments (EIAs) and Environmental Audits (EAs) in Kenya by experts registered and licensed by the Authority. Environmental Impact Assessments (EIAs) should be followed by annual Environmental Audits (EAs) beginning 12 months from the date of commissioning of operations in order to determine the projects’ compliance with regulations and set standards. The purpose of Environmental Impact Assessments (EIAs) is to identify potential positive and negative environmental impacts associated with the proposed project and thus provide recommendations on how to take advantage of the positive impacts on one hand and how to mitigate the negative environmental impacts on the other.

Methodology

The EIA team carried out the assessment using a combination of methods including consultations with the Proponent; ground surveys; review of the project-related documents; interviews with neighbouring residents, Project Affected Persons (PAPs) and business operators among other interested people and groups in the neighborhood regarding the proposed project; and a baraza (public meetings).

Project description

The developer, Tarita Green Energy Limited, an experienced developer in the Kenyan market and a pioneer in Grid scale renewable energy projects, proposes to set up a Green field 195 MW Solar PV Park and a 135 MW Green Hydrogen Electrolysis Plant to manufacture 40,000 mt/ year of green ammonia. The Plant shall be located at the Kenya's North Rift County of Uasingishu at Kaptagat. The project is executed under its SPV Kaptagat Solar Park Limited. The Kaptagat Green Ammonia for Fertilizer Project is an integrated renewable energy and industrial project comprising:

1.
195 MWp Solar PV Plant – Generating power exclusively for captive use.

2.
135 MW Electrolyzer – Producing green hydrogen via electrolysis.

3.
Green Ammonia Synthesis Plant – Converting hydrogen and nitrogen into 40,000 metric tonnes per year of green ammonia. 
The SPV has entered into land lease arrangements for 1400 acres of land where the developments will be undertaken. The plant site is in close proximity to the 132 KV Kabarnet Lessos Transmission line where the project can draw power from to meet its auxiliary power needs.

The green ammonia manufacture through this process is aimed at generating local capacity to meet regional demand for fertilizer, as well as mitigate emissions as a result of the alternative ammonia manufacturing processes.
Baseline information

Emphasis was placed on describing proposed project area and its neighbourhood in terms of resources, air quality, vegetation, land-use patterns, socio-economic activities, population, topography, climate and geology among others so as to provide a basis from which the potential impacts can be predicted. The proposed site for the Proposed Kaptagat Solar Park is located at  Kaptagat in Uasin Gishu Countyalong Eldoret – Eldama Ravine Road, 23 Km off the Eldoret – Nairobi Road. This site consists of two parcels of land with a total area of 761 acres of arable land (commonly known as Kibogy Farm). The larger neighbourhood of the proposed site consists of homesteads farmlands, Cheptigit Secondary School, Cheptigit Dispensary, Kaptagat Forest, Kipchirchir Trading Centre, Eldoret – Eldama Ravine Road, Cheptigit Chief’s office and access roads.

Review of relevant legislative frameworks, relevant literature and project designs and documents

Existing literature on statutory and other requirements was also reviewed. During the assessment, various policy instruments, Acts and Regulations were reviewed to gather information which would help in preparing the project. This review was done in both Kenya policy papers, Acts of Parliament, codes and regulations and international frameworks. Some of the legislations that were reviewed include:

I. Sessional Paper No. 6 of 1999 on Environment and Development
II. National Environmental Policy, 2013
III. Kenya’s Big Four Agenda
IV. Kenya Vision 2030
V. National Energy and Petroleum Policy, 2015
VI. National Spatial Plan 2015 – 2045
VII. Forest Policy, 2016
VIII. Elgeyo Marakwet County Integrated Development Plan (CIDP)
IX. Uasin Gishu County Integrated Development Plan (CIDP)
X. Elgeyo Marakwet County Sectoral Plan
XI. Uasin Gishu County Sectoral Plan
XII. Elgeyo Mrakwet County Spatial Plan
XIII. Uasin Gishu County Spatial Plan
XIV. The Constitution of Kenya, 2010
XV. Environmental Management and Coordination Act, 1999 (Cap. 387), amended 2015
XVI. Environmental (Impact Assessment and Audit) Regulations, 2003
XVII. Environmental Management and Coordination (Waste Management) Regulations, 2006
XVIII. Environmental Management and Coordination (Noise and Excessive Vibration, and Pollution Control) Regulations, 2008
XIX. Environmental Management and Coordination (Conservation of Biological Diversity and Resources, Access to Genetic Resources and Benefit Sharing) Regulations, 2006
XX. Environmental Management and Coordination (Water Quality) Regulations, 2006
XXI. Occupational Safety and Health Act, 2007
XXII. Public Health Act, 1986 (Cap. 242)
XXIII. Energy Act, 2006
XXIV. Energy (Solar Photovoltaic Systems) Regulations, 2012
XXV. Forest Act, 2016
XXVI. Wildlife Conservation and Management Act, 2013
XXVII.  Work Injury Compensation Benefit Act (WIBA), 2007

XXVIII. National Construction Authority Act, 2011
XXIX. County Governments Act, 2012
XXX.  Physical Planning Act, 1996 (Cap. 286) 

XXXI.  Kenya Roads Act, 2007

XXXII. Traffic Act (Cap. 403) 

XXXIII. Building Code, 1997 
XXXIV. Penal Code (Cap. 63)

XXXV. World Commission on Environment and Development (1987) 
XXXVI.  World Bank (WB) Safeguard Policies

XXXVII.  Rio Declaration on Environment and Development (1992) 
XXXVIII. AfDB Environmental Safeguards Policy

XXXIX. International Finance Corporation (IFC) Performance Standards

XL. OPIC – Environmental Guidance Renewable Energy Solar Projects (2012) 
XLI. Sustainable Development Goals (SDGs)

XLII.  Convention on Biological Diversity (CBD)

XLIII. The Climate Change Act of 2016

The writing of this report was adopted from various similar case studies within and outside the area. The proposed project design was heavily relied on in order to have a clear understanding of the proposed project.

Public participation

Public participation was conducted twice and one key stakeholder meeting as per Regulation 17 of EIA/EA Regulation. This consultation was with the Proponent and a public meeting with the neighboring residents and business operators among other interested people and groups. From the public consultation it was evident that the proposed project has high public support and the people have no objection with the project at the site.

Alternatives to the proposed project

Alternatives to the proposed project, site, technologies and construction materials were analyzed based on a cost and benefit criteria; environmental impacts, social acceptability, economics (including productivity of land-use) and design feasibility and included the following options: ‘No Project’ Alternative, ‘Yes’ Alternative (proposed development), technology option, and Alternative Site.

Environmental Management and Monitoring Plan (EMP)
There are Environmental and Social Management and Monitoring Plans (ESMPs) at the end of this report. This plan ensures that environmental impacts are identified and mitigated during all phases of the project.

Recommendations and conclusion

A number of recommendations have been given at the end of the report. The proposed project management is advised to develop an Environmental Policy stating commitment, intentions and principles of action with respect to the environment including compliance with relevant environmental regulations. The experts found out the project to be environmentally sustainable as project’s economic and social benefits were found to supersede the negative impacts. The report concludes that if all the suggested mitigation measures are followed and the recommendations put in place, then the proposed project will not adversely impact on the environment.
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INTRODUCTION

1.1 Background information

The developer, Tarita Green Energy Limited, is an experienced developer in the Kenyan market and a pioneer in Grid scale renewable energy projects.The company programmes include setting up a Green field of 195 MW solar PV Park and a 135 MW Green Hydrogen Electrolysis Plant to manufacture 40,000 mt/ year of green ammonia. The Plant shall be located at the Kenya's North Rift county of Uasingishu at Kaptagat. 

Currently, the project is proposing a 135 MW Green Hydrogen Electrolysis Plant to manufacture 40,000 mt/ year of green ammonia. The main components of the proposed project comprise: (1) establishment of 135 MW Capacity electrolyser for green H2 production, (2) A 40,000 Metric Tonnes a year green ammonia synthesis plant, (3) 195 MW solar PV Park(4) Ammonia Storage Tanks (5) Fertilizer Manufacturing Complex (6) Ammonia and Fertilizer Terminal at the Kaptagat Railway Station (7) 20 Million Cubic Meter Fresh water dam and storage. The SPV has entered into land lease arrangements for 1400 acres of land where the developments will be undertaken. The plant site is in close proximity to the 132 KV Kabarnet Le   ssos Transmission line where the project can draw power from to meet its auxiliary power needs. The green ammonia manufacture through this process is aimed at generating local capacity to meet regional demand for fertilizer, as well as mitigate emissions as a result of the alternative ammonia manufacturing processes.

	Products
	Design hourly Capacity

	Green Hydrogen
	130 MW of Electrolyser

	Green Ammonia Synthesis
	40,000 MT/year plant

	Fertilizer blending plant
	300,000 MT/year of assorted fertilizers


1.2 Project justification

Reducing greenhouse gasses (GHG) such as carbon dioxide (CO2), methane (CH4), nitrous oxide (N2O) and fluorinated gasses is the overall aim in today’s ambitions “to limit global warming to well below 2, preferably to 1.5 degrees Celsius, compared to pre-industrial levels”. This became legally binding as an international treaty on climate change during the 21st UN Conference of the Parties (COP, COP21) in Paris in 2015. As such Figure below shows a high-level overview regarding considerable options to support reaching the goal of limiting GHG emissions as well as the focus of this report indicated with the green frame: green ammonia synthesis by using renewable electricity.

Green ammonia production in Uasin Gishu County, Kenya, is highly justified due to its significant agricultural, environmental, and economic benefits. Uasin Gishu is a key agricultural hub in Kenya, known for producing crops like maize and wheat, which require ammonia-based fertilizers to boost yields. By producing green ammonia locally, the county can ensure a stable, sustainable supply of fertilizers, reducing dependence on costly imports and protecting against global price fluctuations. The region's potential for renewable energy, particularly from solar and wind, makes it an ideal location for green ammonia production. The process of producing green ammonia involves using renewable energy to generate hydrogen from water, which is combined with nitrogen from the air, resulting in a clean, sustainable fertilizer. This contrasts with the traditional, carbon-intensive Haber-Bosch process, which relies on fossil fuels. By adopting green ammonia, Uasin Gishu can significantly reduce greenhouse gas emissions, contributing to Kenya's climate change goals and commitments under international agreements like the Paris Accord. 

Additionally, green ammonia production would create new jobs in both the ammonia production sector and renewable energy infrastructure development. This would boost the local economy and provide an affordable, locally-produced fertilizer for farmers, supporting food security in the region. The process also serves as an energy storage solution, allowing surplus renewable energy to be stored and later used, enhancing grid stability. Moreover, green ammonia aligns with Kenya’s goals of promoting sustainable agriculture and environmental conservation. It supports the transition to eco-friendly farming practices, reduces soil degradation, and promotes a circular economy by using renewable inputs. The project would also attract investments, as it fits well with Kenya’s Vision 2030 and the government’s push for clean energy and sustainable development.
1.3. Rationale for ESIA

1.3.1. Purpose of the ESIA

The proposed project is Kaptagat Green Ammonia Greenfield. It is classified as a high-risk Project under the Second Schedule of section 58 (1), (2) of EMCA, 1999 (Cap. 387), amended 2015, specifically under sub section 9 (e) fertilizer manufacturing or processing. Given the significant social concerns and high public interest associated with this project, both beneficial and adverse environmental impacts cannot be underestimated. Therefore, an Environmental and Social Impact Assessment (ESIA) study is required before implementation. This requirement is in line with Part VI, Section 31 (3) (a) (i) and (ii) of the Environmental (Impact Assessment and Audit) Regulations, 2003, which mandates environmental assessments for all upcoming projects. The ESIA provides baseline information essential for subsequent environmental assessments and addresses mitigation options for potential impacts. The primary purpose of an ESIA is to help the Proponent, NEMA, and other stakeholders understand the potential environmental consequences of the proposed project, thereby enabling informed decision-making.

1.3.2.  Objectives of the ESIA

· To comply with EMCA, 1999 (Cap. 387), amended 2015;

· To identify and assess the potential environmental and social impacts of the proposed project.

· To propose mitigation measures to minimize adverse impacts.

· To engage stakeholders and consider their inputs in the project planning and implementation.

· To provide a basis for decision-making to reviewers, the Authority and all other stakeholders.
1.3.3. Scope of Work

The ESIA will include, but not be limited to, the following tasks:

1.3.4. Terms of Reference 

The EIA is to be undertaken in accordance with the requirements of the Government of Kenya in conformity with the National Environment Management Authority (NEMA) guidelines following the requirements of the Environmental Management and Coordination Act (EMCA), 1999 and EMCA amendment Act 2015 No 5 of 2015 and regulation 2018 which makes it mandatory for such projects to undergo an Integrated Environmental Impact Assessment study taking into account inter alia environmental, social, cultural, economic, legal, safety and health considerations, and shall be required to: 

· To collect baseline socio economic data of the project area and potential impact expected from the project planning, construction, operation and decommissioning phases of the project.

· To review existing policy, legal and institutional framework and environmental management as relates to the project

· To identify and contact stakeholders, plan and undertake participatory stakeholders and public consultation as may be appropriate. Ensure that the public participation and stakeholders’ engagement is legally and procedurally conducted.

· identify and analyze alternatives to the proposed project;

· A description of the environment likely to be affected by the project through identification and protection of Environmental Sensitive Areas (ESA) which is key in detailed biodiversity assessment.

· the environmental impacts analysis of the project including direct, indirect, cumulative, irreversible, short-term and long-term impacts anticipated, social analysis, economic analysis and cultural analysis;

· Provision of an action plan for the prevention of foreseeable accidents, occupational diseases and management of hazardous activities in the course of carrying out activities of the project;

· Propose mitigation measures to be taken during and after the implementation of the project; and cost estimates for all the identified negative impacts of the project 

· Undertake Climate change risk and vulnerability assessment as per requirements of Climate Change Act 2016 – with appropriate climate change mitigation and adaptation measures.

· An agreed Resettlement Policy Framework developed through an inclusive participation and consultative process of the Project Affected Persons (PAPs) where necessary. 

· Recommended safety distances to the surrounding facilities for the highly flammable and explosive hydrogen and ammonia production plant and associated storage and handling facilities.

· an environmental management plan proposing the measures for eliminating, minimizing or mitigating adverse impacts on the environment; including the cost, time frame and responsibility to implement the measures;

· Develop an elaborate chemical emergency response plan. Provide detailed description of chemical storage and handling procedures.

· Ensure to engage multi- disciplinary team of experts that include chemical specialist, geologist, hydrologist, sociologist among others.

· Detailed Hazard and Operability (HAZOP) study and Layer of Protection Analysis (LOPA) to identify and address potential hazards in hydrogen and ammonia production industrial processes.

· To gather and provide any other data and information that will be useful or may be required for ESIA by NEMA 
1.3.5. Methodology

· Data Collection: the team will use primary and secondary data sources, including field surveys, consultations, and review of existing literature. 
The team first conduct Environmental screening to determine the necessity and level of the ESIA process; Extensive site tours to physically inspect and document existing facilities and structures at the site and natural and socio-economic features of importance within and outside the proposed site; Interviews and consultations with government officials, the project management team and neighbouring residents and business operators among other groups in the neighbourhood;

· Analysis: Apply qualitative and quantitative analysis methods to assess impacts.

· Reporting: Prepare a comprehensive ESIA report, including an executive summary, main report, ESMP, and SEP.
· Desktop studies for documentary review on the nature of the activities of the proposed projects, proposed projects related documents, plans, designs, policy and legislative frameworks as well as the environmental setting of the area amongst other things.

· 3 baraza (public meeting) on Wednesday, AUGUST 27, 2024; SEPTEMBER 19, 2024 and SEPTEMBER 30TH 2024 with the interested and affected persons (see attached minutes); 
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PROPOSED PROJECT DESCRIPTION AND LAYOUT PLAN
2.1 Introduction

This chapter describe the project, the location and layout plan.
2.2 The proposed project location and its neighbourhood

The Proposed Kaptagat Solar Park site is located at Cheptigit in Kaptagat Ward in Ainabkoi Sub- County in Uasin Gishu County. The site is approximately 27 Km East of Eldoret Town. The site generally lies at the border between the two counties. The geographical coordinates are 0.407524, 35.474704/0° 24' 27.0864'' N, 35° 28' 28.9344'' E. The proposed site consists of two parcels of land with a total area of 761 acres of arable land (commonly known as Kibogy Farm – Figure 2.1). Location map of the proposed plant site;
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Layout Map of proposed infrastructure from port to proposed plant

Size or Magnitude Of Operation: The green ammonia plant will have an annual production capacity of about 40,000 MT, powered by 195 MW of PV Solar Park The site comprises two blocks: Block A (601 acres) on the right of the Eldoret – Eldama Ravine Road and Block B (160 acres) on the left. The Kaptagat Solar Park will occupy about 350 acres of the available 480 acres, leaving ample land for other uses. River Kipsenende passes through Kibogy Farm, the proposed site is also near  three swampy areas. The project design avoids construction near these water bodies and the riparian reserve. A local footpath through Block A links Cheptigit Dispensary to the main road, but since the land is private, the public is advised to use designated roads to prevent accidents and reduce theft risks. The site is accessible from Eldoret – Eldama Ravine Road, with nearby landmarks including homesteads, Cheptigit Secondary School, Cheptigit Dispensary, Kaptagat Forest, Kipchirchir Trading Centre, and the Cheptigit Chief’s office.
2.3 PROJECT DESCRIPTION

The key goal of current climate efforts is to reduce greenhouse gases (GHGs) like CO2, CH4, N2O, and fluorinated gases to limit global warming to well below 2°C, preferably 1.5°C, above pre-industrial levels. This was established as a binding international treaty during COP21 in Paris in 2015. The figure below outlines key strategies to limit GHG emissions, with a focus on green ammonia synthesis using renewable electricity, as highlighted in this report.
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Production paths for green hydrogen and hydrogen derivatives

Within this report the boxed frames in full green lines are the most important ones: the route from renewable electricity, over hydrogen production, towards ammonia production.

Type of the Project: The proposed project is a green field project that has an element of PV as well as chemical manufacture and distribution. The Project will include following different facilities:

The 195 MW Solar PV Park, the 130 Mw Electrolyser, The 40,000 MT/year Ammonia Synthesis plant, Chemical Fertilizer blending Industrial Park, Storage for Ammonia & Phosphoric acid. The developer has also considered options of transporting liquid ammonia from the plant to the end users by road as alternate/additional mode of transportation, along with Rail.

195 MW SOLAR PV TECHNICAL INFORMATION

PROJECT CONCEPTUAL DESIGN

The conceptual design has been prepared to enable Kaptagat Solar Park Ltd understand the available solar power technologies in preparation of the implementation of the project. A site description has been done and major system components are described and selection of the best equipment available in the market is carried out, detailed specifications for equipment is provided including their operations and maintenance requirements. The solar field design of annual energy production and auxiliary consumption of the plant is shown as a result of technical and economic analysis. The sizing of the electrical Low Voltage system, Medium Voltage system and civil component of the plant is presented with the preliminary designs. The plant has been designed for optimum generation of electricity and optimum land use to reduce expenditure on land and cabling. Drawings detailing the design of the plant have been prepared and are attached below.
[image: image127.png]


PV layout
General Description of the system

Kaptagat Solar power site is capable of generating 195 MW ac of power. The power generated from the 195 MW ac PV plant at 0.415kV is stepped up to 220kV with help of a step up substation. The 220kV power is then stabilized at the step-up substation at the site before transmission. Below is the system design summary.

	Description
	Units

	Installed Capacity DC
	195 MW p

	Installed Capacity AC
	195 MW ac

	Annual Energy Yield
	391,250 MWh

	Performance Ration
	78.7%

	Inclination
	10 degrees

	Orientation
	South West

	Azimuth
	0 degrees

	Capacity Factor
	20.04%


The site is very close to the equator, a 10 degrees inclination has been chosen to allow self- cleaning of the modules during rainy season.

A fixed installation type has been chosen for this system. It is believed that more power will be generated if a tracking system is employed; however, a tracking system will demand for more land space, extra civil works, more auxiliary energy consumption and increased O &M costs. Additional investment costs cannot be avoided due to purchase of tracking equipment, civil works & installation costs; increase in cost is estimated to be between 10-15% if a tracking system is incorporated.

Description of the plant components

The main components of the plant are as detailed in this section

Selection of PV modules: It is proposed that photovoltaic modules to be selected shall be designed and manufactured according to IEC 61215 and to Class II as electrical classification. The manufacturer shall also be certified to ISO 9001:2008 and ISO 14001:2004 quality and environmental management systems. A suitable photovoltaic module should be efficient, easy to install, suitable size and based on state-of-the-art technology with maximum reliability. There are many manufacturers of solar modules in the market today. To select the best solar photovoltaic modules one should consider not only the cost but also the following factors:

Tolerance: This range shows the percentage deviation of a panel's power output in real conditions from its rated power under standard testing.
Temperature co-efficient: The temperature co-efficient rating is important to determine what the impact heat has on a solar panel’s operation once installed.

Conversion Efficiency: The efficiency of conversion of light energy into electrical energy

PID resistance: PID stands for potential-induced degradation. Caused by stray currents triggered by certain climate conditions; the phenomenon can cause substantial power loss. A good solar panel will display little or no PID.

LID resistance: LID stands for Light induced degradation; a process that occurs in the first few months after a solar panel is installed. While this stabilizes after a period, it can reduce the amount of power the panel produces. A good solar panel will have little or no LID.

DURABILITY: The durability or longevity of a solar panel warranty is crucial as it reflects the manufacturer’s confidence in its products. Reputable solar panels typically come with a performance warranty of 25 years. However, warranties are only valid as long as the company remains in business, making it important to choose manufacturers with a proven track record of supplying photovoltaic panels for major projects and a reputation for reliability. The figure below lists the top ten solar panel manufacturers that supplied panels for major global projects between 2008 and 2013.
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Selection of Inverters: Inverters are a critical component of a grid-connected solar power plant, as they convert the direct current (DC) from photovoltaic panels into alternating current (AC) for grid connection. Beyond conversion, inverters also perform various functions to optimize the plant’s output.
Inverters can be classified as follows:

According to the number of phases –Single phase and three phase

System Configuration- central inverters (Large-scale) and modular inverters mini-Central concept is for small scale units.

Mounting Systems: The photovoltaic modules will be mounted on ground-fixed structures with a tilt of 5° to enhance self-cleaning, despite the site’s latitude being 0.77°. The mounting system will use aluminum frames supported by hot-dip galvanized steel profiles with a 45 μm coating for corrosion resistance. Prefabricated for easy installation, these structures will be anchored with concrete and designed to withstand a maximum wind speed of 6 m/s at 10 meters above ground. The recommended support structure is shown in the figure below.
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The design and installation of the mounting system should allow for thermal expansion, expansion joints should be employed where necessary in long sections, so that modules do not become unduly stressed. For purposes of this study Tarita analysed selected the use of a fixed support structure due to the following reasons:

· Tracking would require more land hence increasing the capital cost of the project

· Solar trackers are slightly more expensive than the fixed system, due to the more complex technology and moving parts necessary for their operation.

· Tracking increases the maintenance cost and down time due to moving parts of the tracking system

Monitoring system

The monitoring system shall be equipped with the transmitting equipment and user-friendly software, required to display the main variables of the facility through the Internet. The monitoring system allows the customer to control online the investment from any place that has an Internet connection. It can also be used to carry out a training program, to analyse reasons for malfunctioning, based on the acquired data. On the other hand, this online control provides the possibility to analyse and optimize key electrical parameters to keep the PV installation in perfect operating conditions (very useful for the maintenance team).

The monitoring system for the power plant shall interconnect all inverters and concentrate all information in the control building.

Solar PV System Sizing: The conceptual design of the Kaptagat Solar Park power plant comprises of 21 blocks of 2MW each which form a transformer station. This section describes the design of each of the 2MW blocks or a transformer station.

PV Arrays: The solar panels are connected in series to form the strings. Each string is composed of 23 PV modules.

DC combiner boxes: In view of the foregoing calculations, it is evident that for the selected inverter and photovoltaic module type, optimal performance can be achieved with a combination of 23 modules per string combined through clustering to a total of 138 modules for each inverter. The output of the DC combiner box is connected to the inverter. The inverters have a group of fuse disconnectors to protect the DC lines between the DC combiner box and the inverter.

Inverter Stations: The inverter proposed for the purpose of conceptual design is the ABB Pro 33.0TL inverters. Sixty of the ABB Pro 33.0TL inverters form the basic unit of the 2MW blocks. In total, 1226 inverters are to be installed. The inverters are to be of the free standing outdoor type to be installed along the 7m wide roads.

Transformer stations: The output of each inverter at 400V is to be stepped up to 11kV through 0.4/11kV step up transformers. Each 2MW inverter block is to be fitted with 2MVA transformer station. 
Ring Collector Networks (DBs): In order to effectively collect the generated power to the main grid interconnection substation, a total of three collector circuits is proposed. Each collector circuit will comprise seven transformers stations.

The 11KV Switch Station: The solar field switch station is to be housed within the main control building of the solar park. The switch station is to comprise of 11kV indoor Metal Clad Air Insulated Switchgear with SF6 type Circuit Breakers. The switch station is to comprise of 8No x 630A 11kV Incomer Circuit Breakers, 1No x 3150A Bus Section Circuit Breaker and 2No x 2000 Outgoing Circuit Breakers. The short circuit rating of all 11kV Switchgear is to be 25kA (3s). Each of the 8No x 630A Incomer circuit breakers is to connect a collector ring circuit to the 11kV busbar. The 2Nox 2000A outgoing circuit breakers are to connect the output of the solar park to each of the two 23MVA 11/132kV step up transformers for connection to the grid as shown in the conceptual design drawings.

Cabling and Stringing Arrangements: This section outlines the proposed selection of power cables and proposed method of installation. For the purpose of conceptual design, cabling is comprised of the following main sections:

PV array to DC Combiner Box: Cables used for the purpose of preliminary design for this section are 95mm2 single-core copper. Power systems analysis shows that voltage drop through this section is 0.6% while power loss through each section is 1.2kW. 

DC Combiner Box to Inverter Stations: Cables used for the purpose of preliminary design for this section are 240mm2 single-core copper. Power systems analysis shows that voltage drop through this section is 0.1% while power loss through this section is about 1.1kW which is equivalent to 0.1% of the total power flowing through the section.

Inverter stations to Distribution boards Distribution boards t Transformer Stations: Cables used for the purpose of preliminary design for this section are 240mm2 single-core copper. Power systems analysis shows that voltage drop through this section is 0.1% while power loss through this section is about 10.4kW which is equivalent to 1.1% of the total power flowing through the section.

Transformer station to Collector Ring Circuits: The cable chosen for the section from the medium voltage switchgear of the package substation to the next substation is a 185mm² 3-core copper Steel Wire Armoured (SWA) XLPE insulated underground cable, with negligible voltage drop and power loss of about 0.1 kW. For the section from the last transformer station in a ring to the 11kV indoor bus of the solar field switch station, a 300mm² 3-core copper XLPE underground cable is selected. This section experiences a voltage drop of about 0.1% and a power loss of 4.3 kW.
Process/Project Description: Green Ammonia: After Fichtner evaluated several potential suppliers a design review was done. It was discovered that there are “full system suppliers”. These units only require water, air, and electrical power to produce ammonia. Everything else will be delivered by the supplier.

Technical predesign
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Basic block flow diagram of ammonia equipment.

The above image shows a basic block flow diagram of the equipment and media which can be found in an ammonia producing unit. In phase one of the project the transport will not be further evaluated. The produced ammonia will be further processed for fertilizer mainly, among other derivatives.

Critical review and evaluation of Client’s system concept

The electricity shall come from solar power generated at the Captive Kaptagat Solar PV parks. The goal is to produce green ammonia. Therefore, it is necessary to find suitable vendors for different kinds of equipment. This is for example electrical transmission, nitrogen generator, electrolysis units, compressors, storage tanks and other critical facilities. All these have different requirements considering power supply, sizing and of course interfaces. Additionally, the qualities of gasses such as nitrogen and hydrogen must be considered as well. All this could lead to several bottlenecks and a high amount of engineering work. Therefore, we highly recommend a “full system supplier”.

Electricity supplier: The source of power shall come from the 195 MW captive Kaptagat Solar Park.

Water supplier: The project water supply shall be fresh water mainly drawn from the Kaptagat Forest rivers and tributaries. The water shall be abstracted and channeled to existing colonial era dams at the project sites. The dams are currently heavily silted, and shall be de-silted to facilitate bulk water storage. Other sources of the water shall include eldowas.

Electrolyser supplier OEM1 and OEM2: OEM1 and 2 is an electrolysis unit supplier. It uses Anionen Exchange Membrane (AEM) as hydrogen producing technology. The electrolyte is 1% KOH (potassium hydroxide). Currently no units within MW scale are available right now. The first one is to come at the beginning of 2024. However, because of interesting technology features (high efficiency and high responsiveness) OEM12 is seen as a potential supplier in further phases of the project.

Full system suppliers: For phase one the idea is to select one OEM which can provide all required facilities for ammonia production. As such, two potential OEMs have been contacted already: OEM1, and OEM2. Both are vendors of full systems. This means that these suppliers offer a hydrogen generator, a nitrogen generator, water treatment and the ammonia synthesis as containerized solutions.
Figure below shows an exemplary setup of the OEM1 ammonia synthesis system [028]. It starts with the nitrogen (N2) generator at the left, then the hydrogen (H2) generator, and the ammonia (NH3) synthesis loop as well as the ammonia storage.
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Block flow diagram of the production facility

Figure below shows a generic block flow diagram of an ammonia plant.
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Table below provides an overview of the requirements and production rates of this specific unit from OEM1.

	Medium
	Unit
	Demand
	Outcome
	Storage tank included

	Groundwater
	m³
	tbd
	
	

	Nitrogen
	m³
	
	
	1610

	Cooling water
	m³/h
	1.1
	
	

	Hydrogen
	m³
	
	
	3000

	Ammonia
	m³/day
	
	1300
	7782

	Oxygen
	m³/h
	
	105
	

	Air
	m³/h
	tbd
	
	

	Electrical power
	MW
	1.5MWp
	
	


Optimization of the concept in line with operational & energy-economic requirements

The H2-Optimizer is designed for techno-economic evaluations of hydrogen (H2) and power-to-X (PtX) value chains, use cases, and business models. Utilizing state-of-the-art mixed integer linear programming (MILP) and solved with CPLEX, it concurrently optimizes system sizing and operation. The figure below illustrates the structure of Fichtner’s in-house software for optimizing complex hydrogen-based systems.
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H2-Optimizer overall structure

The main components within the H2-Optimizer are:

Multiple locations of solar PV & wind; Hydro power; Other renewables (e.g. biomass); Concentrated solar power (CSP); divided into solar field and the thermal receiver; thermal energy storage (TES); re-electrification through a steam turbine; an optional electric heater to allow usage of excess renewable power, and an optional backup heater to allow use of hydrogen to heat the TES during periods with excess hydrogen; Electrical energy storage such as battery or pumped hydropower; Electrolyser; Hydrogen storage; Desalination; Water storage; Air separation unit (ASU) to provide Nitrogen (N2) out the ambient air; Nitrogen storage; Direct air capture (DAC) to provide Carbon Dioxide (CO2) out of the ambient air; Ammonia production (Haber Bosch synthesis); Ammonia storage, and Methanol production.

Shows our suites of powerful in-house and commercial simulation and optimization tools to define a standardized way to assess complex hydrogen or PtX problems.[image: image12.jpg]I — i
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Suite of powerful in-house and commercial simulation & optimization tools

Figure and table below show the most important details being considered for proper energy system modeling solving the according optimization problems.
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Specification of main systems
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Figure below shows an exemplary single line diagram for the overall system. As such it shows the different kV levels within such a system. A special focus is set on typical battery limits from a power generation, transmission, and consumption perspective.

Exemplary single line diagram for the overall system.

For a solution envisioned in phase I and potentially in phase II, the use of one step-down transformer at the green hydrogen production facility might be acceptable to provide electricity for the hydrogen as well as ammonia production units. Once the scope between hydrogen and ammonia production is separated to different OEM’s also using separate step-down transformer might be necessary to separate the two tasks and to minimized interface issues. Alternative also a dedicated electricity management OEM could be brought on board which of course would increase interface management between electricity, hydrogen, and ammonia OEM.

Process/Project Description: Fertilizer

The NPK complex manufacturing plant uses ammonia, MOP, phosphoric acid, and sulphuric acid as main raw materials along with urea & some other additives as filler material. There are many Process technology having proven track records. Following major Process technologies are available worldwide:

Pre neutralizer (PN) Process: This was the conventional process employed in 70’s. It produces a more spherical product, but a very high recycle ration 6.8:1 for DAP and 3.5-5:1 for NPKs.

Pipe Reactor (PR) Process: A single PR is installed inside the granular. Its main advantage is the low recycle ratio (3.6-4:1 for DAP and 2.3:1 for NPKs, the low product moisture, the high product hardness and the system simplicity. For NPKs and small DAP plants (up to 50 TPH) is the preferred process, whereas for large DAP plants mixed process is preferred due to heat balance imitation.

Dual Pipe Reactor System: In this system one PR is installed in granulator and another one is dryer, to split part of the heat. It operates at low recycle 3.5 – 4:1, but main problem is dryer poor performance, dust production, final product contamination and excessive duty for cyclones and scrubbing system.

Mixed  Process  PR+PN:  This  technology  from  INCRO is one of the best process for large DAP/NPK plants, since it splits the heat between PN and PR, operates at low recycle 4:1 and produces a more spherical product than any PR only process. It also provides flexibility to produce any NPK grade, with PR or PR+PN. Out the technologies mentioned above, TARITA is considering Mixed Process PR+PN technology in view of its advantages over the other technologies for intended level of production. This technology can provide flexibility of producing various grades of NPK from the proposed plant as per the marketing scenario.

Project description

There are following major sections of the production process: Raw Material Feeds, Slurry Preparation and Granulation, Pre-neutralizer, Pipe Reactor, Granulation, Drying, Screening & Drying, Final Product Conditioning, Dust and Fumes Collection, Scrubbing

Raw Material Feeds

Phosphoric acid (50-54% P2O5) is pumped from the storage tank to various plant destinations, including the pipe reactor tank, granulator pre-scrubber tank, scrubber tank, and occasionally the preneutralizer reactor. Liquid ammonia is pumped from storage to the ammonia heater, then to the pipe reactors, granulator ammonization system, ammonia separator vessel, and occasionally to the preneutralizer.

Sulfuric acid is used for pH and N/P control and can be fed to the preneutralizer, granulator, granulator pre-scrubber tank, scrubber tank, and tail gas scrubber.

MOP, urea, filler, and off-spec product are transported from their storage building to the plant via common conveyors. Inside the plant, a rotary diverter directs these materials to their respective bins. The quantity of raw materials added to the granulation loop is controlled by variable speed electronic feeders for urea, potash, filler, and off-spec product.

lurry Preparation and Granulation

NPK fertilizers without urea are produced in pipe reactors, where 100% of the ammonium phosphate/sulphate slurries are generated. For DAP production, a molar ratio of N/P = 1.4-1.5 is achieved at 135-145°C by neutralizing 42-44% P2O5 phosphoric acid (and some sulfuric acid) with liquid ammonia. For general NPK production, a molar ratio of N/P = 1.4-1.5 is reached at 130-140°C using 40-42% P2O5 phosphoric acid and liquid ammonia.

NPK fertilizers with high urea content are produced using a pre-neutralizer reactor, where 100% of the ammonium phosphate/sulphate slurries are prepared. In a mixed process, slurries are produced by both pre-neutralizer and pipe reactors. In the pre-neutralizer, a molar ratio of N/P = 1.4-1.5 is achieved at 115-125°C by neutralizing 33-40% P2O5 phosphoric acid, small amounts of sulfuric acid, and vapor ammonia (occasionally liquid ammonia).

Pre-neutralizer

In the pre-neutralizer, gas ammonia reacts with phosphoric acid, aided by an agitator to enhance ammonia absorption, ensure uniform temperature and reaction, reduce foaming, and maintain solids in suspension during short shutdowns. The pre-neutralizer's design features high freeboard, efficient reactant mixing, minimal ammonia losses, and a smaller diameter lower section to maximize P2O5 solubility.

Two pumps with independent piping systems deliver the ammonium phosphate slurry from the pre-neutralizer to the granulator. This setup allows for maintenance or washing of one line while the other remains operational, improving the on-stream operating factor. The variable speed slurry pumps are controlled by variable frequency drives, eliminating the need for control valves.

Acid fed to the pre-neutralizer consists of phosphoric and sulfuric acids from the scrubbing system. Generated gases are directed to the Fumes Pre-Scrubber to recover most of the ammonia losses.

Pipe Reactor

In the pipe reactors, liquid ammonia reacts with phosphoric acid. The reactors, which include a mixing head and a distribution pipe directly installed in the granulator drum, facilitate this process. For NPK production, both installed pipe reactors (PRS) operate simultaneously, though one may suffice for some grades. The acid used in the pipe reactor comprises fresh phosphoric acid and a mixture of phosphoric and sulfuric acids from the scrubbing system.

The pipe reactor is equipped with flow controllers for both acid and ammonia, with the acid fed by variable speed pumps. Liquid ammonia helps regulate the granulator temperature, crucial for DAP production. The residence time in the pipe reactor is brief, preventing the formation of insoluble P2O5 or compounds with excessive bonded water.

An automatic cleaning system allows for quick flushing with medium pressure steam during unexpected shutdowns or scheduled maintenance, taking less than a minute and without halting the rest of the plant.
Granulation

The granulation system converts slurry and solid raw materials into granular fertilizer with the desired composition and size. In the drum granulator, phosphate slurries are sprayed onto a bed of dry materials (urea, potash, filler, fines, crushed oversize, and returned product). The slurry is sprayed either directly from the pipe reactor or via pre-neutralizer pumps with spray nozzles.

The granulator’s rolling action ensures even slurry distribution, producing uniform, hard, well-rounded granules. The granulator is inclined to facilitate the transfer of recycled material and has four emptying doors for bed depth adjustment and maintenance.

An ammonia system injects liquid ammonia deep into the solids bed to complete acid neutralization and promote water evaporation. Rubber hoses supported from the main beam avoid lumps and ensure homogeneous ammonia distribution, reducing granulator power consumption. Two independent pipes with sprays are available for adding sulfuric acid and water.

The granulator is lined with rubber panels and equipped with an apex scraper and a lumps kicker to prevent build-up and ensure smooth flow. The kicker moves lumps to a grizzly for disintegration. The final product, with 2-3% moisture, is gravity-fed to a dryer to achieve the target moisture of 1.0-1.5%. Gases from the granulator are directed to the fumes pre-scrubber to recover dust and ammonia.

Drying

In the rotary drum dryer, solids are lifted and cascaded through a co-current flow of hot air from the combustion chamber, which is fired by fuel oil (FO). The combustion air fan supplies air for combustion, while quench air, propelled by a fan, cools the combustion gases to an appropriate temperature. Hot gases entering the dryer are about 120-180°C for NPKS with urea and 130-250°C for NPKS without urea. The firing rate is controlled based on the dryer outlet gas temperature (90-105°C) or, for NP products with high urea content, the dryer inlet gas temperature.

At the dryer discharge, the product flows through a bar grizzly equipped with a lumps lifter. Smaller and broken lumps pass through, while harder lumps are elevated and fed to the lump crusher. Crushed lumps are returned to the dryer exit belt conveyor, which also feeds the screen feed elevator. The dryer exit gas, containing some dust, is cleaned by cyclones and recycled. The conveyor has a throughput weigher and a magnetic separator to remove metallic parts that could damage equipment, before the solids fall by gravity to the exit dryer elevator.

Screening and Crushing

The plant uses vibrating oversize process screens to separate oversized material. The dryer elevator feeds these screens, which have screen diverters with electrical actuators for maintenance or partial emptying. Each screen is equipped with a dedicated vibrating feeder to ensure even distribution of the feed.

Oversize screens separate material larger than 4 mm, which is crushed in double rotor chain mills and then discharged onto the recycle conveyor. The crushed product is reintroduced into the process. Material less than 4 mm is directed to single-deck undersize screens, which separate fines below 1 mm, sending them back to recycle.

The on-size product from all screens is collected by recycle regulator conveyors, which adjust the amount of product for production. The extraction rate is controlled by the recycle regulator belt weigher from the DCS control room. Excess on-size product overflows from the recycle regulating hoppers onto the recycle conveyor.

The recycle conveyor receives:

Dust from cyclones

Fines from undersize screens

Crushed oversize from mills

Overflow from recycle regulator conveyors

Fines from the polishing screen

The conveyor is designed to operate at low speed to prevent mechanical issues and is dust-tight to avoid emissions. It discharges onto the Recycle Elevator, which feeds recycled and solid raw materials back into the granulator drum.

Final Product Conditioning

Product from the Recycle Regulator Conveyors is fed by gravity into the Cooler Drum, a counter-current rotary type. The cooling air, provided by the Air Cooler Impulsion Fan, is chilled as follows:

Without PN: Air is slightly chilled in the E.G. Air Chiller using 50% Ethylene Glycol (EG) after heating the cold liquid ammonia.

With PN: Air is first chilled in the E.G. Air Chiller and then further chilled in the Cooler Ammonia Air Chiller using ammonia vaporization.

The rotary cooler has a fines screw conveyor at its feed end to move fines and dust to the screen feed elevator. To prevent moisture absorption by the final product, the air is conditioned with a downstream cooler air chiller and air heater, especially crucial for hygroscopic NPK/NP products.

Dust from the cooler is recovered by cyclones and returned to the recycle conveyor. Approximately 55-65% of the air from the cooler cyclones is sent to the cooler & de-dusting scrubber, while the remaining 35-45% is recycled to the dryer for improved energy efficiency.

The rotary cooler discharges cooled product to the final product elevator, which lifts it to the polishing screen. Fines under 1 mm are returned to recycle, while commercial-sized product (1-4 mm) moves to the coater drum. Coating oil, typically amine or wax, is added to prevent caking and improve storage stability. The oil, kept at 70-80°C, is pumped into the coater drum through steam-heated pipes and spray nozzles. After coating, the product is transferred to the final product belt conveyor for storage or export.

Dust and Fumes Collection

In the plant, all process equipment operates under slight negative pressure to prevent the escape of unreacted ammonia, gases, and dust. Air from the pre-neutralizer, pipe reactor, and granulator is vented to the granulator fumes pre-scrubber, where ammonia and most dust are removed by reacting with phosphoric acid in the circulating scrubber solution. The cleaned air then flows to the granulator scrubber for additional ammonia and dust removal before being exhausted through the double-step tail gas scrubber for fluorine recovery and further cleaning.

Air from the dryer is first filtered through cyclones to remove dust, which is returned to the recycle conveyor. The remaining gases are then scrubbed in the dryer scrubber, and the exhaust is sent to the final tail gas scrubber for additional ammonia, dust removal, and fluorine recovery.

Dust from solids handling equipment (e.g., conveyors, elevators) is collected in dedusting cyclones and then washed in the cooler & dedusting scrubber. Air from the rotary cooler, which contains some dust, is cycloned to remove most of it. Approximately 35-45% of this air is recycled to the dryer, while the remaining 55-65% is washed in the cooler & dedusting scrubber along with gases from the dedusting cyclones.

Scrubbing

The plant features an advanced scrubbing system designed to remove gas stream effluents and recover nutrients, enhancing plant efficiency. The system includes three stages:

    1st Step: Granulator pre-scrubber, a low-pressure venturi with a cyclonic tower scrubber and duct scrubber.

    2nd Step: Granulator scrubber, dryer scrubber, and cooler & dedusting scrubber, all venturi scrubbers with cyclonic separator towers.

    3rd Step: Tail gas scrubber, a two-step system with a duct washing scrubber and a packed tower scrubber.
Raw Material required

The Fertilizer Complex requires the following annual raw materials, as summarized below. Quantities are based on maximum specific consumption for different NPK grades at 100% plant load:

Phosphoric Acid (100%): 400,000 MT

Ammonia: 220,000 MT

MOP: 480,000 MT

Sulphuric Acid: 250,000 MT

Additionally, other raw materials sourced indigenously include FO Fuel, Filler/Urea, Defoamer, Coating Oil, Ethylene Glycol, Raw Water/Fire Water, and Nitrogen, required in smaller quantities.
Resource Optimization/ Recycling and Reuse Envisaged in The Project

The NPK plant has zero raw material wastage during normal operations. Spillages are collected in sump tanks and reused, while solid waste is reintroduced into the process. The technology includes systems to recover and recycle nutrients from emissions and waste.

To address environmental concerns, the project will implement environmental monitoring plans to ensure safe operations. Potential construction impacts include site preparation, material transportation, infrastructure construction, and equipment installation. These will be managed by contractors under agreements with TARITA/EPC.

Operational impacts include feedstock/product transport and storage, production processes, and waste management. Environmental controls will meet Andhra Pradesh Pollution Control Board (APCB) standards.
2.4. Description of the proposed project activities

Once the proposed project is approved and licensed by the Authority, it will have three main overlapping phases: construction and/ or installation, operation and decommissioning.

2.4.1. Construction material and labour input

The construction works will take in considerable amounts of artificial and natural materials. The materials to be used have to conform to KEBS requirements for quality. Therefore, material such as building blocks will be taken for testing and approval by relevant departments at the Public Works offices before they will be used for construction. Some building materials such as building blocks, sand and ballast will be kept outdoors at the site while others such as cement, nails and paints will be kept indoors in lockable stores to be established at the site since they are easily destroyed by rains or direct sunshine and are vulnerable to theft because they can easily be carried away. A simple store can be made of iron sheet walling and roof with the iron sheets supported on wooden posts and rails using roofing nails. Storage and handling of all hazardous materials will be done in accordance with their manufacturers’ instructions as outlined on their material safety data sheets. Usage of materials will have both beneficial and adverse impacts on the environment. Both on-site and off-site impacts are anticipated from extraction and usage material. The most common of these impacts are income circulation in the economy, creation of employment opportunities, off-site depletion of materials, land degradation, pollution, excessive demand on materials and health hazards. Even though sources of construction materials have not yet been established and whereas the delivery of materials will be done through contractual or sub-contractual agreements in accordance with appropriate procurement regulations in order to ensure high standards and ensure superb value for money, it is expected that construction materials such as sand, reinforcement stones, building stones, bricks, ballast, hardcore, timber, poles and hardware materials will locally be sourced where available. The purchase of materials from the local suppliers will help boost the local economy and will save the developer the costs of transporting the materials from other distant areas. Sources of construction materials depend on the contractual agreements between the Proponent and the contractors, their availability and the priorities of the person sourcing the material. 
2.5. The Climate Change Risk and Vulnerability Assessment
The Climate Change Risk and Vulnerability Assessment for the green ammonia fertilizer production facility outlines potential climate impacts, risks, and vulnerabilities specific to the facility. By implementing the recommended mitigation and adaptation measures, the facility can enhance its resilience to climate change, ensure operational continuity, and contribute to environmental sustainability. Regular monitoring and review will ensure the facility remains prepared to address emerging climate risks effectively. Detailed report is annexed 7 in the table of annexes

2.6. Chemical handling procedures
Chemical handling procedures are essential for ensuring safety and minimizing risks in environments where hazardous materials are used. Here's a general comprehensive guide to chemical handling:

· Always read the Safety Data Sheets (SDS) and ensure proper labeling on containers.

· Wear appropriate gloves, safety goggles, respirators, and protective clothing when handling chemicals.

· Store chemicals in compatible groups, ensuring proper ventilation and segregation.

· Work in well-ventilated areas, avoid direct contact, and use safe tools for transferring chemicals.

· Keep spill kits, eyewash stations, and fire extinguishers accessible. Know emergency procedures.

· Follow regulations for chemical waste disposal and store hazardous waste properly.

· Ensure all staff are trained in chemical safety, handling, and emergency response.

· Maintain records of chemical inventory, safety procedures, and regular inspections.

The proposed project being a high risk project, there is a comprehensive chemical procedure provide at annex 4
2.7. Hydrogen and ammonia production plant safe distance

Determining the safe distance for a hydrogen and ammonia production plant involves multiple factors related to the potential hazards of these chemicals, including the risk of explosion, fire, and toxic releases. These distances are governed by international standards, national regulations, and risk assessments based on plant-specific details.

Here are key considerations for establishing safe distances:

1. Regulatory Guidelines and Standards

    International and National Standards:

 API 752/753: Addresses the safe distance for the location of facilities and personnel in hydrocarbon processing industries.

 NFPA 55: Covers the storage, use, and handling of hydrogen, setting minimum distances based on volume and hazard.

 OSHA and EU Seveso Directive: These regulations may also specify safety distances for ammonia and hydrogen storage.

2. Hydrogen Hazards

Flammability: Hydrogen has a very wide flammable range (4-75% in air) and can ignite easily. Even small leaks can lead to fire or explosion risks.

 Leak Detection: Hydrogen is colorless and odorless, making leaks hard to detect without specialized sensors.

 Explosion Risk (BLEVE - Boiling Liquid Expanding Vapor Explosion): Hydrogen has potential for catastrophic explosions if released in large quantities.

Recommended Safe Distance:

The distance depends on the hydrogen storage size:

 For small storage (<450 liters), a minimum distance of 15-25 meters from occupied buildings is typical.

 For large storage (>450 liters), distances can range from 25 to 50 meters depending on specific risks.

3. Ammonia Hazards

Toxicity: Ammonia is toxic, causing respiratory distress even in small quantities. Large releases pose significant public health risks.

Explosion and Fire: While less flammable than hydrogen, ammonia under pressure can explode, particularly in confined spaces.

Recommended Safe Distance:

Safe distances for ammonia depend on the storage pressure and amount:

For pressurized storage tanks, typical distances from populated areas range from 50 to 100 meters.

 For large-scale industrial facilities, the required distance from the nearest residential or occupied area can extend to 300-500 meters or more, depending on the risk assessment and local regulations.

4. Additional Considerations

Plant Layout: Equipment handling hydrogen and ammonia should be spaced apart to prevent cascading failures.

 Emergency Response Access: Adequate space must be maintained for fire-fighting and emergency response equipment.

 Wind Direction and Terrain: Local geography and prevailing winds should be considered in determining safe distances for both hydrogen and ammonia.

5. Quantitative Risk Assessment (QRA)

A detailed risk assessment should be conducted for each specific plant to calculate the potential blast and toxic release zones. This will determine the appropriate separation distances for various components and from public spaces or neighboring industrial areas.

In summary, the safe distance for a hydrogen and ammonia production plant typically ranges from 25 to 500 meters, depending on the size of the facility, the volume of stored chemicals, local regulations, and site-specific risk assessments.

For more detailed safe distance requirements refer to annex 6

2.8. Chemical Emergency Response Plan

The Chemical Emergency Response Plan for the green ammonia fertilizer production facility is designed to ensure a rapid, effective, and coordinated response to chemical emergencies. By following the detailed procedures outlined in this plan (annex 5), the facility can protect personnel, the environment, and the surrounding community from the hazards associated with chemical incidents. Regular training, drills, and continuous improvement of the plan are essential to maintaining a high level of preparedness
2.9. A detailed hazard and operability (HAZOP)study and layer of protection analysis to identify and address potential hazards in hydrogen and ammonia production industrial processes

The combination of a HAZOP study and LOPA provides a thorough and structured method for identifying, assessing, and mitigating risks in hydrogen and ammonia production plants. By systematically analyzing potential deviations and quantifying the effectiveness of safety layers, plant operators can ensure safe operations and minimize the risk of catastrophic events. Regular updates to the HAZOP and LOPA studies, especially after modifications to the plant, are essential for ongoing safety. Annex 10 provides a detailed approach to the above. 
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3.0 BASELINE INFORMATION OF THE PROPOSED PROJECT AREA

3.1. Introduction

In this chapter, emphasis is placed on describing the proposed project area in terms of resources, vegetation, land-use patterns, socio-economic activities, population, topography, climate, geology among others so as to provide information from which the potential impacts of the proposed project can be predicted. The proposed site is found in Uasin Gishu County. However, the transmission line extends into Elgeyo Marakwet County. The site is located along Eldoret – Eldama Ravine Road, 23 Km off the Eldoret – Nairobi Road. The site can be accessed through the existing tarmac road from Eldoret Town or from Eldama Ravine Town which is 83 Km away. The area has poor road accessibility to the rural areas especially those that are far away from major roads.

3.2. Solar power facilities in the neighbourhood

The area around the proposed location of the Solar Park has the following power system infrastructure: 220 kV Turkwell – Lessos line, Lessos 220/132/33kV Sub-station, The proposed Radiant/Eldosol/Alten Kesses 220/33kV Sub-station, The proposed Ketraco Kabarnet 132/33kV Sub-station, The Proposed Ketraco Lessos – Kabarnet 132kV line, Rivertex 132/33kV Sub-station.
3.3. Biological Environment

There are neither wildlife sanctuaries nor rare, endangered and endemic species at the proposed project site for the solar park. However, the transmission line will go through Kaptagat Forest that is rich in biodiversity. Kaptagat Forest is an extension of the larger Cherangany Forest Ecosystem. The diverse types of flora found within the Kaptagat Forest comprises of indigenous forests, bamboo, exotic plantations, shrubs and other forms of vegetation with a climber commonly known as‘‘Sinendet’’ Periploca linearifolia ranked highly by the community for cultural and medicinal values. Others include ‘‘Tebengwet’’ Vernonia auriculifera and ‘‘Siryat’’ Rhus natalensis. The Wild Olive ‘Olea Africana’ is the dominant indigenous tree species. Kaptagat forest also boasts a variety of fauna, mainly small mammals, reptiles, birds, insects and amphibians. The forest is a great habitat for hares, porcupines, rock hyrax, spotted eagle owl, sykes and velvet monkey, antelopes, stingless bees and guinea fowls among others. The forest also enhances tourism in the area.

3.4. Physical Environment

3.4.1 Soils and land formation

Soils comprise of red loam soils, red clay soils, brown clay soils and brown loam soils mainly support maize, sunflower, wheat, pyrethrum, potatoes and barley farming. They also support livestock rearing and agroforestry (refer to annex 10 for detailed report on soil).
3.4.2 Geographic and Climatic Context

Kaptagat is located in the highland region of Uasin Gishu County, known for its cool temperate climate and agricultural productivity. The area's elevation, ranging from 2,000 to 2,500 meters above sea level, and the surrounding forest cover, play a significant role in determining local air quality. Seasonal variations, characterized by long rainy seasons (April to June and October to November) and dry seasons, also influence air quality parameters such as particulate matter levels and pollutant dispersal.

3.4.2.1 Rainfall and temperature

The rainfall is significant, with precipitation even during the driest month. The rainfall averages 1,285 mm. There are two distinct peaks occurring between March and September; and May and August. Dry spells occur between November and February. The temperatures range between 7 °C and 29 °C and averages 14.9 °C. Generally, these conditions are favorable for livestock keeping, crop and fish farming.

3.4.2.2 Sunshine and solar radiation

Global Horizontal Irradiance (GHI) measures solar energy available to flat plate collectors positioned horizontally. Flat plate tilted at latitude represents the solar resource available to a collector angled toward the equator at the latitude of its location, commonly used in PV systems. The map below shows the SWERA GHI in kW/m²/day for Kenya. 
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SWERA solar products for Solar Concentrators

The Direct Normal Irradiance (DNI) is relevant for concentrating solar applications. They describe the solar resource available for concentrating solar (CSP) that track the sun throughout the day. The map below shows the Kenya SWERA Direct
Normal Irradiance (DNI) in Kwh/m2/day.
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Solar radiation and sunshine are closely linked, with many areas in the county receiving over 2,500 hours of bright sunshine annually, averaging more than 7 hours per day. For the Typical Meteorological Year (TMY), the annual mean Global Horizontal Irradiance is 235 W/m², amounting to an annual total of 2,058 kWh/m². The annual mean Diffuse Horizontal Irradiance is 99 W/m²,
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Figure 3.3: TMY – monthly values (top), hours over the year (middle) and distribution (bottom) of global and diffuse horizontal irradiance

3.4.2.3 Winds and other natural occurrences

The site is not prone to natural weather occurrences like flooding, high wind speeds, snowing or high temperature which affect the efficiency of solar photovoltaic systems. The maximum wind speed is 3.97 m/s.

3.4.2.4 Evaporation and heat balance

The annual variation of evaporation is affected by temperature and sunshine factors. The average annual evaporation is 1,700 mm. On hot sunny days, when the wind is light, considerable turbulence is experienced in the first few 100 ft above the ground due to differential heating of the surface.

3.4.3 Air quality, quantity and noise levels

3.4.3.1. Noise levels

The proposed project site is in a rural setting and therefore noise levels of 85 dBA (can be transmitted up to less than 30 M) are likely not to be experienced during the day. The only major source of noise is vehicular movement along the roads. 
3.4.3.2. Air Quality and Quantity 

The data provided here serves as a reference point for environmental impact assessments, particularly for ongoing and proposed projects, including the green ammonia production facility. The information is crucial for developing mitigation measures aimed at safeguarding human health, local ecosystems, and compliance with national and international air quality standards.

Ambient Air Quality Tolerance Limits (NEMA)
	
	Pollutant
	Time
weighted Average
	Industrial area
	Residential, Rural & Other

area
	Controlled areas***

	1.
	Sulphur

(SOX);
	oxides
	Annual Average*
	80
	g/m3
	60
	g/m3
	15
	g/m3

	
	
	24 hours**
	125
	g/m3
	80
	g/m3
	30
	g/m3

	
	
	
	
	
	

	
	
	Annual Average
	
	0.019

ppm/50 g/m3
	

	
	
	Month Average
	
	
	

	
	
	24 Hours
	
	0.048ppm

/125  g/m3
	

	
	
	One Hour
	
	
	

	
	
	Instant Peak
	
	500
	g/m3
	

	
	
	Instant Peak (10 min)
	
	0.191 ppm
	

	
	
	
	
	
	

	2.
	Oxides
of Nitrogen (NOX);
	Annual Average*
	80
	g/m3
	60
	g/m3
	15
	g/m3

	
	
	24 hours**
	150
	g/m3
	80
	g/m3
	30
	g/m3

	
	
	8 hours
	
	
	

	
	
	
	
	
	

	
	
	Annual Average
	
	0.2 ppm
	

	
	
	Month Average
	
	0.3 ppm
	

	
	
	24 Hours
	
	0.4 ppm
	

	
	
	One Hour
	
	0.8 ppm
	

	
	
	Instant Peak
	
	1.4 ppm
	

	
	
	
	
	
	

	3.
	Nitrogen

Dioxide
	Annual Average
	150
	g/m3
	0.05 ppm
	

	
	
	Month Average
	
	0.08 ppm
	

	
	
	24 Hours
	100
	g/m3
	0.1 ppm
	

	
	
	One Hour
	
	0.2 ppm
	

	
	
	Instant Peak
	
	0.5 ppm
	

	
	
	
	
	
	

	4.
	Suspended

Particulate
	Annual Average*
	360
	g/m3
	140
	g/m3
	70
	g/m3

	
	Pollutant
	Time
weighted Average
	
	

	
	matter (SPM)
	
	
	
	

	
	
	24 hours**
	500 g/m3
	200 g/m3
	100 g/m3

	
	
	mg/Kg
	
	
	

	
	
	
	
	
	

	
	
	Annual Average****
	
	100 g/m3
	

	
	
	24 hours***
	
	180 g/m3
	

	
	
	
	
	
	

	5.
	Respirable Particulate Matter (<10 m)

(RPM)
	Annual Average*
	70 g/m3
	50 g/m3
	50 g/m3

	
	
	24 hours**
	150 g/Nm3
	100 g/Nm3
	75 g/Nm3

	
	
	
	
	
	

	6.
	PM2.5
	Annual Average
	35 g/m3
	
	

	
	
	24 hours
	75 g/m3
	
	

	
	
	
	
	
	

	7.
	Lead (Pb)
	Annual Average*
	1.0 g/Nm3
	0.75 g/Nm3
	0.50 g/m3

	
	
	24 hours**
	1.5 g/m3
	1.00 g/m3
	0.75 g/m3

	
	
	Month Average
	
	2.5
	

	
	
	
	
	
	

	8.
	Carbon monoxide (CO)/ carbon
dioxide

(CO2)
	8 hours**
	5.0 mg/m3
	2.0 mg/m3
	1.0 mg/m3

	
	
	1 hour
	10.0 mg/m3
	4.0 mg/m3
	2.0 mg/m3

	
	
	mg/Kg
	
	
	

	
	
	24 hours**
	
	
	

	
	
	
	
	
	

	9.
	Hydrogen

Sulphide
	24 hours**
	150 g/m3
	
	

	
	
	
	
	
	

	10.
	Non-methane

hydrocarbons
	
	
	
	

	
	
	instant Peak
	700ppb
	
	

	
	
	
	
	
	

	11.
	Total VOC
	24 hours**
	600 g/m3
	
	

	
	
	
	
	
	

	12.
	Ozone
	1-Hour
	200 g/m3
	0.12 ppm
	

	
	
	8 hour (instant Peak)
	120 g/m3
	1.25 ppm
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Kaptagat Air quality
	Current Pollutants
	Air Quality Scale


	Over the past hour 

	PM 2.5

Fair


	Fine Particulate Matter - are inhalable pollutant particles with a diameter less than 2.5 micrometers that can enter the lungs and bloodstream, resulting in serious health issues. The most severe impacts are on the lungs and heart. Exposure can result in coughing or difficulty breathing, aggravated asthma, and the development of chronic respiratory disease. 
	31

9 µg/m³



	PM 10

Excellent


	Particulate Matter - are inhalable pollutant particles with a diameter less than 10 micrometers. Particles that are larger than 2.5 micrometers can be deposited in airways, resulting in health issues. Exposure can result in eye and throat irritation, coughing or difficulty breathing, and aggravated asthma. More frequent and excessive exposure can result in more serious health effects.
	17

13 µg/m³



	O 3

Excellent
	Ground-level Ozone- can aggravate existing respiratory diseases and also lead to throat irritation, headaches, and chest pain.
	12

35 µg/m³

	NO 2

Excellent


	Breathing in high levels of Nitrogen Dioxide - increases the risk of respiratory problems. Coughing and difficulty breathing are common and more serious health issues such as respiratory infections can occur with longer exposure.
	3

2 µg/m³



	CO

Excellent
	Carbon Monoxide is a colorless and odorless gas and when inhaled at high levels can cause headache, nausea, dizziness, and vomiting. Repeated long-term exposure can lead to heart disease
	2

206 µg/m³



	SO 2

Excellent
	Exposure to Sulfur Dioxide can lead to throat and eye irritation and aggravate asthma as well as chronic bronchitis.
	0

0 µg/m


 (source:  https://www.accuweather.com/en/ke/kaptagat/225659/health-activities/225659) 21/10/2024 10:50am
2. Geographic and Climatic Context

Kaptagat is located in the highland region of Uasin Gishu County, known for its cool temperate climate and agricultural productivity. The area's elevation, ranging from 2,000 to 2,500 meters above sea level, and the surrounding forest cover, play a significant role in determining local air quality. Seasonal variations, characterized by long rainy seasons (April to June and October to November) and dry seasons, also influence air quality parameters such as particulate matter levels and pollutant dispersal.

3. Key Sources of Air Pollution

The air quality in Kaptagat is generally influenced by several local and regional sources, including: Farming practices such as tilling, burning of crop residues, and pesticide application contribute to particulate matter (PM) emissions and volatile organic compounds (VOCs); Road transport, especially diesel-powered vehicles used in agriculture and transportation of goods, is a source of nitrogen oxides (NOx), sulfur dioxide (SO₂), carbon monoxide (CO), and PM emissions; Localized deforestation activities for timber and charcoal production may cause air pollution, particularly during dry seasons when burning of wood occurs; and potential future industrial developments, including the proposed green ammonia plant, could contribute to NOx, ammonia (NH₃), and other industrial pollutants.

4. Air Quality Parameters Monitored

For this baseline assessment, the following key air quality parameters were considered based on available data and field measurements:

· Particulate Matter (PM10 and PM2.5): Fine particles in the air can affect human health, particularly the respiratory system.

· Nitrogen Dioxide (NO₂): Emitted from vehicle exhaust and industrial processes, this pollutant is a common indicator of air pollution from combustion sources.

· Sulfur Dioxide (SO₂): Emitted from the burning of fossil fuels and some industrial activities, SO₂ is a harmful gas that can cause respiratory issues.

· Ozone (O₃): While naturally occurring in the atmosphere, ground-level ozone can form through chemical reactions between NOx and VOCs under sunlight, contributing to smog.

· Volatile Organic Compounds (VOCs): These are released from both natural and man-made sources, including vegetation and the use of chemical solvents.

· Ammonia (NH₃): In the context of potential green ammonia production, baseline data on ambient NH₃ levels is important to gauge future impacts.

5. Air Quality Monitoring Results

Based on recent field data and modeling, the following general trends are observed:

· Particulate Matter (PM10 and PM2.5): The levels of PM in the Kaptagat area are generally low due to the rural nature and low population density. However, during the dry season, the dust from unpaved roads and agricultural activities can cause temporary increases in PM concentrations. The average PM10 levels in the area range from 15 to 30 µg/m³, which is within acceptable limits as per Kenyan air quality standards (100 µg/m³ for PM10).

· Nitrogen Dioxide (NO₂): Traffic-related emissions are low due to limited vehicle activity in the area. Baseline concentrations of NO₂ in Kaptagat are below 20 µg/m³, well below the WHO and Kenyan standards of 40 µg/m³ annual average.

· Sulfur Dioxide (SO₂): The rural character of Kaptagat means that there is minimal industrial activity, and thus SO₂ concentrations are generally low, typically below 10 µg/m³. Occasional SO₂ emissions may come from the use of diesel engines in farming equipment.

· Ozone (O₃): Ground-level ozone is not a significant issue in Kaptagat due to the low levels of precursor pollutants (NOx and VOCs). However, periodic monitoring is essential as future industrial activities could increase NOx levels.

· Volatile Organic Compounds (VOCs): Baseline VOC concentrations in the area are negligible, mainly due to the limited industrial and vehicular activities.

· Ammonia (NH₃): Currently, ammonia emissions in Kaptagat are limited to agricultural activities such as livestock farming and fertilizer application. The ambient NH₃ concentrations are low, typically under 1 µg/m³. Monitoring will be crucial if the proposed green ammonia plant becomes operational.

6. Air Quantity (Atmospheric Conditions)

Air quantity, in terms of atmospheric circulation and capacity for pollutant dispersion, is generally favorable in Kaptagat due to its open landscape and forest cover. The area experiences regular wind patterns that facilitate the dispersion of pollutants, particularly during the dry season. Wind speeds average between 2.5 to 5 meters per second, aiding in the reduction of localized pollution hotspots.

During the rainy season, the atmosphere's capacity to disperse pollutants is further enhanced by the cleansing action of precipitation. However, thermal inversions during cooler months could lead to temporary trapping of air pollutants close to the ground, increasing localized exposure risks.

7. Potential Impacts of Proposed Industrial Developments

The establishment of a green ammonia production facility in Kaptagat has the potential to alter the baseline air quality, particularly in terms of ammonia and NOx emissions. However, the use of renewable energy and cleaner production technologies could mitigate many of these impacts. This study has proposed mitigation measures to be implemented including:

· Regular Monitoring: Establish an air quality monitoring program to continuously track key pollutants (PM10, PM2.5, NOx, SO₂, VOCs, and NH₃).

· Dust Control Measures: Implement dust suppression methods during the dry season and construction activities.

· Emission Controls: Adopt cleaner technologies for any future industrial development to minimize emissions of NOx, ammonia, and particulates.
· Public Awareness: Engage the local community on air quality issues and mitigation measures to ensure public health and environmental sustainability. 
3.4.3.3. FIELD DATA COLLECTION FORM (Kaptagat)
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Parameter

Site
	Noise levels (

dB)
	H2S (ppm)
	CO(ppm)
	LEL(ppm)
	Remarks

	SITE 
	
	
	
	
	

	Round 1
	56.7
	0
	0
	0
	windy, 

	
	
	
	
	
	


1.Noise

Noise levels were collected in the proposed site by use of Calibrated Noise meter (Model Benetech GM 1356) to get the base information on noise levels before commencement of works in decibels (dB), dBA as this range takes into account the varying sensitivity of the human ear to different frequencies of sound. Sampling was done in three (3) sites within the site and results averaged.
 Results 

 The results indicated Noise levels of 56.7 dB

2. Gases
The measurements were done to obtain baseline information on Hydrogen sulfide (H2S) gas, Carbon (CO), Lower Explosive Levels (LEL) the lowest concentration of a gas or vapor that will burn in air by use of Multi gas Detector. 

Results 

There was No Hydrogen sulfide (H2S) gas, No Carbon (CO) detected, No (LEL) detected on the project site.
3.4.4 Water resources and water quality

The area has high potential for groundwater due to the presence of perennial boreholes. The average depths of striking water vary depending on the geology of an area. Numerous springs form the sources of the various streams in the area. Water harvesting is also done in the area and harvested rainwater forms a major source of water for domestic purposes in many institutions and homesteads. The nearest water resources are swampy areas within the proposed site and River Kipsenende.

In Kaptagat, water sources, quality, and quantity are crucial for both local communities and the surrounding environment. The area is known for its highland forests and a generally well-preserved ecosystem, making it an important water catchment area. Let’s look specifically at Kaptagat in terms of its water sources, water quality, and water quantity.

1. Water Sources in Kaptagat

Kaptagat is part of a highland area that feeds into several rivers and streams. These surface water sources are often seasonal, with rivers fed by rainfall and forested catchments. The Kaptagat Forest plays a vital role in maintaining water flow and quality by regulating the water cycle through its vegetation, which slows down water runoff and promotes infiltration. Boreholes and wells are common in rural areas of Kaptagat. Groundwater is often tapped for domestic, agricultural, and small-scale industrial uses. The highlands' geological formation generally supports aquifers, providing communities with access to relatively clean water. Given the region’s altitude and fairly consistent rainfall patterns, many households and institutions practice rainwater harvesting. This is particularly important during the wet seasons, as it supplements other sources and can help during dry periods.

The proponent will desilt existing water pans and develop new pans as a way of mitigating soil erosion from water collected from the solar panels.
2. Water Quality in Kaptagat
Water quality in Kaptagat depends on both natural factors and human activity. The dense forest cover in Kaptagat, such as in the Kaptagat Forest Reserve, plays a key role in natural filtration of water. Rainwater that percolates through the forest floor is typically clean, making groundwater from boreholes in the region relatively safe. Despite this, threats to water quality exist. Agricultural practices in the region can lead to runoff of fertilizers, pesticides, and livestock waste into surface water sources. Additionally, deforestation, illegal logging, and land degradation in the forest areas may impact water quality by increasing sedimentation in rivers and streams.

3. Water Quantity in Kaptagat

The water quantity in Kaptagat is influenced by several factors: Kaptagat enjoys a relatively good amount of rainfall compared to other parts of Uasin Gishu. The rainy seasons (March-May and October-December) contribute significantly to water supply. However, variability in rainfall due to climate change can cause occasional droughts, leading to reduced surface water availability and increased pressure on groundwater resources. While the Kaptagat Forest acts as an essential water catchment, ongoing deforestation and land-use changes threaten the sustainability of this natural resource. These activities reduce the area’s capacity to hold water, causing faster runoff, which reduces infiltration into aquifers and impacts river flow during dry seasons. With a growing population and expanding agriculture in the region, there is increasing demand for water. Over-extraction of groundwater without adequate recharge could lead to depletion of aquifers, making it harder for communities to access sufficient water during dry spells.

3.5. Socio-economic environment

3.5.1 Population

People in the area live in scattered areas due to large-scale agriculture. The population in the neighbourhood of the proposed site has about 100 people living with 1 Km radius of the proposed site.

3.5.2. Land-use patterns

In the neighbourhood of the site, land is under vegetation. There are pieces of land under settlements and agriculture. There are trading centres along the roads where people have established retail shops and open-air market stalls for sale of products.

3.5.3. Physical and social infrastructure

3.5.3.1. Transport and communication

The site and its neighborhood is about 23 Km from Eldoret Town. It is served by the Eldoret – Eldama Ravine tarmac road. Other feeder roads connect rural areas to the major roads. However, these feeder roads are dry weather roads and most of them are dusty due to the dry nature of the land. Communication in the area is excellent for mobile reception from Safaricom, Airtel, Orange, and Telkom wireless.

3.5.3.2. Electricity and fire safety

Kenya Power supplies electricity in the area. However, it is not fully distributed to the users. However, some institutions have opted to the installation of back-up generators and solar panels to supplement this supply. The nearest fire engines are found in Eldoret Town.

3.5.3.3. Sewerage and storm water management

Many institutions have constructed pit latrine and in-house toilets for management of sewerage especially human wastes. Majority of the homesteads use pit latrines for disposal of human wastes. Sewerage and wastewater from in-house toilets are directed into septic tanks installed within these institutions through a system of PVC piping. Adequate storm drainage channels have been constructed in these institutions to accommodate excess storm water. Gutters have been installed on buildings in some institutions to harvest rainwater and thus reduce the amount of surface run-off.

3.5.3.4. Solid waste management

Many other institutions manage their own solid wastes by incineration and decomposing. Solid wastes are collected in dustbins and are carried to central points from where they are managed by decomposing and open air incineration.

3.5.4. Business activities

Business entrepreneurs licensed in the formal sector include catering, retail, motor vehicle repairs, wholesale, manufacturing, welding, bar and restaurant, distribution and bakeries.  These are concentrated in trading centres and along roads. The informal sector is widespread in the sub-county and it contributes considerably to the growth of the sub-county economy. The nearest town is Eldoret Town and is home to many businesses.

3.5.5. Agriculture

The main crops produced in the county are maize, wheat and vegetables. Mangoes, pawpaw and oranges are also produced. Grafted mangoes are vastly gaining momentum due to the high demand and favourable conditions. Livestock production is a major economic activity in the county. The main breeds reared include dairy cattle, sheep, goats and donkeys. Other farming enterprises include poultry farming, pig farming, bee keeping and fish farming.

3.5.6. Security

There are administration police officers in the area. Some institutions including homesteads are fenced and are provided with lockable gates and day and night time guards.
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CHAPTER FOUR: RELEVANT LEGISLATIVE AND REGULATORY FRAMEWORK

4.1. Introduction

There is need to take care of the environment in order to ensure survival of human beings. The law has intervened to ensure that human beings are considerate, cautious and careful in their dealings with the environment. The laws governing the environment in Kenya include the constitution of Kenya, 2010; EMCA, 1999 (Cap. 387), amended 2015 and its subsidiary legislations; and other Kenyan and multilateral environmental laws. EMCA, 1999 (Cap. 387), amended 2015 was developed to harmonize and co-ordinate environmental management issues in Kenya by providing for the establishment of an appropriate legal and institutional framework for the management of the environment. The institution is NEMA. The Act covers all aspects of the environment. Kenya is a signatory to some international legislation. Some of these are relevant to this project and were reviewed for the purpose of writing this report. Environmental management issues are addressed differently in several legal statutes, but the main objective in all of them is sustainability. It is however noted that wherever any of the laws contradict each other, EMCA, 1999 (Cap. 387), amended 2015 prevails.

4.2. Environment and energy policy frameworks in Kenya

According to the Kenya National Environment Action Plan (NEAP, 1994) GOK recognized the negative impacts on ecosystems emanating from economic and social development programmes that disregarded environmental sustainability. This led to establishment of appropriate environmental policies and legal guidelines as well as harmonization of those that were existing at the time. NEAP introduced environmental assessments in the country culminating into the enactment of the Policy on Environment and Development under the Sessional Paper No. 6 of 1999. An EIA is a legal requirement in Kenya for all development projects listed in the 2nd schedule of EMCA 1999 (Cap. 387) (amended 2015).

4.2.1 Sessional Paper No. 6 of 1999 on Environment and Development

The policy paper emphasizes that EIA must be undertaken by the developers as an integral part of a project preparation. It also proposes for periodic environmental auditing to investigate if developer is fully mitigating the impacts identified in the assessment report. The papers also presents broad categories of development issues that require a sustainable approach. Among the specific goals of the policy are:

a) To incorporate environmental management and economic development as integral aspects of the process of sustainable development; and

b) To encourage sustainable utilization of resources and ecosystems for the benefit of the present generations, while maintaining their potential to meet the needs of the biosphere and future dependents.

Relevance: The carrying out of this EIA and the preparation of this report is in compliance with this paper.

4.2.2. Kenya’s Big Four Agenda

The proposed project has close linkage to the current government development priorities which the president referred to as “the Big Four Agenda” which focusses on: Food Security; Affordable Housing; Manufacturing; and Affordable Healthcare. Energy is an enabling environment in realizing food security, manufacturing, and healthcare.

Relevance: The proposed project has demonstrated alignment with environmental sound development global, national and county level strategic goals. It will attempt to solve the current fertilizer shortage by providing additional capacity.

4.2.3. Kenya Vision 2030

This is Kenya’s economic development blue print covering the period 2008 – 2030 which aims at making Kenya a newly industrializing middle income country providing high quality life for all its citizens by the year 2030. The vision comes after a successful implementation of the Economic Recovery Strategy (ERS) for Wealth and Employment Creation. The vision is based on three “pillars” namely; the Economic pillar, the Social pillar and the Political pillar. The Economic Pillar aims at providing prosperity of all Kenyans through an economic development programme aimed at achieving an average GDP growth rate of 10 % per annum for the next 25 years. The Social Pillar seeks to build “a just and cohesive society with social equity in a clean and secure environment.” The Political Pillar aims at realising a democratic political system founded on issue-based politics that respects the rule of law, and protects the rights and freedoms of every individual in the Kenyan society. Increased energy production and especially of clean energy is one of the foundations of realizing Kenya’s Vision 2030.

Relevance: fertilizer is one of the enablers of the three pillars of Kenya’s Vision 2030. The proposed project is therefore in line with all the three pillars of Kenya’s Vision 2030.

4.2.4. National Energy and Petroleum Policy, 2015

This policy recognizes the importance of planning and advanced technology as key inputs to enhancing effective harnessing of energy resources. The overall objective of the policy is to ensure affordable, competitive, sustainable and reliable supply of energy to meet national and county development needs at least cost, while protecting and conserving the environment. The policy places environmental conservation at the forefront in its quest to achieve its objectives. It calls for the establishment of integrated development programmes that link energy interventions with demand.

Relevance: The establishment of solar power plant is a key step in ensuring that the objective of the policy is achieved through the establishment of clean and renewable energy.

4.2.5. National Spatial Plan 2015 – 2045

The purpose of the National Spatial Plan is to provide a national spatial planning framework for integration of social, economic and political policies. The main aim to be achieved by 2045 includes:

a) Strengthen national economic planning by anchoring/grounding national economic policies;

b) Coordinate sectoral agencies by providing the spatial expression to sector policies; to mitigate duplication and reduce wastage of limited resources;

c) Formulate Physical/Spatial Planning Policies to support socio-economic and sectoral planning; 

d) Guide the preparation of regional, county and local spatial plans.

In order to actualize the intended goal the spatial plan zoned the country and developed the potential activities, the policies and strategies to guide in the achievement of the regions potential. The project site falls under Zone 3: Highlands (Western, Central and Rift Valley) that the following potential:

Agricultural production; Water catchment; Forestry; Tourism and Culture; Mineral Resources; Energy Resources

To achieve the above potentials, the policies to be implemented include; enhanced agricultural production and value addition, investment in social and physical infrastructure, environmental conservation and intensive land use. GOK uses some of these strategies as detailed below:

a) Infrastructure provision to support value addition initiatives and human settlement;

b) Small and medium urban Centres development;

c) Conservation of water towers and resources; and

d) Rural development through provision of infrastructure, agricultural sector development and related economic activities.
4.2.6. Forest Policy, 2016

The Forest Policy, 2016 provides a framework for improved forest governance, resource allocation, partnerships and collaboration with the state and no state actors to enable the sector to contribute in meeting the country’s growth and poverty alleviation goals within a sustainable environment.

Relevance: The Proponent will work closely with KFS in order to ensure that Kaptagat Forest is not adversely affected.

4.3. Institutional and administrative framework for the management of the environment in Kenya

4.3.1 National Environmental Management Authority (NEMA)

EMCA, 1999 (Cap. 387), amended 2015 provides for establishment of NEMA as the principal agency responsible for coordination, monitoring and supervision of environmental issues in Kenya. NEMA too has a cross-sectorial mandate to oversee the conduct of environmental assessments and audits through issuance of guidelines, regulations and registration of environmental practitioners. It reviews and approves reports for environmental assessments and audits in consultation with any relevant lead agencies. NEMA’s enforces environmental legislations through the Department of Compliance and Enforcement which is responsible for ensuring that projects comply with the various environmental regulations and standards. NEMA has appointed environmental inspectors whose powers and duties are listed out under section 117 of EMCA, 1999 (Cap. 387), amended 2015. The environmental inspector may also issue an improvement notice requiring an operator to cease any activity deleterious to the environment which are contrary to the Act. NEMA has power, to prosecute environmental offenders and offences committed under the Act and may earn the offender fines and prison sentences. NEMA works with the county environment departments and committees at the county level in undertaking inspection, monitoring and compliance enforcement.

Relevance: NEMA will review and approve this ESIA report. County environment officers represent NEMA at the county level and are responsible for monitoring environmental protection or regulatory compliance at the county level. 

4.3.2 Environmental liaison units in other institutions with environmental management mandates in Kenya

NEMA is linked to sectorial lead agencies, private organizations and educational institutions through their environmental liaison units. These institutions include county environment departments, parastatals, learning institutions, NGOs and CBOs among others and are charged with implementation of environmental programmes and integration of environmental concerns in sectorial policies, plans and programs. Consequently, they monitor investment programmes at their respective sectorial levels.

Relevance: Relevant environmental liaison units such as county governments, ERC, KWS and KFS are stakeholders in the proposed project and will have input into the EIA process.

4.4. County development plans and laws

The proposed project shows alignment with county laws and plans which include the following:

4.4.1. County Integrated Development Plans (CIDPs)

CIDP provides the County with a legally bound working framework that will guide all programmes in the county. It binds both state and non-state actors working in the county so as to ensure that we move with a singularity of purpose. It has been developed in a participatory manner and it’s our commitment to ensure that its implementation is equally participatory. The CIDP objectives are:

a) Create harmony in development of county transport system and infrastructure;

b) To facilitate well planned and balanced human settlements;

c) To provide for public open and recreational spaces;

d) Develop urban and rural settlements as integrated areas of economic and social activity;

e) To ensure balanced development; and

f) To protect historical and cultural sites.

4.4.2. County Sectoral Plan

The county is required to develop a ten-year county sectoral plan as component part of the county integrated development plan. The county sectoral plan is being programme based and are the basis for budgeting and performance management. Sector plans are expected to be reviewed every five years and updated annually by the county executive and approved by the county assembly.

4.4.3. County Spatial Plan

County Spatial Planning provides guidelines for preparation of regional physical development plans and local physical development plans. The County Spatial Plan responds to the objects of county planning as outlined in section 103, which include: Ensure harmony between national, county and sub-county spatial planning requirements; Facilitate the development of a well-balanced system of settlements and ensure productive use of scarce land, water and other resources for economic, social, ecological and other functions across a county; Maintain a viable system of green and open spaces for a functioning eco-system; 10. Harmonize the development of county communication system, infrastructure and related services;  Develop urban and rural areas as integrated areas of economic and social activity; Provide the preconditions for integrating under-developed and marginalized areas to bring them to the level generally enjoyed by the rest of the county; Protect the historical and cultural heritage, artefacts and sites within the county; Make reservations for public security and other critical national infrastructure and other utilities and services; and Work towards the achievement and maintenance of a tree cover of at least ten per cent of the land area of Kenya as provided in article 69 of the Constitution of Kenya, 2010.

4.5. Laws, regulations, codes and policies of Kenya with environmental relevance

4.5.1. The Constitution of Kenya, 2010

This is the sovereign law in Kenya. The constitution acknowledges the people of Kenya’s respect for the environment which is our heritage in its preamble. It also points out our determination to sustain the environment for the benefit of future generations. Environmental provisions are included in:

· Cap. 4 on Rights and Fundamental Freedoms, Cap. 5 on Environment and Natural Resources, Cap. 10 on Judicial Authority and Legal System, Fourth Schedule on Distribution of functions between National and County Governments, Fifth Schedule on Legislation to be enacted by Parliament Chapter 5, Part 2 has the following provisions on Environment and Natural Resources, Article 69 – Obligations in respect of the environment, Article 70 – Enforcement of environmental rights, Article 72 – Legislation relating to the environment Article 42 states that, “Every person has a right to a clean and healthy environment, which includes the right to: Have the environment protected for the benefit of the present and future generations through legislative and other measures, particularly those contemplated in Article 69; and Have the obligations relating to the environment fulfilled under Article 70

Relevance: This is the sovereign law in Kenya and points out our determination to sustain the environment it for the benefit of future generations. The Proponent is committed to protecting the environment throughout the project life cycle.

4.5.2. Environmental Management and Coordination Act, 1999 (Cap. 387), amended 2015

Section 3 (1) of the Act states that, “Every person in Kenya is entitled to a clean and healthy environment in accordance with the Constitution and relevant laws and has the duty to safeguard and enhance the environment”. 
Section 58 (1) of the Act states that, “Notwithstanding any approval, permit or license granted under this Act or any other law in force in Kenya, any person, being a proponent of a project, shall before any financing, commencing, proceeding with, carrying out, executing or conducting or causing to be financed, commenced, proceeded with, carried out, executed or conducted by another person any undertaking specified in the Second Schedule to this Act, submit a project report to the Authority, in the prescribed form, giving the prescribed information and which shall be accompanied by the prescribed fee”. This fee is determined by the Authority. Section 68 (3) states that, “The owner of the premises or the operator of a project for which an environmental impact assessment study report has been made shall keep accurate records and make annual reports to the Authority describing how far the project conforms in operation with the statements made in the environmental impact assessment study report submitted under section 58 (2).”

Relevance: The Proponent is carrying out this EIA in order to comply with sections 58 to 67 and 138 of the Act. The Proponent shall keep records of environmental issues, relevant licenses and permits and shall avail them to the Authority when necessary to prove compliance. The Proponent shall also be held responsible for any other matter in contravention of this Act.

4.5.3. Environmental (Impact Assessment and Audit) Regulations, 2003

These Regulations provide the framework for carrying out EIAs and EAs in Kenya by NEMA licensed experts. EIAs should be followed by EAs which should be carried out to annually to determine the projects’ compliance with environmental regulations. Section 17 of these regulations states that the Proponent shall in consultation with the Authority, seek the views of persons who may be affected by the projects.

Relevance: This report complies with the requirements of these regulations in the coverage of environmental issues, project details, impacts, legislation and mitigation measures. The Proponent encouraged and facilitated public participation and consultations for the proposed project and will be treated the public comments with utmost relevance. They will implement the EMP in this report and any other conditions laid out by NEMA.

4.5.4. Environmental Management and Coordination (Waste Management) Regulations, 2006

According to part II of the regulations, a generator of waste should: Not dispose of any waste on a public highway, street, road, recreational area or in any public place except in a designated waste receptacle; Collect, segregate and dispose or cause to be disposed-off such waste in the manner provided for under these Regulations; and Ensure that the waste is transferred to a person who is licensed to transport and dispose-off such waste in a designated waste disposal facility.

Relevance: All wastes from the proposed site will be managed in accordance with the procedures outlined in this report or as may be advised by the public health office and/ or other authorities. The Proponent and contractor(s) will be held responsible for any environmental damage or nuisance resulting from wastes from the proposed project and site and for any other matter in contravention of these regulations.

4.5.5. Environmental Management and Coordination (Noise and Excessive Vibration, and Pollution Control) Regulations, 2008

These regulations prohibit under Section 3 (1) the causing of loud, unreasonable, unnecessary or unusual noise which annoys, disturbs, injures or endangers the comfort, repose, health or safety of others and the environment. Noise levels as provided for in the First Schedule of these regulations are presented in table 4.1 below.

Table 4.1: Maximum permissible intrusive noise levels

	Zone
	Sound Level Limits db(A) (Leq, 14h)
	Noise Rating Level (NR) (Leq, 14h)

	
	Day
	Night
	Day
	Night

	A
	Silent Zone
	40
	35
	30
	25

	B
	Places of Worship
	40
	35
	30
	25

	C
	Residential: Indoor
	45
	35
	35
	25

	Outdoor
	50
	35
	40
	25

	D
	Mixed Residential (with some commercial and places of entertainment)
	55
	35
	50
	25

	E
	Commercial
	60
	35
	55
	25


Source: First Schedule of the Environmental Management and Coordination (Noise and Excessive Vibration, and Pollution Control) Regulations, 2008

According to these regulations, Day means the time between 0601 hours and 2000 hours while night the time between 2001 hours and 0600 hours. In compliance with these regulations: There will be no construction at night; Ear muffs will be provided to workers during construction; Regular maintenance/ repair of contractor’s vehicles and machinery will be enforced in order to minimize vibrations and noise; Any maintenance of construction vehicles and machinery will be carried out in the contractor’s yard that may be onsite or off site; and The construction site will be enclosed in accordance with NCA requirements to minimize noise levels emanating from the construction site.

Relevance: All noise to be produced at the proposed site in all its phases shall be managed in accordance with the guidelines in this report or from other authorities in control of noise. The Proponent and the contractor(s) shall be held responsible for any environmental nuisance resulting from noise pollution at the proposed site and for any other matter in contravention of these regulations.

4.5.6. Environmental Management and Coordination (Conservation of Biological Diversity and Resources, Access to Genetic Resources and Benefit Sharing) Regulations, 2006

The regulation requires Proponents to conduct ESIA if their activities may have adverse impacts on ecosystems or lead to unsustainable use of natural resources and/ or lead to introduction of exotic species. The regulation aims at increasing the coverage of protected areas and establishing new special status sites by providing guidelines for protecting endangered species.

Relevance: The Proponent will observe policy and regulatory requirements and implement the mitigation measures proposed in this document in an effort to comply with the provisions of these Regulations in protection and conservation of biological diversity.

4.5.7. Environmental Management and Coordination (Water Quality) Regulations, 2006

These Regulations apply to water used for domestic, industrial, agricultural, and recreational purposes; water used for wildlife purposes, and water used for any other purposes. Different standards apply to different modes of usage. These regulations provide for the protection of lakes, rivers, streams, springs, wells and other water sources. The objective of the regulations is to protect human health and the environment. Relevance: The Proponent and the contractor will ensure that no activity causes harm to water sources especially the swampy areas within the proposed site and the rivers near the project site. The Proponent and the contractor will ensure that the activities do not contaminate any water source.

4.5.8. Occupational Safety and Health Act, 2007

This Act provides for the safety, health and welfare of workers and all persons lawfully present at workplaces where any person is at work, whether temporarily or permanently. Part II of the Act on General Duties states the following:

· Duties of occupiers according to: Section 6 (1) that, “Every occupier shall ensure the safety, health and welfare at work of all persons working in his workplace”.

· Section 6 (2) (b), “Arrangements for ensuring safety and absence of risks to health in connection with the use, handling, storage and transport of articles and substances”.

· Section 6 (2) (c), “The provision of such information, instruction, training and supervision as is necessary to ensure the safety and health at work of every person employed”.

Part VI, Sections 47 to 54 on Health General Provisions requires work places to be kept clean, properly ventilated, have enough lighting, have floors properly drained and have sanitary conveniences. Relevance: The contractor(s) and the Proponent will ensure the safety and health of those to be employed at the site in all its phases. They will also be held responsible for any other matter in contravention of this Act. The EMP provided advises the Proponent and the contractor(s) on safety and health aspects, potential impacts, personnel responsible for implementation and monitoring, frequency of monitoring, and estimated cost, as a basic guideline for the management of health and Safety issues.

4.5.9. Public Health Act, 1986 (Cap. 242)

Part IX of the Act on Sanitation and Housing, Section 115 prohibits nuisance by stating that, “No person shall cause a nuisance or shall suffer to exist on any land or premises owned or occupied by him or of which he is in charge any nuisance or other condition liable to be injurious or dangerous to health.”

Section 118 (b) – (e), (h) – (q) and (s) defines nuisance in that order as: Any dwelling or premises or part thereof which is or are of such construction or in such a state or so situated or so dirty or so verminous as to be, in the opinion of the medical officer of health, injurious or dangerous to health, or which is or are liable to favour the spread of any infectious disease; Any street, road or any part thereof, any stream, pool, ditch, gutter, watercourse, sink, water-tank, cistern, water-closet, earth-closet, privy, urinal, cesspool, soak-away pit, septic tank, cesspit, soil-pipe, waste-pipe, drain, sewer, garbage receptacle, dust-bin, dung-pit, refuse-pit, slop-tank, ash-pit or manure heap so foul or in such a state or so situated or constructed as in the opinion of the medical officer of health to be offensive or to be injurious or dangerous to health; Any well or other source of water supply or any cistern or other receptacle for water, whether public or private, the water from which is used or is likely to be used by man for drinking or domestic purposes or in connection with any dairy or milk shop, or in connection with the manufacture or preparation of any article of food intended for human consumption, which is in the opinion of the medical officer of health polluted or otherwise liable to render any such water injurious or dangerous to health; Any noxious matter, or waste water, flowing or discharged from any premises, wherever situated, into any public street, or into the gutter or side channel of any street, or into any nullah or watercourse, irrigation channel or bed thereof not approved for the reception of such discharge; Any accumulation or deposit of refuse, offal, manure or other matter whatsoever which is offensive or which is injurious or dangerous to health; Any accumulation of stones, timber or other material if such in the opinion of the medical officer of health is likely to harbour rats or other vermin; Any premises in such a state or condition and any building so constructed as to be likely to harbour rats; Any dwelling or premises which is so overcrowded as to be injurious or dangerous to the health of the inmates, or is dilapidated or defective in lighting or ventilation, or is not provided with or is so situated that it cannot be provided with sanitary accommodation to the satisfaction of the medical officer of health; Any public or other building which is so situated, constructed, used or kept as to be unsafe, or injurious or dangerous to health; Any occupied dwelling for which such a proper, sufficient and wholesome water supply is not available within a reasonable distance as under the circumstances it is possible to obtain; Any factory or trade premises not kept in a clean state and free from offensive smells rising from any drain, privy, water-closet, earth closet or urinal, or not ventilated so as to destroy or render harmless and inoffensive as far as practicable any gases, vapours, dust or other impurities generated, or so overcrowded or so badly lighted or ventilated as to be injurious or dangerous to the health of those employed therein; Any factory or trade premises causing or giving rise to smells or effluvia which are offensive or which are injurious or dangerous to health; Any area of land kept or permitted to remain in such a state as to be offensive, or liable to cause any infectious communicable or preventable disease or injury or danger to health; Any occupied dwelling for which such a proper, sufficient and wholesome water supply is not available within a reasonable distance as under the circumstances it is possible to obtain; Any area of land kept or permitted to remain in such a state as to be offensive, or liable to cause any infectious communicable or preventable disease or injury or danger to health; Any chimney sending forth smoke in such quantity or in such manner as to be offensive or injurious or dangerous to health; and Any act, omission or thing which is, or may be, dangerous to life, or injurious to health. Relevance: The Proponent and contractor(s) shall be held responsible for any nuisance defined under section 118 resulting from the proposed site and for any other matter in contravention of this Act.

4.5.10. Energy Act, 2006

This Act provides for the establishment of ERC under section 4 (1) which is mandated under section 5 (a) (i) to regulate the importation, exportation, generation, transmission, distribution, supply and use of electrical energy. Part III of the Act deals with electrical energy including all licensing procedures. Under Section 27, a license or licenses as the case may be, shall be required for the:
Generation, importation or exportation, transmission or distribution of electrical energy; and Supply of electrical energy to consumers. Relevance: ERC shall have the overall supervision of the proposed project implementation. The Proponent has applied for a license for the generation of electricity. All provision of this Act in relation to generation and consumption of electricity shall be adhered to.

4.5.11. Energy (Solar Photovoltaic Systems) Regulations, 2012

These Regulations provide rules and standards for the installation of solar PV systems in Kenya.

Relevance: The Proponent shall implement the proposed project in compliance with these Regulations.

4.5.12. Forest Act, 2016

The Act provides for the establishment, development and sustainable management, including conservation and rational utilization of forests. It applies to all forests and woodlands on state, local authority and private land. The overall spirit of Forests Act is devolution of authority and responsibilities in management of forest, and promotion of partnership through increased access of benefits to the communities. Relevance: KFS is an important stakeholder that will provide guidance on prevention of both direct and indirect ecological impacts. The proponent will work closely with the KFS.
4.5.13. Wildlife Conservation and Management Act, 2013

The Act provides for the protection, conservation, sustainable use and management of wildlife in Kenya and for connected purposes. Relevance: KWS is an important stakeholder that will provide guidance on prevention of both direct and indirect ecological impacts.

4.5.14. Work Injury Compensation Benefit Act (WIBA), 2007

This Act provides for compensation for employees on work related injuries and diseases contacted in the course of employment and for connected purposes. The Act includes compulsory insurance for employees. The Act defines an employee as any worker on contract of service with employer.

Relevance: The Proponent and contractor(s) will insure the staff involved in the construction and operation. Compensation will be undertaken for any employee in cases of injury or disease in line with working.

4.5.15. National Construction Authority Act, 2011

The National Construction Authority (NCA) was established under an Act of parliament to oversee the construction industry and coordinate its development. Section 15 (1) of the Act states that, “A person shall not carry on the business of a contractor unless the person is registered by the Board under this Act”. Relevance: The Proponent will select a contractor(s) who is/ are registered with NCA. The proposed project will be registered in accordance with NCA requirements. NCA will ensure that the proposed project is constructed in accordance with laid down building standards and will be held responsible for any other matter in contravention of this Act.

4.5.16. Physical Planning Act, 1996 (Cap. 286)

This Act makes specific provisions for physical planning. Section 25 (b) of the Act states that, “A local physical development plan shall consist of such maps and description as may be necessary to indicate the manner in which the land in the area may be used”.

Relevance: The proposed construction of the Kaptagat green ammonia and Solar Park will be approved by CGUG Department of Physical Planning. The Proponent will be held responsible for any matter in contravention of this Act and in breaking regulations by the Physical Planning Department of Elgeyo Marakwet and Uasin Gishu counties.

4.5.17. Kenya Roads Act, 2007

An Act of Parliament to provide for the establishment of the Kenya National Highways Authority (KeNHA), the Kenya Urban Roads Authority (KURA) and the Kenya Rural Roads Authority (KERRA), to provide for the powers and functions of the authorities and for connected purposes. Under Sub-section 49 (1) (b) of the Act, the no person unless permitted by KeNHA, KURA or KERRA, may make any structural alteration or addition to a structure or that other thing situated on or over, or below the surface of a road or road reserve or land in a building restriction area. Relevance: The Proponent shall not carry out the construction of the proposed structures within the areas designated as road reserves and shall obtain permits for hoarding of the construction site on access roads.

4.5.18. Traffic Act (Cap. 403)

This is an Act of Parliament to consolidate the laws relating to traffic on the roads. Section 66 A (1) of the Act protects the occupational safety and health of drivers by stating that, “No person shall drive a public service vehicle or a commercial vehicle for more than a total of eight hours in any period of twenty-four hours”.Relevance: The contractor(s) and the Proponent will ensure that all drivers that will be used to mobilize materials at the construction site comply with all traffic rules. All drivers who will drive vehicles to be used in the proposed project in all its phases shall operate in shifts of not more than 8 hours in any period of 24 hours.

4.5.19. County Governments Act, 2012

This Act gives effect to chapter eleven of the Constitution of Kenya to provide for county governments powers, functions and responsibilities to deliver services and for connected purposes.

Relevance: The proposed site is found in Elgeyo Marakwet and Uasin Gishu counties. The Proponent will abide by all laws, rules, regulations, guidelines and requirements by the CGEM and CGUG. The contractor(s) and the Proponent will be held responsible for any other matter in contravention of this Act.

4.5.20. Building Code, 1997

The Building Code is comprised of the Local Government (Adoptive By-Laws) (Building) Order of 1968 and the Local Government (Adoptive By-Laws) (Grade II Building) Order 1968. According to the Building Code, any person who intends to erect a building shall submit a written application to do so in such form as the Council may require, completing all details required therein in so far as they apply to the proposals. Relevance: The Proponent shall ensure that any structure, movable or fixed of whatsoever kind or any part thereof, has an approval from the relevant authorities in Kenya. The proposed project design must therefore be approved by the Uasin Gishu County Public Health and the Physical Planning offices and County Engineer Department.
4.5.21. The Climate Change Act of 2016
The Act places duties on the national government and county governments to mainstream climate change responses into development planning, decision making and implementation and to respond in various other ways to climate change. The Act sets out principles of climate change planning and implementation of measures. 
Relevance:  the proponent has outline how to comply to this act through development of climate change assessment relevant to his operation. (ref. to annex 9)
4.5.22. Penal Code (Cap. 63)

The chapter on “Offences against Health and Conveniences” contained in the Code enacted in 1930 strictly prohibits the release of foul air into the environment, which affects the health of other persons.

Relevance: All wastes from the proposed sites will be managed in accordance with the procedures outlined in this report or as may be advised by the public health office and/ or other authorities. The Proponent will provide appropriate solid and liquid waste handling facilities for the proposed project throughout its project life cycle and will be held responsible for any environmental damage or nuisance resulting from wastes from the proposed project and site and for any other matter in contravention of this Code.

4.6. International framework

The Government of Kenya is a signatory to international/ regional treaties and conventions on conservation of threatened, endangered, endemic species and fragile ecosystems. These include:

4.6.1 World Commission on Environment and Development (1987)

This commission commonly referred to as “the Brundtland Commission” focuses on the environmental aspects of development, with particular, the emphasis on sustainable development that produces no lasting damage to the biosphere and to particular ecosystems.

Relevance: The Proponent will put in place mitigation measures outlined in this report and as will be advised through improvement orders in order to protect people and the environment from undue harm.

4.6.2 World Bank Environmental and Social Safeguard Policies, 1999

The objective of the World Bank's environmental and social safeguard policies is to prevent and mitigate undue harm to people and their environment in the development process. The Proponent has carried out this EIA in compliance with Safeguard Policy 4.01 that requires such projects to have environmental assessments carried out for them before they are implemented. The Safeguard Policy 4.12 relates to Involuntary Resettlement and therefore all persons, businesses or facilities that will be displaced from the proposed site will be compensated and such displacement shall be voluntary and negotiated.

Relevance: The Proponent will put in place mitigation measures outlined in this report and as will be advised through improvement orders in order to protect people and the environment from undue harm.

4.6.3 Rio Declaration on Environment and Development (1992)

Principle No. 10 of the declaration underscored that, “Environmental issues are best handled with participation of all concerned citizens at all the relevant levels.

Relevance: The Proponent encouraged and facilitated public participation at the site. Public comments must be treated with utmost relevance.

4.6.4 AfDB Environmental Safeguards Policy

The Environmental Policy sets out the broad strategic and policy framework under which all Bank Group lending and non-lending operations will be made to promote environmentally sustainable development in Africa. Its overall goals are two-fold: firstly, to help improve the quality of life of the people of Africa; and secondly, to help preserve and enhance the ecological capital and life-support systems across the continent of Africa.

4.6.5 International Finance Corporation (IFC) Performance Standards

These are directed towards clients, providing guidance on how to identify risks and impacts, and are designed to help avoid, mitigate, and avoid risks and impacts as a way of doing business in a sustainable way, including stakeholder engagement and disclosure obligations of clients in relation to project-level activities. IFC requires its clients to apply the Performance Standards to manage environmental and social risks and impacts so that development opportunities are enhanced.

4.6.6 OPIC – Environmental Guidance Renewable Energy Solar Projects (2012)

These guidelines address evaluation features most significant to solar PV projects, both utility scale central generating facilities and stand-alone units. The guidelines discuss the evaluation features most significant to solar PV projects and reflect the information contained in the International Finance Corporation’s General Environmental, Health and Safety Guidelines and Performance Standards and other relevant standards and guidelines. These features include:

a) Presence of critical or sensitive habitat on or adjacent to the site;

b) Socio-cultural issues;

c) Visual impacts, particularly if the installation is located near residential developments;

d) Disposal of the modules at the end of their lifetime;

e) Impacts related to the construction of ancillary facilities including access roads and power transmission lines; and

f) Cumulative effects.

4.6.7 Sustainable Development Goals (SDGs)

Goal 1; No poverty - the proponent will support the attainment of SDGs, it will provide employment
opportunities for the inhabitants and its surrounding environs thus reduction in
poverty levels: Goal 5; Gender Equality - The operation of the facility will be creating employment for both male and female; skilled and unskilled labor. This will be through recruiting workers who will be providing different services: Goal 6; Ensure access to water and sanitation for all - Management will ensure that all water sources are of the highest sanitary standards and disposal of waste is in accordance with relevant regulations: Goal 7; Ensure access to affordable, reliable, sustainable and modern energy for all - The facility should incorporate the use of clean renewable energy sources i.e. solar and ensure energy is efficiently used during it operation: Goal 8; Promote inclusive and sustainable economic growth, employment and decent work - The operation of the facility will create quality employment opportunities that will in turn stimulate the economy and protect the environment: Goal 12; Ensure sustainable consumption and production patterns - The facility Management is obliged to ensure that all materials and equipment for all the project life cycle will be used in a manner that preserves the environment as per the regulation.
4.6.8 Convention on Biological Diversity (CBD)

The Convention on Biological Diversity stipulates that it is the responsibility of states to conserve their biological diversity and to use their biological resources in a sustainable manner. It further notes that it is vital to anticipate, prevent and attack the causes of significant reduction or loss of biological diversity at source, and that in situ conservation of ecosystems and natural habitats is a fundamental requirement for the conservation of biological diversity. Kenya has undertaken activities that are consistent with the goals of the Convention, and has for example taken measures to develop a national strategy for the conservation of biological diversity and has established a system of protecting the endangered species both in the protected and dispersal areas. The interest of CBD is enshrined in the existing laws and policies.
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CHAPTER FIVE: PUBLIC PARTICIPATION

5.1. Introduction

Section 17 of the Environmental (Impact Assessment and Audit) Regulations, 2003, requires public consultation with relevant stakeholders and members of the public as part of the study to be undertaken. The aim of the public consultation is to ensure that all stakeholders interested in a proposed project (including project beneficiaries and the general public in the vicinity of the proposed project) are identified and their opinions considered during project planning, design, construction, and operation and decommission phase. Public consultation and involvement in EIA process assures the quality, comprehensiveness and effectiveness of the assessment and ensures that the public views are adequately taken into consideration in decision making process.

5.2. The public participation process

This was done through:

Interviews with government officials, local administrators and randomly selected area residents that will be affected by the proposed project; a baraza (public meeting) at the site on 27/8/2024.

[image: image17.jpg]



plate 1: stakeholder picture 1: The area chief addressing the stakeholders during the baraza at the proposed site
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plate 1: stakeholder picture 2: A county government official addressing the stakeholders during the baraza at the proposed site
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plate 1: stakeholder picture 3 chief introducing the village elders
5.3. Public comments

It was evident from the baraza that the proposed project has full support from the community. Some of the comments that came from the people included:

· Members urged the Proponent to consider residents for some of the employment opportunities at the sites;

· The people recommended that the developer should assist in developing social and physical infrastructures in the area with a special focus on Cheptigit Water Project;

· The Proponent is advised to put all measures to ensure environmental management at the site in all the project phases;

· In order to enhance security at the site and to avoid trespassing, the people recommended that the site be fenced and security lighting be installed at the site so that people can move freely even at night.

The minutes of this baraza and the lists of the participants at the meeting are attached to this report (Appendix V and VI respectively).

Summary of Issues Raised by the Community and Stakeholders
The key issues raised by the community and the stakeholders are summarized below.
Table 1: A summary of issues raised and proposed mitigation are shown in table  below
	ISSUE
	Individual raising the issue
	CONCERN RAISED BY STAKEHOLDERS
	Suggested Mitigation Measure

	water pollution 
	Mr shadrach kiplimo 
	He talked of possibility of water pollution down stream
	The engineer confirmed that there will be proper design of water pan to collect all water and again the process is done in with the latest technology which ensures that there is no foreseen leakage.

	Noise pollution.
	Mr Lawrence 
	He  talked of noise from the factory affecting the people around.
	The project proponent said that the factory Will set at the edge of the factory 1.5 km from the households.

	Siting of the water pan 
	Mr George Kosgei 
	He said that the designated place where the pan is to be constructed is where most people derive their source of water .
	The engineer assured the people that a prior study will be done by experts before the construction of the pan and the drained water not to affect the community.

	Health implication to the people.
	Mr Abraham Kiprono
	He wanted to know on the negative implication of the Ammonia plant to the health of the people as the ammonia gas is a harmful gas.
	The engineer confirmed to the people that they are safe as people won't be in contact with ammonia gas, the gas will be stored containerized and stored underground. The process is end to end product

	Employment opportunities.
	Mr Vincent 
	He asked if the factory will have job opportunities to the locals and wanted to know the kind of jobs that will be available.
	The project proponent Mr Chebii confirmed that the factory will employ both the skilled and the unskilled labour from the community.

	Soil erosion 
	Mr Gideon Rotich 
	He talked of soil erosion affecting their agriculture.
	The proponent assured that there will be proper landscaping for example water collection from the structures to avoid any soil erosion. 

	Shortage of water.
	Chief 
	He talked of shortage of water in the area during dry seasons.
	The hydrologist  said that they will get a source of water and also the water from the pan will be recycled.

	Security 
	Chief 
	He requested that the plant project to reliabilities the roads ,power to the community, installation of flash lights and the dispensary.
	Mr Chebii said that there will be  a CSR component to address community issues.


5.4. Conclusion

The locals greatly appreciated that the Proponent had given them a chance to participate in the decision making process concerning the proposed projects. The respondents underscored that the projects were likely to create employment opportunities in the area, either directly or

indirectly; increase agricultural productivity and thus improve in food security in the country. From the foregoing, it is clear that the proposed project has sufficient public support.
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CHAPTER SIX: ANALYSIS OF PROPOSED PROJECT ALTERNATIVES

6.1. Introduction

The purpose of this section is to examine feasible alternatives to the proposed project. The benefits of the proposed project will be considered against any potential environmental cost. The general principle involved in identifying alternative option(s) to a proposed development is to ensure that the option chosen results in optimal social, environmental and capital benefits not only for the developer, but also for the environment and stakeholders in the area. This section is critical in consideration of an ideal or near-ideal development with minimal environmental disturbance. The following feasible land-use options will be compared in terms of cost and benefit criteria: environmental impacts, social acceptability, economics and design feasibility.
6.2. “No-action” alternative

The selection of the “no-action” alternative would mean the discontinuation of the proposed project. Thus, the site is retained in its existing form. If this alternative is selected, the site is unlikely to undergo any major changes from its present condition and the vegetation present at the site will not be affected.

6.3. Alternative land-uses

The option allows the developer to explore other alternative land-uses for the site other than the proposed green ammonia project. This option requires application for change or extension of use to allow for the alternative development.

6.4. Relocation alternative

This option would mean transfer of the proposed development to another site. If this option is selected the Proponent is required to look for an alternative site either within or outside the zone. A feasibility study carried out for the proposed site showed that the site has potential for supporting the proposed project.

6.5. Technology alternative options

1. Electrolysis-Based Hydrogen Production
Proton Exchange Membrane (PEM) Electrolysis:

The benefit is in its high efficiency and purity of hydrogen production; Quick response time, making it suitable for integration with intermittent renewable energy sources like wind and solar; Compact design, allowing for flexible installation and scalability; the weakness is higher capital cost compared to alkaline electrolysis due to the use of expensive materials like platinum and iridium; Lower lifetime and durability, especially under variable operating conditions.

Alkaline Electrolysis:

Is a well-established technology with lower capital costs compared to PEM; Long operational life and stability in continuous operation; Simpler technology with relatively cheaper catalyst materials (e.g., nickel); the challenge is with its Slower response time to load changes, making it less ideal for variable renewable energy sources; Larger footprint and lower hydrogen purity compared to PEM electrolysis.

Solid Oxide Electrolysis (SOE): it is the highest efficiency among electrolysis technologies due to operation at high temperatures; Potentially lower electricity consumption due to thermal integration; Can use waste heat from other industrial processes, enhancing overall energy efficiency. It is known to have high operating temperatures lead to complex system design and material challenges; Requires significant heat management and durable materials, increasing costs and technical complexity; Less mature technology with limited commercial deployment.

2. Renewable Hydrogen Integration with Haber-Bosch Process
Benefits: Leverages the established Haber-Bosch process, which is well understood and widely deployed; Can be integrated into existing ammonia production facilities with modifications, reducing the need for entirely new infrastructure; Allows for large-scale production, matching the current industrial demand for ammonia. This has high energy consumption and operating at high pressures and temperatures, even when using green hydrogen; The Haber-Bosch process is inherently energy-intensive and less flexible to scale down, making it challenging for decentralized production; Still relies on significant infrastructure and capital investment, including for air separation units.

3. Alternative Ammonia Synthesis Routes
Electrochemical Ammonia Synthesis: Direct conversion of nitrogen and water to ammonia, potentially bypassing the need for hydrogen, which could simplify the process; Lower temperatures and pressures than Haber-Bosch, potentially reducing energy costs; High potential for decentralized and small-scale production. Currently in the research stage with many technological barriers to overcome, including low efficiency and production rates; Lack of proven large-scale systems and uncertainty about long-term durability and scalability.

Photocatalytic Ammonia Production: Uses sunlight as a direct energy source, potentially making it highly sustainable and low-cost once mature; Operates at ambient temperature and pressure, simplifying the system design; Potential for distributed production in locations with abundant sunlight. Currently very low efficiency and still in early experimental phases; Requires advanced catalyst development and optimization for practical use; Significant scalability and reliability challenges remain unresolved.

4. Bioelectrochemical Production; Can utilize biological processes, potentially making the system self-sustaining and less reliant on external energy inputs; Low-temperature operation with the potential for innovative integration into waste treatment or biogas systems; Potential for using renewable organic waste as input, enhancing sustainability; it is Currently at a very early stage of development with low production rates and efficiency; Complex system integration with electrochemical processes and control of microbial activity; Potential challenges with scale-up and maintaining consistency in industrial environments.

5. Plasma Catalysis: Operates at lower temperatures and pressures than the Haber-Bosch process, potentially reducing energy requirements; Highly flexible and can be scaled down for small, decentralized production units; Fast reaction kinetics and potential for on-site ammonia production using air and renewable electricity. This technology is still in the developmental phase with challenges in energy efficiency and catalyst durability; High initial capital cost due to the need for advanced plasma systems and control technologies; Limited data on long-term operational stability and cost-effectiveness at scale.

6.6. The proposed development as described in the EIA report

From analyzing the options, electrolysis is found to offer a robust, flexible, and environmentally friendly method for producing green ammonia, making it an appealing choice for clients prioritizing sustainability, reliability, and scalability. Its ability to integrate seamlessly with renewable energy sources, coupled with its proven track record and eligibility for green financing, makes it a compelling option in the drive toward sustainable industrial processes.

Under this option, the developer would be issued with an ESIA license. The Proponent will then comply with all environmental measures during the construction period and operational phases. The impacts and mitigation measures for this alternative are discussed in detail throughout this report. The merits of this alternative are as follows:

The property (land) value in the area will appreciate;

· Security will be alleviated as the visual and aesthetic amenities are improved;

· The community will have a potential source of income through the supply of materials and services, and employment opportunities;

· Revenue from the project will improve local and national economies; and
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CHAPTER SEVEN: POTENTIAL ENVIRONMENTAL IMPACTS AND MITIGATION MEASURES

7.1. Introduction

The environmental baseline information collected and the project characteristics discussed form the basis for impact identification and evaluation. Assessment of impacts depends on the nature and magnitude of the activities being undertaken as well as the type of environmental control measures that are envisaged as part of the project proposal. The impacts that are expected to arise from the proposed project could be termed either as positive or negative, direct or indirect, short-term or long-term, temporary or permanent depending on their nature, area of coverage and their duration in the environment. Impacts have been identified and discussed in all phases of the proposed project (construction and/ or installation, operational and decommissioning). Most impact mitigation have already been proactively addressed in the project activities, legal and regulatory framework and from the public participation process while others will be incorporated during the implementation of the project as guided by the EMP developed in this project report. The impacts were determined based on ground-truthing observations, stakeholder engagements, professional judgment, technical realities based on the project design and baseline information.

Positive Impacts of Producing Green Ammonia Fertilizers
1. Reduced Carbon Emissions: Green ammonia production uses renewable energy sources like wind, solar, or hydropower instead of fossil fuels, significantly reducing carbon dioxide emissions.
2. Sustainable Agriculture: Green ammonia fertilizers provide a sustainable alternative for enhancing crop yields, reducing the environmental footprint of conventional fertilizers.

3. Energy Storage and Transport: Ammonia can serve as a potential energy carrier, providing a way to store and transport renewable energy, especially in regions with abundant renewable resources.

      Social Impacts of Producing Green Ammonia Fertilizers

1. Job Creation: The development of green ammonia production facilities can create new jobs in various sectors, including manufacturing, renewable energy, and logistics. To maximize social benefits, provide training programs and education to equip the local workforce with the necessary skills for these new jobs.

2. Community Development: Investment in green ammonia production can lead to broader infrastructure improvements, such as better roads, energy systems, and water supply in the surrounding communities. The proponent to ensure that the benefits of infrastructure development are equitably distributed and that local communities are involved in decision-making processes.

3. Health Benefits: Reducing reliance on fossil fuels and minimizing emissions during fertilizer production can improve air quality, leading to better public health outcomes in communities near production sites. The proponent to continuously monitor air and water quality to ensure that health benefits are maintained and address any emerging concerns promptly.

4. Impact on Local Agriculture: Green ammonia fertilizers can support sustainable agricultural practices, potentially increasing crop yields and farmers' incomes, particularly in rural areas. The proponent to provide education and support to farmers on the appropriate use of green ammonia fertilizers to prevent overuse and ensure long-term soil health.

5. Energy Accessibility: Green ammonia production could drive local energy developments, increasing energy access for nearby communities, particularly in regions with poor energy infrastructure. The proponent to design energy infrastructure projects to include provisions for local energy needs, ensuring that communities benefit directly from the increased energy capacity.

7.2. Impacts by project phase

The proposed project has three phases; construction and/ or installation, operation and decommissioning. During the construction and/ or installation period, some the impact on environment will be of temporary nature while others will be of permanent nature. There will be conspicuous changes in the surrounding land-use as compared to the current conditions. During operation period, the impact on environment will be generally of permanent nature and long-term with changes in the surrounding environment as compared to the current conditions.

7.3. Potential adverse impacts during the construction phase

During the construction phase, the following operations and processes are likely to result into significant impacts: removal of vegetation; excavation; movement of vehicles and machinery; water and energy resource-use and use of solid and liquid materials.

7.3.1 Removal and disturbance of flora and fauna

7.3.1.1 Assessment

The proposed site is under grasses, forbs and shrubs. There are some scattered trees. Most of these plants will be cleared to pave way for the construction and/ or installation of the proposed structures. The trees to be affect are shrubs and scattered exotic species and grass. With the removal of fauna, several species of plants are threatened with death. There is a rich diversity of fauna mainly arthropods, moles, birds and reptiles whose life is depended on the plants for shelter and food. The habitats of these animals will be altered or destroyed by clearing of these plants. Loss of vegetation from the site also means loss of valuable food for these animals leading to eventual death and/ or displacement. Moving vehicles, machines and people used to ease the construction work will create additional damage to vegetation by their movement on the plants. The pressure to be exerted on the plants by the heavy vehicles, machines and people may kill plants or interfere with their biological processes.

7.3.1.2 Mitigation

It is impossible to avoid vegetation removal and disturbance during the construction phase. It is however important to ensure that any flora and fauna removal and disturbance is restricted to the actual project area to avoid spill-over effects to neighbouring areas and that the same are restored. The following will be adhered to in managing cleared and disturbed vegetation:

a) Properly demarcate the project area to be affected by removal or destruction of vegetation in order to avoid spillover effects to neighbouring areas.

b) Spare some of the plants and re-establish some plants in some of the affected areas through a well-designed landscaping programme by planting of appropriate plants. Part of the topsoil excavated from the site can be re-spread in areas to be landscaped to enhance plant health.

c) Strictly control construction vehicles and machinery in order to ensure that they operate judiciously and over designated areas to minimize destruction of vegetation.

7.3.2 Excavation

7.3.2.1 Assessment

Excavation just like clearance of vegetation alters and/ or destroys the habitats of these organisms. Excavation results into loose soil making soil prone to both water and/ or wind erosion. This causes a disturbance in soil quality and structure though on a localized scale. Soil erosion results into siltation of water bodies receiving the run-off and eventually flooding in the lower areas.

7.3.2.2 Mitigation

(a) Properly demarcate the project area to be affected by excavation works in order to avoid spillover effects to neighbouring areas.

(b) Carry out all excavation and cutting as instructed in the approved designs for the proposed structures.

(c) Cover all voids at the site including water-holding pans or fill them up after construction to avoid injuries to people or prevent water stagnating in them that would result in breeding grounds for mosquitoes.

7.3.3 Excess excavated soil

7.3.3.1 Assessment

Some excavation is likely to take place at the proposed project site. Though most of the excavated soil will be utilized on site to adjust levels where necessary, if excess soil is not properly disposed, it is likely to result into nuisance as a source of solid wastes, dust and silt. Soil particles in form of dust in the air may cause respiratory diseases when they are inhaled.

7.3.3.2 Mitigation

(a) Part of the excavated topsoil to be re-spread in areas to be landscaped to enhance plant health.

(b) Excess soil could be used in leveling the site, making bricks for other uses or be used in filling road potholes.

7.3.4 Extraction and use of construction materials

7.3.4.1 Assessment

The proposed project will require significant amounts of materials. The overall environmental impacts will be significant because of amounts required. Many construction materials are components of natural resources and their extraction has an effect of depletion of land resources and the subsequent off-site degradation of the environment.

7.3.4.2 Mitigation

a) Evaluate the project to ensure that the design optimizes the use of materials.

b) Properly plan for the transportation of materials will ensure that products of fossil fuels (diesel and petrol) are not excessively consumed.

7.3.5 Soil compaction

7.3.5.1 Assessment

Ground moving machines compact soils. Compaction has the undesired effect of hindering air and water penetration beneath the soil surface and thus limiting aerobic activities of soil dwelling organisms. This may have negative consequences on soil productivity though at a localized scale. Compaction also enhances run-off during the rainy season resulting into soil erosion. Because the solar plant project area does not need soil to be productivity on it’s surface, compacting of the soil will not affect, thus no mitigation is required. A properly designed surface drainage system is considered to slow down water run-off and thus erosion.

7.3.5.2 Mitigation for special areas of the project

(a) Strictly control construction vehicles to ensure that they operate judiciously and over designated areas to reduce soil compaction.

(b) Any compacted areas should be ripped off after construction to allow aeration of soil and ease infiltration of water into the soil.

7.3.6 Noise and vibrations

7.3.6.1 Assessment

Noise is unavoidable during the construction period. The construction works will most likely be a noisy operation due to the machines such as concrete mixers, incoming vehicles to deliver construction materials and communication among workers. The noise generated during any construction is at best described as part of a normal occupational hazard that workers in the construction industry face. Noise levels in construction works are usually below the threshold limit 90 dBA (can be transmitted to over 30 M away) that workers can be exposed to in an 8 Hrs working day and is consequently not of any major concern. Operations, people and wild animals especially birds in the neighbourhood are likely to be affected since noise beyond 85 dBA (can be transmitted up to 30 M away) is itself a nuisance. The significance of noise impacts depends on whether the project would increase noise levels above the existing ambient levels by introducing new sources of noise. Noise and vibration impacts would be considered significant if:

(a) The proposed project would result in a substantial permanent increase in ambient noise levels of more than 90 dBA in the project vicinity;

(b) There would be exposure of persons to or generation of excessive ground-borne vibration or noise levels; and

(c) There develops a substantial temporary or periodic increase in ambient noise levels in the project vicinity above levels existing without the project.

The nearest neighbours to the proposed site are not less than 50 m away. Therefore, the noise effects on neighbours will not be a major concern. The effects of noise and vibrations include:

(a) Nuisance;

(b) Noise interferes with communication and can lead to tinnitus (ringing in the ears);

(c) Fatigue and tiredness, reduced efficiency, low morale and severe and permanent loss of hearing which may persist for several hours due to prolonged exposure to noise;

(d) Deterioration of the environment within the project site and the surrounding areas through vibrations produced by heavy construction machinery thus weakening adjacent buildings resulting into cracking of their walls by vibrations.

7.3.6.2 Mitigation

Noise is to be minimized at the site and in the surrounding areas through:

(a) Sensitization of truck drivers to switch off vehicle engines while offloading materials;

(b) Instructing truck drivers to avoid running of vehicle engines or hooting especially when passing through noise-sensitive areas such as worship and residential areas, hospitals and schools;

(c) Properly servicing and maintaining and tuning construction machinery such as generators and other heavy duty equipment to reduce noise generation or placing them in enclosures to minimize ambient noise levels; and

(d) Adhering to Kenya Noise Prevention and Control rule passed in 1996 under legal notice No. 296 as a subsidiary legislation to OSHA, 2007 that require putting in place several measures that will mitigate noise pollution.

The following noise-suppression techniques will be employed to minimize the impacts of temporary construction noise and vibration:

(a) Maintain reasonable working duration whenever possible to reduce the number of complaints concerning noise from the neighbouring residents;

(b) Operate shorter shift-periods for workers who come in direct contact with high concentrations of noise or other hazard in compliance with the rule which states that, “No worker shall be exposed to noise levels in excess of the continuous equivalent of 90 dBA for more than 8 Hrs within any 24-hr duration”;

(c) Post notices at the construction site informing the public of the construction activities, time and day; and

(d) Provide ear protective devices to prevent high frequency noise emitted by the high frequency machines.

7.3.7 Construction wastes and pollution

7.3.7.1 Assessment

During the construction phase, construction wastes including excess soil will form the main sources of pollutant. Potential sources of pollution may include:

(a) Spillage of paints, cement and chemicals;

(b) Improper disposal from the site of liquid and solid wastes including excess excavated soil;

(c) Dust from the excavation, stone shaping areas and from trucks carrying construction materials;

(d) Pieces of wood, solar modules, metals, glasses and tins among other materials;

(e) Uncontrolled burning of wastes; and

(f) Exhaust emissions containing contaminants such as nitrates and carbon-dioxide CO2 from automobiles including vehicles and machines and possible burning of wastes at the site.

7.3.7.2 Mitigation

All personnel working on the project are to be trained prior to starting construction. Specific training should be focused on minimizing dust and exhaust gas emissions from heavy construction vehicles. Construction vehicles’ drivers will be under strict supervision and instructions to minimize unnecessary trips and minimize idling of engines. Dust emissions will be controlled by the following measures:

(a) Covering all trucks hauling soil, sand and other loose materials and/ or requiring all trucks to maintain at least two feet of freeboard;

(b) Watering all dust-active construction areas to reduce dust emissions; and

(c) Paving or applying water or applying non-toxic soil stabilizers when necessary on all unpaved access roads and parking areas.

In order to reduce exhaust emissions, the following measures shall be implemented:

(a) Vehicle idling time will be minimized;

(b) Equipment will be properly tuned and maintained to good working conditions; and

(c) Proper planning of transportation of materials will be done to ensure that vehicle fills are increased in order to reduce the number of trips done or the number of vehicles on the road.

The following are the suggested measures to be observed during the construction of the proposed project so as to manage the effects of pollution:

(a) Carefully handle chemicals and other potential pollutants. This should be achieved through prior training and education of the workers on use and safe disposal of these materials.

(b) Sawdust to be spread over spilt liquid pollutants and later be burned at a designated site away from any flammable materials at the construction site.

(c) Have a fully equipped First Aid kit on the site at all times and ensure that trained First Aid personnel are available to handle any incidents due to pollution at site.

(d) The contractor should provide PPE to all construction workers. PPE include masks, goggles, scarfs, footwear especially boots and overalls among other protective clothing as spelt out under section 101 (1) of OSHA, 2007.

(e) Regular dust control especially by spraying water during dry spells.

(f) Operation of shorter shift period for workers in highly polluted working areas.

(g) Ensure presence of sanitary and waste disposal facilities at the construction site and their high standards of cleanliness.

(h) Any deliberate and purposeful burning must be controlled and supervised.

(i) Where possible material considered as waste may be reused or recycled or be given to who may consider them useful for others uses.

During the transition from the construction phase to the operation phase, the following will be done:

(a) Removal and appropriate disposal of all wastes from the site;

(b) Extension of sanitary and waste collection facilities at the site;

(c) Rehabilitation of any areas adversely affected by the construction through spillages of pollutants: liquids, chemicals, cement and paint among others at the site and any other areas disturbed because of the construction outside the site.

7.4 Potential adverse impacts cutting across the construction and operation phases

The impacts as discussed below will affect the proposed project during the construction and operation phases.

7.4.1 Potential visual impacts

7.4.1.1 Assessment

During the construction phase, related traffic in terms of traffic and construction workers will frequent the area and may cause a visual nuisance to other road users, area residents and landowners in the area. However, this will only last for less than 24 months after which the traffic flow in the area as a result of the construction will stop. After construction, the net result will be the solar power infrastructure and other related infrastructure and this will be visible from a radius of more than 1 Km of the proposed site due to the relatively flat topography. However, visual intrusion is highly dependent on the installed PV systems.

7.4.1.2 Mitigation

It will not be easy to mitigate visual impacts as no amount of vegetation screening or landscaping may be able to hide structures of these dimensions. However, the following will help reduce the effects of the visual impact: Optimal architectural solutions to minimize potential impact on visual amenity and building aesthetics e.g. through PV integration into buildings and other installations;

(a) Proper siting and design of large PV installations;

(b) Proper choice of colour to not stand out in between the PV modules with brighter colours;

(c) Properly plan the ancillary infrastructure with due respect of the topography;

(d) Rehabilitate all disturbed areas;

(e) Maintain all infrastructure and the general surrounds in a neat and appealing way;

(f) Carefully consider the placement of lay down areas and temporary construction camps in order to not negatively influence the future perception of the facility; and

(g) Manage all secondary visual impacts associated with the construction phase, such as the sight of construction vehicles, dust and construction litter.

7.4.2 Fire

7.4.2.1 Assessment

Even though fires are unpredictable, they are realities bearing in mind that the proposed site is full of flammable materials consisting of the vegetation. Fires may start from lightening, leaking methane gas cylinders, poor handling of electrical appliances, leaving flammable material near fire points and careless disposal of lighting match sticks or cigarette stabs among others. If appropriate measures are not put in place, a fire outbreak can occur and cause great damage to property and even lead to death.

7.4.2.2 Mitigation

The following measures are important in mitigation of fires:

(a) Places with flammable materials will be declared “NO SMOKING ZONES” and clear notices of the same be displayed.

(b) Installation of fire extinguishers at strategic locations within and outside specific rooms such as stores and on the corridors as fire suppression measures. Areas where food is prepared should be equipped with fire blankets. An inventory should be made detailing all fire protection measures.

(c) The “FIRE EXIT” points from the buildings should clearly be seen.

(d) Fire Assembly points will be established and marked at specific outdoor points.

(e) Regular training of personnel concerning emergencies including those involving fire out-breaks.

(f) Regular inspection of the firefighting equipment, which must be available on the site at all times.

(g) Subject to availability of resources fire alarms incorporating smoke sensors should be installed, especially at the interconnection facilities.

(h) Enough parking spaces will be provided for emergency vehicles.

7.4.3 Risks Associated with the Production of Green Ammonia Fertilizers

The production of green ammonia fertilizers involves various risks, including safety hazards, environmental concerns, and economic challenges. Effective risk management strategies, including robust safety protocols, environmental protections, and careful planning, are essential to mitigate these risks and ensure the sustainable and safe production of green ammonia.

1. Safety Hazards: Ammonia is a highly toxic and corrosive substance, posing significant risks if there are leaks, spills, or accidents during production, storage, or transport. Exposure can cause respiratory problems, skin burns, and other health issues.
Mitigation: Implement strict safety protocols, regular maintenance checks, and advanced leak detection systems. Provide training for workers and emergency response teams to handle potential accidents.

2. Environmental Contamination: Accidental releases of ammonia into the environment can contaminate water bodies, soil, and air, leading to ecological damage and affecting local wildlife.

Mitigation: Ensure robust containment measures, such as double-walled tanks and secondary containment systems, are in place. Conduct regular environmental monitoring and establish rapid response plans for containment and remediation in case of leaks.

3. High Energy Consumption: Although green ammonia production uses renewable energy, the process is still energy-intensive. If the energy supply is not consistent or reliable, it could lead to increased costs or operational inefficiencies.

Mitigation: Develop integrated energy management systems that include energy storage solutions to buffer against fluctuations in renewable energy supply. Optimize energy efficiency in production processes to reduce overall demand.

4. Water Resource Depletion: The electrolysis process used in green ammonia production requires significant amounts of water, which could strain local water resources, especially in arid regions.

Mitigation: Employ water-saving technologies, such as water recycling and reuse systems. Assess water availability in potential production locations to avoid exacerbating local water scarcity issues.

5. Economic Viability: The high initial costs of establishing green ammonia production facilities and the potential for fluctuating energy prices could make the economic viability of the project uncertain, particularly during the early stages.

Mitigation: Secure long-term contracts for renewable energy supply at stable prices, and explore government subsidies, incentives, or partnerships to offset initial costs. Gradually scale production to manage financial risks.

6. Regulatory and Compliance Risks: Green ammonia production may be subject to stringent environmental, safety, and health regulations, which can vary across regions and evolve over time. Non-compliance could lead to legal challenges, fines, or shutdowns.

Mitigation: Stay informed about relevant regulations and ensure that all operations meet or exceed legal requirements. Engage with regulatory bodies early in the planning process and maintain transparency in operations to foster positive relationships with regulators.

7. Public Perception and Acceptance: The introduction of green ammonia production facilities may face opposition from local communities or environmental groups concerned about safety, environmental impacts, or land use.

Mitigation: Engage with local communities and stakeholders from the outset, providing clear information about the benefits and safety measures in place. Address concerns transparently and involve the community in decision-making processes.

7.4.4 Impacts on Water Resources from Green Ammonia Fertilizer Production

Positive Impacts on Water Resources
1. Reduced Water Pollution from Fertilizer Runoff: Green ammonia fertilizers can be more efficiently managed and applied, potentially reducing the risk of nutrient runoff into nearby water bodies compared to traditional fertilizers. This can minimize the eutrophication of lakes, rivers, and coastal areas, where excess nutrients lead to algal blooms, oxygen depletion, and the death of aquatic life. The outcome is improved water quality in agricultural areas, leading to healthier aquatic ecosystems and safer drinking water sources.

2. Sustainable Water Management Practices: The production of green ammonia can encourage the adoption of water-efficient technologies and practices, such as the use of water recycling systems and low-water-use electrolysis processes. The outcome will be by optimizing water use and reducing overall water consumption, green ammonia production can support sustainable water resource management in industrial settings.

7.4.5 Degradation of air quality

7.4.5.1 Assessment

Air quality may be affected by dust that will be generated from housekeeping activities such as: sweeping, exhaust emissions, decomposing wastes, use of loose materials such as cement and excavation works and burning of wastes. Degradation of air quality will be worsened especially if there will be indoor congestion and if the solid wastes will be left uncollected for a long time. Exhaust emissions will include CO due to incomplete combustion of fuel in poorly maintained vehicles coming at the site. The effects of the emissions may range from respiratory problems to affecting reproduction and development. Most of the pollutants are carcinogenic while others can contaminate food chains. Green ammonia production relies on renewable energy sources like wind, solar, or hydroelectric power, which do not emit greenhouse gases (GHGs) during energy generation. This reduces the overall carbon footprint of ammonia production compared to traditional methods that rely on fossil fuels. This will Lower GHG emissions contribute to improved air quality by reducing the concentration of carbon dioxide (CO₂) and other harmful pollutants in the atmosphere, helping mitigate climate change and its associated air quality impacts. During production, storage, or transportation of ammonia, there is a risk of accidental releases or fugitive emissions of ammonia gas into the atmosphere. Ammonia can react with other pollutants to form particulate matter (PM2.5), which is harmful to respiratory health. Increased ammonia concentrations in the air can lead to the formation of secondary particulate matter, contributing to air pollution and associated health risks such as respiratory and cardiovascular diseases.

7.4.5.2 Potential for Ammonia Slip: In certain processes, like the selective catalytic reduction (SCR) systems used to reduce NOₓ emissions in industrial operations, there is a possibility of "ammonia slip," where unreacted ammonia is released into the atmosphere.  Ammonia slip can contribute to air pollution, particularly in areas near production facilities, leading to localized air quality degradation.

7.4.5.3 Mitigation Strategies for green ammonia production

Leak Detection and Prevention: Implement advanced leak detection systems and regular maintenance protocols to minimize the risk of accidental ammonia releases. This includes the use of sensors, alarms, and automated shutoff systems to quickly detect and respond to leaks. Use emission control technologies, such as scrubbers and catalytic converters, to capture and neutralize any ammonia emissions before they are released into the atmosphere. Additionally, optimize production processes to minimize the likelihood of ammonia slip. Effective emission control measures ensure that air quality impacts are minimized, protecting both the environment and public health. Establish continuous air quality monitoring around production facilities to track ammonia and other pollutant levels. This allows for real-time detection of any deviations from acceptable levels and enables swift corrective actions. Continuous monitoring ensures compliance with air quality standards and helps maintain a safe environment for workers and nearby communities.

7.4.6 Impacts on water resources

7.4.6.3 Assessment

Potential impacts on water resources could result from: reduced percolation to ground due to increase in non-permeable surfaces; contamination of water sources from waste water and chemicals, fuel and oil spills or leaks from various areas and sedimentation of River Kipsenende and the swampy areas near the proposed site. When it rains, a lot of storm water flows over land in the areas and this water carries away light and sometimes heavy materials along with it. Run-off will be high in areas with sealed or covered ground surfaces as this sealing inhibits percolation and consequent infiltration. If the sites for dumping solid wastes are not well taken care of, they may cause contamination to ground water source through leaching of contaminants.

7.4.6.2. Mitigation

(a) Use of porous pavements and/ or spaced slabs on pavements to facilitate infiltration.

(b) Planting trees and grass strips as a measure to increase the resident time of storm water on the ground to facilitate percolation and infiltration.

(c) Implementation of a spill contingency plan/ containment that will reduce the risk of pollution from leakages and spills.

(d) Proper management of wastes.

(e) Installation of gutters and construction of tanks to harvest and store rain water so as to reduce run-off generation when it rains.

(f) Designing and construction of curbs, channels, side inlets and road side ditches to channel water into drainage lines in order to prevent ponding and flooding.

(g) Standard concrete sidewalks need to be abandoned in favour of grass verges to facilitate percolation.

(h) Keeping all drainage open and building no obstructions within these lines.

7.4.7. Other solid wastes other than construction wastes

7.4.7.1 Assessment

At the operation phase, there will be minimal waste generation. The nature of the project does not concern any activity leading to a lot of waste generation either solid or liquid waste. Some of the solid wastes will consist of wastes produced from the offices and stores. These wastes will include waste paper, packaging material and inorganic wastes such as food left-overs among others. other wastes include dead and/ or used up lamps, fans, radios and TVs and/ or their components. An on-grid solar installation such as the proposed PV power plant is composed of PV panels; control devices such as charge controllers and inverters; plastic or metal casing; switches; and batteries. These are connected by cables. The life-time of each component varies significantly depending on the quality of individual devices, the type and intensity of use and the general use-conditions such as temperature and moisture. 

With poor handling, wastes can be injurious to the environment through blockage of drainage systems, choking of water bodies and negative impacts on animal health or be a potential source of disease pathogens or form breeding grounds for: disease causing vectors such as mosquitoes; rats; cockroaches and lice and other vermin leading to increase in incidence of associated diseases. Some of these waste materials especially the plastic/ polythene are not biodegradable hence may cause long-term injurious effects to the environment. Even the biodegradable ones such as organic wastes may be injurious to the environment because as they decompose, they produce methane gas, a powerful greenhouse gas that contributes significantly to global warming. Li-ion batteries do not have heavy metals. However, there are various constituent parts with potentially negative effects on human health and ecosystems (GIZ, 2018).

  Mitigation

The Proponent is to be responsible for efficient management of solid waste generated by the project during its operation. In this regard, the Proponent is to:

Provide waste handling facilities such as waste bins at strategic points within and outside the buildings for temporarily holding wastes generated;

Put in place an efficient waste management scheme that will prevent the accumulation of uncontrolled wastes, as well as an efficient collection system and off-site disposal;

Install double bins for separate collection of recyclable and non-recyclable wastes; and

Ensure the collection and disposal of the wastes is done regularly and appropriately.

Used up or dead Li-ion batteries will be collected and and taken to appropriate treatment and/ or recycling facilities. Such will need first the accumulation and management of larger battery volumes. A thermal runaway of one cell can ignite other cells and cause larger battery fires damaging entire storage and recycling facilities. The following will be adhered to in order to ensure secure storage, accumulation, transportation and recycling:

a) Manual discharge of batteries – A full discharge of all cells to effectively minimize fire risks. (Care must be taken to ensure that workers are not subjected to electrical shocks).

b) Prolonged storage (several weeks) to make use of self-discharge effects prior to transportation.

c) Storage in buckets/ drums that are placed in some distance from each other so that a  fire in one bucket cannot ignite batteries in other buckets.

d) Storage and transport of Li-ion batteries embedded in sand (in buckets or drums). This will ensure that in case of a thermal runaway, the developed heat is absorbed by the surrounding sand and produces a glass-like enclosure around the battery.

e) Permanent monitoring of temperatures in storage drums. (In case of temperature increases, take fire-fighting measures immediately).

7.4.8 Sewerage and wastewater

7.4.8.1 Assessment

The wastewater could arise from water used in cleaning. Workers and visitors will respond to calls of nature. Absence of sanitary facilities will mean that the workers and other people at the site will use the nearby bushes to answer calls of nature. When it rains, accidental flooding of the sewerage system can flush into the storm drainage system thereby creating biological hazards. Sewage and wastewater have associated problems when they leak into the environment. Such problems include poor sanitation, nuisance and associated diarrhoea diseases. Poor surface drain management or large amounts of effluents may lead to blockage of drains that in turn could result to flooding and unsanitary conditions within the neighbourhood. Blocked drains produce bad odour and are a threat to general health, hence are not environmentally.

7.4.8.2  Mitigation

(a) Sanitary facilities will be constructed and these will either be pit latrines for ladies and gents and urinal areas for men or in-house flush toilets and bathrooms and will be cleaned every day.

(b) The diameter of the wastewater and sewage pipes will be made large enough and will be regularly maintained.

(c) Inspection of the sewerage and wastewater drainage systems from the premises will be carried out regularly to detect breakages and make repairs in order to minimize risks of flushing.

(d) Septic tanks to be de-sludged whenever they near filling up or when they fill up.

7.4.9 Increased traffic flow

7.4.9.1 Assessment

During the construction, there will be an influx of traffic to and from the proposed construction site. There will be increased movement for both vehicles and people on the road. Vehicles include those to be used in facilitating the construction work for example transportation of construction materials and/ or construction workers or supervisors to the site. People coming to the site will be those seeking employment opportunities, workers, managers, environmental inspectors and suppliers of foodstuffs to the construction workers. Though increased traffic during construction is a short-term impact, it has the effect of causing congestion on the road that may subsequently result in accidents. In addition, traffic flow on the access roads in the area is likely not to be affected. During the operation phase, traffic flow will not be a major concern at the site due to the reduced number of vehicles coming to the site.
7.4.9.2  Mitigation

· Adequate space to be created at the entry and/ or exit to the site and at the parking in order to give drivers enough room to manoeuvre into and out of the construction site.

· Road signage to be provided to alert road users of the presence of the construction.

· Proper planning and transportation of materials to ensure that vehicle fills are increased in order to reduce the number of trips done or the number of vehicles on the road.
7.4.10 Increase spread of STDs, HIV and AIDS

7.4.10.1 Assessment

There is likely to be an increased in incidences of sexually transmitted diseases including HIV and AIDS as a result of population influx. The Proponent will work closely with health Agencies in order to come with a comprehensive STD, HIV and AIDs control programmes. This impact will be high due to an increase in people from other areas and associated flow of income.

7.4.10.2 Mitigation measures to minimize the spread of STDs, HIV and AIDS

a) Develop a comprehensive STDS, HIV and AIDs control and awareness programme such as provision of condom dispensers in places which are accessible by all people.

b) Creation of awareness of STDs, HIV and AIDS in workers camps through trainings and posters.

c) Recruit the biggest workforce from the area so that the area residents can always return to their homes.

7.4.11 Gender and equality biases

7.4.11.1 Assessment

Gender and equality biases may be the basis of differential treatment of persons based on their sex roles, ethnicity, status, religion, race, age, beliefs and disability among other attributes. Employment is one major area where biasness is likely to occur.

7.4.11.2 Mitigation

a) Undertake gender mainstreaming at project design, implementation/ construction, operation and decommissioning stages.

b) Incorporate best practices in gender mainstreaming from project partners.

7.5 Safety at the construction site

The Proponent will contract approved and licensed specialists to be in charge of specialized operations at the construction site. These include the contractors for the construction, wiring and installations among other specialized activities. These specialists shall put the following in place in order to ensure safety at the construction site:

(a) Fence the construction site using iron mesh supported on wooden or steel posts.

(b) Supervise all specialty works at the site.

(c) Adopt proper working procedures when handling tasks and when working with machines and equipment.

(d) Keep all passages clear at all times.

(e) Ensure all workers in dangerous areas put on appropriate PPE.

(f) Support all structures under construction.

(g) Remove all soil, boulders and other heavy materials from the edges of excavations.

(h) Remove and dispose all wastes in designated areas whenever they are produced.

(i) Put in place an appropriate Emergency Response Plan (ERP) including having emergency telephone/ mobile phone numbers conspiquously displayed at the site especially at places where everybody at the site can see them.

7.6 The decommissioning plan

It is expected that the proposed building will be used for many years to come. However, decommissioning could be in the form of permanent withdrawal from the site or change of use of the site. Demolition of structures is the most critical part of decommissioning. Demolition is associated with a number of impacts. The impacts include:

a) The demolition works may lead to significant deterioration of the environment within the project site and the surrounding areas through noise and vibrations.

b) Large quantities of dust will be generated during demolition works. Exhaust emissions will result from the machinery and equipment used in demolition.

c) Demolition of the structure will result in large quantities of solid wastes. The wastes will contain the materials used in construction including soil, concrete and metals.

d) Impacts associated with occupational health and safety among others.

The following will be adhered to before decommissioning.

a) A decommissioning report will be prepared and submitted to NEMA at least three months before decommissioning takes place.

b) The use of the site or the structures may be changed to other appropriate uses after renovation, rehabilitation and some structural changes have taken place.

c) The decommissioning and alternative land-use options will be facilitated by appropriate professional personnel incorporating environmental experts; planners; public works officers and public health officers among others.

d) Mitigation for decommissioning phase impacts will follow general guidelines discussed in this report and in the decommissioning report.

7.7 Impacts related to occupational health and safety

7.7.1 Assessment

There are three main types of occupational health and safety hazards. These are physical, chemical and biological. Potential physical hazards at the proposed development during the construction and operational phases will ordinarily include noise, accidents and accidental occurrences. Chemical hazards will involve exposure to harmful gases and chemicals either by inhalation, ingestion or by skin contact especially of volatile chemicals that penetrate the body. Ammonia is a highly toxic substance, and exposure can occur during production, storage, or transportation. Workers and nearby communities are at risk of inhalation, skin contact, or eye exposure, which can cause respiratory issues, chemical burns, and other serious health problems. Accidental spills or leaks of ammonia during production, storage, or transport can pose significant health risks to workers and nearby populations. Inhalation of high concentrations of ammonia gas can cause severe respiratory distress, chemical burns to the eyes, throat, and lungs, and in extreme cases, can be fatal. If ammonia contaminates local water sources, it can be toxic to both humans and aquatic life. Drinking water contaminated with ammonia poses risks such as gastrointestinal distress, while exposure through recreational activities can cause skin irritation and respiratory issues. Workers involved in the production, handling, and transportation of green ammonia fertilizers are at risk of occupational hazards, including chemical burns, respiratory issues from inhalation of fumes, and other injuries related to handling hazardous materials. Biological hazards involve exposure to pathogenic organisms that may cause diseases. Specific areas of concern during production of electricity include:

(a) Fire hazards

(b) Congestion

(c) Noise and vibrations

(d) Poor sanitation and presence of potential environmental pollutants at the site including waste water, decomposing solid wastes, dust and exhaust emissions and used chemicals and equipment which could result into waterborne diseases such as typhoid.

(e) Accidents including cuts, pricks and bruises; electrocution from naked electrical cables; falling in uncovered manholes and trenches, from raised places and on slippery or poorly constructed floors and staircases and suffocation from gas accumulation or lack of oxygen in confined spaces. Accidents could result from lack of supervision and safety and job training, improper handling of machinery and hand tools and inappropriate carrying out of tasks.

7.7.2 Mitigation

Mitigation options to most of the occupational health and safety impacts: noise and vibrations; fires and dust and exhaust emissions have been discussed. Additional mitigation measures to other impacts are:
(a) Provide appropriate PPE, which must be worn in all situations where the body and skin are potentially exposed to hazards such as chemicals, harmful dusts, highly infectious wastes, sharp objects, burns and extreme temperature or are working in areas that present threatening experiences.

(b) Provide equipped First Aid kits and other first aid facilities and services.

(c) Ensure that trained First Aid personnel are available on site at all times to handle emergencies.

(d) Ensure adequate water supply to ensure high standards of sanitation that keeps to the minimum chances of disease outbreaks.

(e) In case pit latrines have to be constructed at the site, they should be constructed after advice from Public Health Officers to ensure underground water resources are not contaminated by human wastes.

(f) Control waterborne diseases by conducting regular maintenance of pipes and taps to fix leakages and prevent underground leakages that contaminate water. In addition, ensure sanitation at the site as outlined in this report and regularly conduct chemical and bacteriological quality of the water to ascertain its suitability for consumption and treating water before drinking using approved home-based treatment methods such as filtration using life-straw, boiling and use of chemicals such as water guard.

(g) Always keep clean all sanitary facilities.

(h) Frequently train personnel in order to make them have a basic understanding of the tasks they handle, the hazards involved and how to manage them.

(i) Ensure high standards of construction as recommended in the approved structural and architectural designs including providing a working space of at least 10 M3 excluding the space above 4 M high as per OSHA, 2007 and regular maintenance to increase the life of the building making it safe for occupation.

(j) Allow only controlled burning at the site.

(k) Provide hazard notifications, signage and warnings to warn visitors and staff of potential dangers that may exist in different areas of the facility, or warn the persons on potential consequences of their actions should be put in place.

(l) Fence the site to protect the site, provide privacy to the site, reduce cases of trespass and theft, also control entry by straying animals and therefore avoid conflicts between workers at the site and the surrounding community.

(m) Ensure employee welfare including provision of free or subsidized medical attendance if injured on work and making provisions for leaves and offs.

(n) Opening windows and using exhaust fans at strategic points to allow good air circulation into and out of the offices and working and learning areas.

(o) Advising workers and visitors to take precautions not to cause any effect on their own health or to the health of other persons.

7.8 Potential positive impacts

7.8.1 Immediate impacts during the construction phase

(a) 
Demand for raw materials: It is estimated that 70 % of the projects cost will be used in the procurement of materials and the machines. These include solar modules, sub-structure, inverters, cables, building stones, sand, steel and cement among others. The supply of certain materials like building stones, sand, steel and cement translates into boosting both the local and national economy. The multiplier’ effect of this project also translates into increased revenue to the county and national governments in terms of tax and other service charges.

(b) Creation of employment opportunities: It is estimated that 30 % of the project cost will be or has been reflected in employment of professional services and labour. These includes professional services of physical planners, environmental experts, land surveyors, architects, agriculturists, engineers and skilled and unskilled labour for about 20 – 30 people. Indirect employment will be created where suppliers of foodstuffs and other goods and products will gain income by supplying their services and products to the construction site. The income to be earned will be used for the betterment of peoples’ lives and families thus improving their living standards.

(c) Capital into the economy: The proposed project will inject some capital into the economy.

7.8.2 Long term impacts during the operation phase

(a) Clean energy generation: Solar is a clean energy source in addition to wind, hydro, wave and biogas. It presents an opportunity for reducing atmospheric greenhouse gas emissions. In line with commitments to reduce greenhouse gas emissions, Kenya’s largest contributing sector, the energy sector, is taking steps to address this need. As a result, a transformation program is currently being employed to diversity to energy mix, so as to reduce a current dependency on fossil fuel derived electricity. The clean energy will be fed into the Kenya Power national grid.

(b) Improved security: Lighting up the proposed site after it starts operation will improve the security within the project area.

(c) Additional power capacity and increased volume of the national electrical grid: The project, upon completion will result in an additional energy generation source. This will increase electric power reliability and power supply capacity. This additional capacity would have a positive impact on the increasing power demands across the areas, in terms of economic empowerment, because Kenya Power would be able to supply more electric power.

(d) Employment generation: Employment opportunities are one of the long-term major impacts since people will be employed to work at the site ranging from casual to permanent employees such as plant operators. Indirect employment will be created for those who will open up businesses near the proposed site as a result of the opening up of the site by the project. The project will by extension help improve the living standards of those who will get employed and those who will use the facility to acquire knowledge to improve their future.

(e) Improvement of the physical environment: The proposed site layout plan is indeed an attractive modern design development project in the area. Spill-off infrastructure development will entail road expansions, drainage improvements, as well as an improvement to the general aesthetic of the area.

(f) Enhancement of the economy: The proposed development project is estimated to cost millions of Kenya shillings in the construction over a period less 12 months. This means that the project will inject substantial capital into the economy. For instance, it is estimated that 70 % of the project cost will be used in the procurement of in solar modules, substructure, inverters, cables, and locally available materials for construction such as stones, bricks, sand, steel, tiles and cement among others. The supply of these materials translates into boosting the economy at both local and national levels. The multiplier’ effect of this translates into increased revenue to the county and national governments in terms of tax and other service charges. In addition, there will be a positive gain for the revenue to be collected from the project Proponent by the government.

(g) Enhancement of public health and safety: The general enhancement of public health and safety will be achieved through improved drainage management and proper management of solid and liquid wastes.

(h) Optimal use of land: The proposed facility will optimized land-use in the most appropriate way possible and translates into enhanced land value in the area.
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CHAPTER EIGHT: ENVIRONMENTAL MANAGEMENT AND MONITORING

8.1. Environmental management

This section is intended to provide a concise structure of actions with specific priority levels for the management of the environment in all phases of the proposed project. Environmental management is best achieved by preparation and implementation of an EMP. The plan ensures that environmental impacts are identified and mitigated by outlining corresponding management strategies that need to be implemented to mitigate potential adverse environmental impacts and assigns responsibility for the implementation of the mitigation measures. All costs are estimates and may change in time and space. As project commencement and scheduling plans are developed and changed, components of the EMP might require amending. The EMP is generally prepared to ensure that the components of proposed project are operated in accordance with the design, standards and regulations. If the proposed development is implemented without any environmental management options, the total project impact will be on the appreciably adverse side. However, if the environmental management strategies discussed in the EMP are fully implemented, the adverse impact of the project would be reduced and there will be an overall improvement in the environment.

8.2. Environmental monitoring and audits and record keeping

Environmental monitoring and audits are conducted to establish if project implementation has complied with established environmental management standards. Environmental audits (EAs) are conducted annually beginning twelve months from the date of commissioning of the project to ensure that identified potential negative impacts are mitigated. EA reports will be submitted to the Authority in accordance with Section 68 (3) of the EMCA, 1999 (Cap. 387) (amended 2015). Environmental monitoring will best be achieved by keeping proper records of the progress of the facility. Some of the records to be kept include:

· Staff health records;

· List of materials according to approved classification schedule;

· Emergency management procedures such as fire response plans;

· Staff training records in environmental issues and periodic review notes; and

· Records of violations and notification of authorities’ correspondence in relation to the environment.

Table 8.1: Proposed IESMP for the construction phase of the proposed Kaptagat Green Ammonia Greenfield
	Area of concern
	Recommended measures
	Responsible party
	Approximate cost (Kshs.)

	Removal of vegetation, excavation and compaction and ground surface sealing

	· Localized loss of some plants and loss of valuable food and shelter for arthropods

· Alteration or destruction of animal habitats

· Death and/ or displacement of fauna
	Demarcate the project area to be affected by the construction works to avoid spill-over effects
	Proponent and contractor(s)
	10,000

	
	Re-establish vegetation through implementation of a well-designed landscaping programme
	Proponent
	80,000

	· Reduced percolation and infiltration

· Increased run-off

· Soil erosion and siltation

· Change of soil structure and texture
	Level the project site to reduce run-off velocity and increase infiltration of storm water into the soil
	Site Manager
	10,000

	
	Rip off any compacted areas to reduce run-off
	Site Manager
	80,000

	
	Provide inter-connected open drains as a measure to control movement of surface run-off
	Site Manager
	80,000

	
	Consider using porous pavements and/ or spaced slabs on pavements to facilitate infiltration
	Contractor(s)
	–

	
	Install gutters to harvest rainwater from the roof of the building and water tanks to store the harvested water and thus reduce surface run-off
	Proponent
	35,000 per

5,000 litre plastic tank

	Noise and vibration

	· Hearing problems

· Damage to the ears

· Lowering the strength of buildings
	Switch off machines and vehicles that are not in use
	Drivers and other machine operators


	–


	
	Recommended measures
	Responsible party
	Approximate cost (Kshs.)

	
	Keep all machinery in good condition to reduce noise generation
	Contractor(s), Site Manager and all drivers
	Service charges

	
	Avoid hooting of vehicles at the site and when passing through sensitive areas such as churches, schools and hospitals
	All drivers
	–

	
	Keep all generators and noisy equipment in sound proof rooms or in enclosures to minimize ambient noise levels
	Site Manager
	–

	
	Carry out noisy works only during the day time when most of the neighbours are at work
	Contractor(s) and Site Manager
	–

	
	Provide workers in noisy areas with ear muffs
	Site Foreman
	500 per worker

	Solid wastes

	· Environmental contamination

· Nuisance

· Health hazard
	Collect and dispose solid wastes from the site regularly
	Site Manager
	450,000

	
	Install double waste bins at each collection point to ensure separation of wastes into recyclable and non-recyclable
	Site Manager
	40,000

	
	Removed from site and/ or recycle/ re-use/ dispose all materials and equipment that will not have been used up
	Contractor(s) and Proponent
	55,000

	
	Use of an integrated solid waste management system (recycling, re-use, combustion, decomposition of organic matter and sanitary land filling)
	Contractor(s) and Proponent
	–

	Excess excavated soil
	Use excess excavated soil in filling road potholes
	Contractor(s)
	70,000

	Blockage of drainage systems
	Periodic checks and regular maintenance should be carried out on all drainage channels to remove obstructions
	Proponent
	55,000

	Extraction and usage of construction materials

	Area of concern
	Recommended measures
	Responsible party
	Approximate cost (Kshs.)

	· Depletion of resources

· Conflicts with other users
	Evaluate and plan for the project by quantifying material usage to ensure that the design optimizes the use of construction materials
	Proponent and quantity surveyor
	50,000

	
	Recycle and re-use some construction materials
	Proponent and Contractor(s)
	–

	· Solid wastes

· Pollution
	Purchase construction materials incrementally to avoid excess materials being left behind
	Contractor(s)
	–

	· Health hazard and pollution

· Off-site degradation of the environment
	Rehabilitate any areas adversely affected by the construction
	Contractor(s)
	25,000

	Dust and exhaust emissions

	· Health hazard

· Degradation of air quality

· Visual obscurity
	Sprinkle water on all dust-active areas including access roads to suppress dust
	Site Manager
	5,000 per day

	
	Pave or apply non-toxic soil stabilizers on all unpaved access roads and parking areas
	Contractor(s)
	25,000

	
	Cover all trucks hauling soil, sand and other loose materials
	Contractor(s)
	20,000

	
	Provide all construction workers with PPE
	Contractor(s)
	50,000

	
	Strictly enforce on-site speed limit regulations
	Site Manager
	–

	
	Avoid excavation works in extremely dry weathers
	Contractor(s)
	–

	
	Properly service, maintain and tune all equipment and machinery
	Contractor(s) and machine operators
	400,000 per

service

	Water-use


	Area of concern
	Recommended measures
	Responsible party
	Approximate cost (Kshs.)

	· Over-extraction of water resources

· Conflicts over water-use

· Increased demand on water resources

· Wastage of water
	Recycle and re-use water
	Contractor(s), Site Manager and workers
	–

	
	Ensure taps are not running when not in use
	Site Manager and workers
	–

	
	Conduct regular checks, inspections and maintenance of pipes, taps and storage containers and tanks to fix leakages
	Site Manager and workers
	5,000 per maintenance

	
	Use water wisely without wastage
	Site Manager and workers
	–

	
	Fix and use self-closing taps with shorter hand-wash cycles at some points of the building
	Proponent and Contractor(s)
	1,500 per tap

	Water shortage
	Construct bigger storage facilities to be able to cope with potential stresses in supply
	Contractor(s) and Proponent
	7,000 water tanks

	Sanitary inconveniences
	Construct de-sludgeable pit latrines, toilets and a septic tank and a soak pit for safe disposal of sewage and waste water respectively
	Proponent and Contractor(s)
	50,000

	Poor sanitation
	Properly use and clean sanitary facilities daily
	Site Manager and all workers
	3000 per day

	Energy consumption

	Over consumption of electricity
	Install meters to monitor energy consumption
	Contractor(s) and Proponent
	Kenya Power rates apply

	
	Switch off machines and all other electrical appliances when they are not in use and/ or install light sensor switches to ensure that artificial lightning is not used during the day
	Site Manager and all workers
	–


	Area of concern
	Recommended measures
	Responsible party
	Approximate cost (Kshs.)

	Damage to electrical appliances
	Weather proof all lighting and power points and install lightening arrestor
	Site Manager
	500,000

	Fires

	· Injuries and deaths

· Destruction of property
	Maintain first aid kits at the site
	Contractor(s) and Proponent
	1,500 per kit

	
	Fire Assembly points will be established and marked at specific outdoor points. Provide enough parking space that can give way for emergency vehicles.
	Contractor(s) and Proponent
	Factored 

	
	Prominently display ‘NO SMOKING’ signs at the site especially in areas where flammable materials are stored or used
	Site Manager
	20,000

	
	Regularly train personnel in relation to fire emergencies
	Contractor(s) and workers
	15,000 per

trainee

	
	Put in place a variety of fire prevention measures (fire extinguishers, fire blankets or sand buckets where appropriate)
	Contractor(s) and Site Manager
	7,000 per fire extinguisher, 3,000 per fire blanket, 500per sand bucket and 50,000 per fire hose reel

	Increased traffic flow

	Risks of accidents as vehicles and persons are entering or exiting the facility
	Place prominent signage alerting the presence of the construction site and a parking area
	Contractor(s) and Proponent
	15,000

	
	Regularly service vehicles to ensure that they are in good condition
	All drivers
	20,000 per

service

	Material storage and usage

	Spillages and food contamination
	All materials must be stored and used as outlined on their manufacturers’ data safety labels
	Proponent and Contractor(s)
	–

	Area of concern
	Recommended measures
	Responsible party
	Approximate cost (Kshs.)

	
	A distinction should be made in the store in such a way that non-food or poisonous materials are not mixed with food items
	Proponent and Contractor(s)
	–


Table 8.2: Proposed IESMP for the operation phase of the proposed Kaptagat Green Ammonia Greenfield
	Area of concern
	Recommended measures
	Responsible party
	Appr. cost (Kshs.)

	Solid wastes

	· Environmental contamination

· Nuisance

· Health hazard
	Use of an integrated solid waste management system (recycling, re-use, decomposing, combustion and sanitary land filling)
	Site Manager
	–

	
	Collect and dispose-off solid wastes from the site after every two days
	Site Manager
	1,000 every collection

	
	Ensure source separation and collection of wastes into recyclable and non-recyclable wastes by installation of double waste collection bins at each collection point
	Site Manager
	50,000

	
	Cover the solid waste collection areas to minimize invasion by pests and rodents or other animals
	Site Manager
	30,000

	Dust and exhaust emissions

	Area of concern
	Recommended measures
	Responsible party
	Approximate cost (Kshs.)

	· Health hazard

· Visual obscurity

· Degradation of air quality
	Water all dust-active areas by sprinkling with water to suppress dust
	Site Manager
	500 per day

	
	Minimize vehicle idling time
	All drivers
	–

	
	Properly service, maintain and tune all equipment
	Machine operators
	100,000 per

service

	
	Provide adequate ventilation in the houses by opening windows
	All workers
	–

	Water-use

	· Conflicts with other water users

· Wastage of water

· Increased demand on water resources
	Recycle and re-use water
	All workers
	–

	
	Ensure taps are not running when not in use
	Site Manager and all workers
	–

	
	Conduct regular checks, inspections and maintenance of pipes, taps and storage containers and tanks to fix leakages
	Site Manager
	50,000 per maintenance

	
	Construct a water pan for more water supply and storage
	Site manager
	7,00,000

	Waste water and sewerage and sanitary conveniences

	· Health hazard

· Degradation of water resources

· Pollution
	Properly use and clean sanitary facilities daily
	Site Manager
	1,000 per day

	
	Conduct regular checks to detect and correct sewage pipe blockages, damages and leakages
	Site Manager
	50,000 per maintenance

	
	De-sludge the septic tank whenever it fills up or where appropriate (For instance, every two years)
	Proponent
	50,000 per

service

	Risks Associated with the Production of Green Ammonia Fertilizers

	Safety Hazards: Ammonia is a highly toxic and corrosive substance, posing significant risks if there are leaks, spills, or accidents during production, storage, or transport. Exposure can cause respiratory problems, skin burns, and other health issues.
	Implement strict safety protocols, regular maintenance checks, and advanced leak detection systems. Provide training for workers and emergency response teams to handle potential accidents.
	Site Manager

Proponent
	150,000

	Environmental Contamination: Accidental releases of ammonia into the environment can contaminate water bodies, soil, and air, leading to ecological damage and affecting local wildlife
	Ensure robust containment measures, such as double-walled tanks and secondary containment systems, are in place. Conduct regular environmental monitoring and establish rapid response plans for containment and remediation in case of leaks.
	Site Manager

Proponent
	200,000

	High Energy Consumption: 
	Develop integrated energy management systems that include energy storage solutions to buffer against fluctuations in renewable energy supply. Optimize energy efficiency in production processes to reduce overall demand.
	Site Manager

Proponent
	Factored 

	Water Resource Depletion:
	Employ water-saving technologies, such as water recycling and reuse systems. Assess water availability in potential production locations to avoid exacerbating local water scarcity issues. Explore more options like water pans, and roof water catchment.
	Site Manager

Proponent
	700,000

	Economic Viability
	Secure long-term contracts for renewable energy supply at stable prices, and explore government subsidies, incentives, or partnerships to offset initial costs. Gradually scale production to manage financial risks.
	Site Manager

Proponent
	Factored 

	Regulatory and Compliance Risks
	Stay informed about relevant regulations and ensure that all operations meet or exceed legal requirements. Engage with regulatory bodies early in the planning process and maintain transparency in operations to foster positive relationships with regulators.
	Site Manager

Proponent
	Factored 

	Potential for Ammonia Slip
	Implement advanced leak detection systems and regular maintenance protocols to minimize the risk of accidental ammonia releases. This includes the use of sensors, alarms, and automated shutoff systems to quickly detect and respond to leaks. Use emission control technologies, such as scrubbers and catalytic converters, to capture and neutralize any ammonia emissions before they are released into the atmosphere. Additionally, optimize production processes to minimize the likelihood of ammonia slip. Effective emission control measures ensure that air quality impacts are minimized, protecting both the environment and public health. Establish continuous air quality monitoring around production facilities to track ammonia and other pollutant levels. This allows for real-time detection of any deviations from acceptable levels and enables swift corrective actions. Continuous monitoring ensures compliance with air quality standards and helps maintain a safe environment for workers and nearby communities.
	Site Manager

Proponent
	300,000

	Increased traffic flow

	Risks of accidents as vehicles and persons are entering or exiting the facility
	Place prominent signage alerting parking area for incoming vehicles to the facility
	Site Manager
	20,000

	Fires

	· Injuries and deaths

· Destruction of property
	Prominently display ‘NO SMOKING’ signs at the site especially in areas where flammable materials are stored or used
	Site Manager
	1,000

	
	Maintain first aid kits at the site
	Site Manager
	1,500 per kit

	
	Conduct regular inspection of the fire-fighting equipment (every four months)
	Proponent
	5,000 per service

	Material storage and usage

	Spillages and food contamination
	All materials must be stored and used as outlined on their manufacturers’ data safety labels
	Proponent and all workers
	–

	
	A distinction should be made in the store in such a way that non-food or poisonous materials are not mixed with food items
	Proponent and all workers
	–

	Record keeping and documentation

	Environmental degradation
	Develop procedures for documentation of records keeping of all environmental and health concerns
	Site Manager
	20,000 per

month


Table 8.3: Proposed EMP for the decommissioning phase of the proposed Kaptagat Green Ammonia Greenfield
	Area of concern
	Recommended measures
	Responsible party
	Appro. cost (Kshs.)

	Solid wastes

	· Environmental contamination

· Health hazard

· Nuisance


	Use of an integrated solid waste management system (recycling, reuse, combustion and sanitary land filling)
	Contractor(s), Site Manager
	–

	
	Collect and dispose-off solid wastes from the site regularly to prevent them from piling at the site
	Contractor(s),Manager
	5,000 per collection

	
	Ensure source separation and collection of wastes into recyclable and non-recyclable wastes by installation of double waste collection bins at each collection point
	Contractor(s) and Site Manager
	50,000

	
	Remove from site and/ or recycle/ re-use at and/ or away from site all machinery, equipment, structures and partitions that will not have been used up
	Contractor(s) and Proponent
	1,000,000

	Dust and exhaust emissions

	· Health hazard

· Visual obscurity

· Degradation of air quality
	Water all dust-active areas by sprinkling with water to suppress dust
	Site Manager
	1,000 per day

	
	Pave or apply non-toxic soil stabilizers on all unpaved access roads and parking areas
	Contractor(s) and Manager
	50,000

	
	Spread sawdust over spilt liquid pollutants and later burn the sawdust at an appropriate site
	Site Manager
	50,000

	
	Cover all trucks hauling soil, sand and other loose materials
	Truck Drivers
	50,000

	
	Provide all construction workers with PPE
	Contractor(s), Manager &  Foreman
	Cost of equipment

	
	Strictly enforce on-site speed limit regulations
	Site Manager
	–

	
	Avoid demolition works in extremely dry weathers
	Site Manager
	–

	
	Minimize vehicle idling time
	All drivers
	–

	
	Properly service, maintain and tune all equipment
	Contractor(s) Manager
	50,000 per

service

	
	Provide adequate ventilation in the houses for site Managers
	Contractor(s) Manager
	–

	Noise and vibration

	· Hearing problems

· Damage to the ears

· Lowering the strength of buildings
	Switch off machines and vehicles that are not in use
	Drivers/ machine operators
	–

	
	Avoid hooting of vehicles at the site and when passing through sensitive areas such as churches, schools and hospitals
	All drivers
	–

	
	Keep all machinery in good condition to reduce noise generation
	Contractor(s), Site Manager and all drivers
	50,000 per

service

	
	Keep all generators and noisy equipment in sound proof rooms or in enclosures to minimize ambient noise levels
	Site Manager
	100,000

	
	Carry out noisy works only during the day time when most of the neighbours are at work
	Site Manager and all workers
	–

	
	Provide workers in noisy areas with ear muffs
	Foreman
	500 per worker

	Water-use

	Over-extraction and wastage of water resources
	Recycle and re-use water
	Site Manager
	–

	
	Ensure taps are not running when not in use
	Site Manager
	–

	Waste water and sewerage and sanitary conveniences

	· Health hazard

· Pollution
	Properly use and clean sanitary facilities daily
	Site Manager and all workers
	1,000 per day

	Energy consumption

	· High mains-electricity consumption

· Health and safety hazard
	Switch off lighting fluorescent tubes during the day and all other electrical appliances when they are not in use
	Site Manager and all workers
	–

	
	Wise use of electricity
	Site Manager and all workers
	–

	Increased traffic flow

	Risks of accidents as vehicles and persons are entering or exiting the facility
	Place prominent signage alerting parking area for incoming vehicles to the facility
	Site Manager


	10,000

	Fires

	· Injuries and deaths

· Destruction of property
	Prominently display ‘NO SMOKING’ signs at the site especially in areas where flammable materials are stored or used
	Site Manager
	10,000

	
	Make use of available fire preventive measures or put in place new ones
	Site Manager
	7,000 per fire extinguisher, 3500 per sand bucket and 50,000 per fire hose reel

	
	Maintain first aid kits at the site
	Site Manager
	1,500 per kit

	Material storage and usage

	Spillages and food contamination
	All materials must be stored and used as outlined on their manufacturers’ data safety labels
	Proponent and Contractor(s)
	–

	
	A distinction should be made in the store in such a way that non-food or poisonous materials are not mixed with food items
	Proponent and Contractor(s)
	–

	Record keeping and documentation

	Environmental degradation
	Develop procedures for documentation of records keeping of all environmental and health concerns


	Proponent and Site Manager
	20,000 per

month
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CHAPTER NINE: RECOMMENDATIONS AND CONCLUSION

9.1. Recommendations

· Consider the issues raised by the public and treat them with uttermost importance.

· Ensure that there is proper management of waste water and drainage channels at and around the site will greatly improve quality of sanitation. High standards of construction and regular maintenance practices are strongly recommended for all drainage channels and water supply systems to reduce the degree of pollution in the water supply system since the quality of water largely depends on these two aspects.

· Ensure record keeping and documentation are appropriately carried out to assist in building of self-auditing capacity. The proposed development management needs to develop a corporate environmental policy stating commitment, intentions and principles of action with respect to the environment including compliance with relevant environmental regulations. This is to form a basis upon which the management of the facilities is to set its environmental objectives and targets as in the environmental management plan.

· The management is to comprehensively implement the recommendations as given in the EMP to improve on their level of compliance. These mitigations will not only be of benefit to the proposed development, but will also assist other stakeholders in understanding and managing the environment.

· Should further amendments to the design of the facility be made, a copy of the revised layout must be submitted to the relevant authorities including NEMA for approval prior to the commencement of construction.

· The use of designated roads should be maintained under all circumstances, except under exceptional circumstances.

· Disturbed areas should be rehabilitated as soon as possible after the construction and decommissioning periods.

· The Proponent will carry out annual EA and submit reports to the Authority.

9.2. Conclusion

The proposed development will have numerous positive impacts as has been outlined in this report. The negative environmental impacts that will result from establishment of the project can be mitigated with the options provided for in this report. The report concludes that if all the suggested mitigation measures and the above recommendations are put in place and if the proposed IESMP is followed, the proposed project will not adversely impact on the environment. From the foregoing, it is clear that since the proposed project has actively involved the key neighbourhood stakeholders who did not object the development it has sufficient public support and if it is implemented with the proposed mitigation measures, adverse environmental impacts will be mitigated.
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ANNEX 2 Minutes of the public participation meeting

MINUTES OF PUBLIC PARTICIPATION ON ENVIRONMENT AND SOCIAL IMPACT ( ESIA) FOR THE PROPOSED GREEN AMMONIA PLAANT PROJECT AT THE PROJECT SITE ,KIBOGY FARM AT CHEPTIGIT IN KAPTAGAT IN UASIN GISHU ON 27th AUGUST 2024.

Agenda 
Opening prayer

Welcome and introductory remarks.

Brief overview of background and scope of the proposed project by the proponent.

Brief overview of the anticipated impacts of the proposed project by the ESIA team.

Public contributions and response

Closing remarks 

MEMBERS PRESENT.

A total of 140 No including the proponent and the ESIA team were present.

(See attached list of participants)
Preliminary: Opening prayers.

The area chief opened the meeting with a word of prayer as he welcomed everyone to the meeting. He invited some people to give remarks as follows.  

Min 01-27/08/2024: Welcome and introductory remarks 

At 12:20 PM, Mr. Edward Kibogi welcomed everyone to the meeting and expressed his gratitude to the chief and Tarita Green Energy Ltd. management for organizing the gathering. He extended a warm welcome to the community on behalf of the Kibogi family, who are the landowners of the proposed project site.

Mr. Kibogi confirmed to the community that the family had reached an agreement to allow the project to proceed on their land, signaling their full support for its implementation.

After his remarks, Mr. Edward Kibogi handed the proceedings back to the chief, who introduced the local administration present. The chief acknowledged 10 village elders and a representative for persons with disabilities.

Finally, the chief introduced and welcomed the Environmental Impact Assessment (EIA) expert team, led by Dr. Joel Sumukwo.

Min 02-27/08/2024: Brief overview of the anticipated impacts of the proposed project by the ESIA team.
The lead expert, Dr. Sumukwo, introduced his team and expressed his gratitude to the community for their participation in the EIA process. He provided a brief introduction on the importance of the Environmental Impact Assessment (EIA) in ensuring the project’s success and its compliance with environmental and social regulations. Dr. Sumukwo emphasized that the role of the EIA is to assess the socio-economic impacts of the proposed Green Ammonia Plant, highlighting the importance of public participation in shaping the study. He stressed that community input was crucial for identifying potential impacts and implementing effective solutions.

Following this, Dr. Sumukwo introduced the project proponent, Mr. Daniel Chebii, who gave an overview of the Green Ammonia Plant’s components. Mr. Chebii explained that the project aims to address the fertilizer shortage in the country, making fertilizers more accessible and affordable for farmers. He also underscored the potential benefits of the project to both the local community and the country at large.

Mr. Chebii then invited Engineer Kivuti, the electrical engineer, to provide further technical details on the project's operations. Engineer Kivuti outlined key components of the plant, including the use of solar panels and an electrolyzer, which converts energy from the solar panels into hydrogen and oxygen through a process involving high temperatures. He explained that the hydrogen produced would undergo the Haber process, combining with nitrogen to produce ammonia. This ammonia would then be blended into fertilizers. He also mentioned that the water required for the process would be sourced from a nearby water pan.

Min 03-27/08/2024: Brief overview of the anticipated impacts of the proposed project by the ESIA team.

Mr. John Kiprop, the Environmental Impact Assessment (EIA) expert, addressed the assembly, providing an overview of the potential impacts of the proposed project on the community, both positive and negative. He explained that the primary goal of the meeting was to identify strategies to minimize or prevent negative impacts while maximizing the positive benefits. Additionally, he emphasized that the main agenda was to collectively identify the environmental impacts of the project and ensure its compliance with the law.

Mr. Kiprop elaborated on the Environmental and Social Impact Assessment (ESIA) process, as mandated by the Environmental Management and Coordination Act (EMCA). He highlighted that the meeting was organized to gather the community’s input on the project, in line with the requirements of the Government of Kenya and the National Environment Management Authority (NEMA). He clarified that conducting an ESIA is a legal obligation before any project commences, and public participation is an integral part of the process.

He further explained the need for public involvement, referencing the Environment (Impact Assessment and Audit) Regulations, 2003, specifically subsection 17(1), which states that the project proponent, in consultation with the authority, must seek the views of persons likely to be affected by the project. Mr. Kiprop stressed that public consultation is critical in ensuring the quality, comprehensiveness, and effectiveness of the assessment. He assured the community that their views would be thoroughly considered in the decision-making process.

Construction Phase:

	RISK 
	Description:

	Land Use and Habitat Loss:

	Clearing of land for solar PV panels and infrastructure could lead to habitat fragmentation and loss of biodiversity.

	Noise and Visual Impact
	Operational noise from equipment and visual changes from infrastructure may affect local wildlife and scenic landscapes.

	Water Use and Quality:

	Construction activities may temporarily increase sedimentation and runoff, affecting water quality in nearby water bodies.

	Energy Consumption and Emissions:

	Construction machinery and transportation of materials contribute to greenhouse gas emissions and local air pollution.

	Waste Generation:

	Construction debris and hazardous waste from installation activities require proper management to prevent soil and water contamination.


Operational Phase:

	RISK 
	Description:

	Energy Consumption and Emissions
	Energy-intensive operations of the solar PV park and electrolysis plant contribute to greenhouse gas emissions, especially during hydrogen production.

	Water Use and Quality
	Continuous water demand for cooling and hydrogen production can stress local water resources and affect water quality if not managed properly.

	Accident and Spill Risks
	Risks associated with hydrogen storage and transportation could lead to accidents, potentially impacting nearby communities and ecosystems.

	Risk of fire incidences 
	Incase of explosion.


Decommissioning Phase:

	Land Use and Habitat Restoration
	Restoring land to its natural state post-decommissioning can mitigate habitat loss impacts, depending on the effectiveness of restoration efforts.


Mitigation measures at all phases:

Energy Consumption and Greenhouse Gas Emissions: Estimate energy requirements for construction activities and minimize carbon footprint through efficient use of materials and energy, Implement measures to reduce emissions from construction machinery, transportation, and material production. Optimize energy efficiency of solar PV panels and electrolysis equipment to maximize renewable energy generation. Implement monitoring systems to optimize energy output and performance.

Noise and Air Quality: Evaluate potential noise impacts on local communities and wildlife, particularly during site preparation and construction phases. Implement noise mitigation measures and adhere to local regulations for noise levels. Monitor air quality to minimize dust and pollutant emissions from construction activities.

Waste Management: Develop a waste management plan to minimize construction waste generation and promote recycling and reuse of materials. Properly handle hazardous materials and ensure safe disposal of construction debris to prevent soil and water contamination.

Worker Health and Safety: Implement health and safety protocols to protect workers from occupational hazards related to construction activities. Provide training and resources for safe handling of equipment and materials.

Water Management: Implement water conservation measures and monitor water use efficiency during operation. Ensure proper treatment of wastewater and stormwater runoff to prevent contamination of local water bodies.

Emissions and Pollution Control: Monitor and control emissions of greenhouse gases, particulate matter, and other pollutants from operational activities. Implement pollution prevention measures and adhere to regulatory emission standards.

Potential Positive Impacts:

a) Job Creation – The project will generate significant employment opportunities, offering both skilled and unskilled labor positions. This will benefit both local communities and experts from other regions, fostering economic inclusion.

b) Infrastructure Development – The project will drive infrastructure improvements, including road expansions, new health facilities, and an increase in business premises, all of which will support local economic growth.

c) Government Revenue – The project will contribute to both county and national revenues through taxes, bolstering public finances and enabling further development in the area.

d) Enhanced Security – Increased lighting and development in previously remote areas will improve security, making the region safer for residents and businesses alike.

e) Boost in Agricultural Productivity – With improved access to fertilizers, local farmers will experience enhanced agricultural yields, resulting in higher farm productivity and food security.

f) Increased Land Value – The project will elevate the value of local resources, particularly land, with property prices likely to rise due to the influx of development and investment.

g) Improved Living Standards – By providing steady employment, the project will offer incomes that can significantly improve the standard of living for many households in the area.

h) Investment Attraction – The region will become a more attractive destination for investors, with new business opportunities emerging and further stimulating economic expansion.

i) Reduction in Fertilizer Costs – The local production of fertilizers will lead to a reduction in prices, making these essential inputs more affordable for farmers.

j) Economic Growth – As more businesses and housing developments spring up to accommodate the growing workforce, the region will experience sustained economic growth, benefiting both local communities and the broader economy.

Min 04-27/8/2024; public contribution and response.

Mr. Shadrach Kiplimo raised concerns about water pollution and the potential impact on downstream communities if polluted water is drained.

The engineer responded that the project would incorporate a properly designed water pan to collect runoff, and the process would take place underground to prevent contamination.

Mr. Lawrence expressed worries about noise pollution from the factory affecting nearby households.

The project proponent clarified that the factory would be located 1.5 km from residential areas to minimize noise disturbances.

Mr. George Kosgey voiced concerns regarding the proposed dam’s location, as many people live near the designated construction site, raising questions about their safety.

The engineer reassured the stakeholders that a thorough expert study would be conducted prior to construction to ensure the safety of local residents. Additionally, drainage systems would be designed to prevent any negative impacts on nearby communities.

Mr. Abraham Kiprono inquired about the health risks associated with the ammonia plant, noting that ammonia is a harmful gas.

The engineer assured everyone that proper safety measures would be in place, explaining that the ammonia would be containerized and stored underground, preventing any contact with people.

Mr. Vincent asked about employment opportunities for the locals, urging the project proponent to prioritize area residents for various jobs such as drivers, cleaners, electricians, carpenters, food suppliers, and construction material suppliers. He also inquired about the expected number of skilled and unskilled jobs. Additionally, he raised concerns about air pollution from the factory.

The project proponent confirmed that both skilled and unskilled labor from the community would be employed. Regarding air pollution, the proponent explained that dust would be the primary concern, and measures like dust nets would be used to minimize its spread.

The area chief questioned the safety of the dam, asking what measures would be in place in case of a breach, and whether the community would be compensated for any damages. He also raised concerns about water shortages during dry seasons.

The engineer explained that precautions would be taken to ensure dam safety and that water supply during dry seasons was being addressed.

Mr. Gideon Rotich expressed worries about soil erosion, noting that runoff from the factory could lead to erosion, affecting local agriculture.

The engineer confirmed that the project would include piping systems to control runoff and prevent soil erosion.

The chief also requested that the project contribute to local development by rehabilitating roads, installing street lighting, improving power supply, and upgrading the dispensary.

Mr. Chebii responded that the project would include a corporate social responsibility (CSR) component to address these community needs.

Community Suggestions for the Project:

Expand the local dispensary to a health center.

Install street lights in the area.

Provide access to fertilizers through affordable payment plans ("Lipa Mdogo Mdogo").

At the end of the meeting, the EIA expert Dr. Sumukwo asked the community if they understood the project. The community confirmed their understanding and, when asked if the project should proceed, almost all participants responded with a resounding "yes," showing their approval through raised hands. The community also requested the necessary approvals from statutory bodies to move forward with the project.

The EIA expert then handed over to the project proponent, Mr. Daniel Chebii, who thanked the community for their active participation. 

Min 05-27/8/2024; Closing remarks

There being no more things to discuss about the project, the chief thanked the people for coming and taking part in the discussions. The meeting ended at 4 pm with a word of prayer from Cecilia after the chief congratulatory remarks for attending the meeting.
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ANNEX 3 List of attendance at the public participation meetings
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ANNEX 4: BQ AND Copy of design drawings 
12th November 2024

The Director General

National Environment Management Authority (NEMA) Popo Road, Off Mombasa Road

P.O. Box 67839-00200

Nairobi, Kenya Dear Sir/Madam,

 SUBJECT: CLIMATE GRANT COMPONENTS AND DEVELOPER’S SCOPE FOR THE KAPTAGAT GREEN
 AMMONIA PROJECT – CAPEX CLARIFICATIONS FOR NEMA ASSESSMENT FEES
The Kaptagat Green Ammonia Project has been selected as a beneficiary of a subsidized green climate lease initiative supported by the German Federal Government. This initiative addresses viability gaps for large-scale green projects by providing critical technology components under a subsidized framework. The funding leverages carbon credits as a key mechanism to ensure financial sustainability and economic feasibility.

Key technology components, including the Solar PV System, Green Hydrogen Production Units, and the Green Ammonia Synthesis Plant, are provided under this subsidized lease framework. These elements are excluded from the project’s core capex and are therefore exempt from statutory obligations such as NEMA assessment fees.

In addition, Tarita Green Energy Limited would like to submit the detailed scope of work that falls under the developer’s responsibility. This scope is covered within the project’s certified Bill of Quantities (BoQ) and is subject to statutory fees, including NEMA assessment charges.

Technology Provider

The technology for the project is provided by Thyssenkrupp Uhde, a globally renowned leader in ammonia production technologies. Thyssenkrupp Uhde brings over 100 years of experience and an impressive portfolio of over 130 ammonia plants with a combined production capacity exceeding 50 million metric tonnes annually. Their expertise ensures the integration of advanced digital control systems, high conversion efficiencies, and robust modular designs tailored for renewable energy projects.

Scope Funded Under the Climate Grant (Excluded from Capex)

The following critical components, funded through the German climate grant, fall outside the capex scope:

Solar PV System Procurement

Supply of solar PV modules and mounting structures.

Procurement of containerized PV aggregators and controllers for power management.

Battery Energy Storage System (BESS) components for energy stabilization.

Green Hydrogen Production Equipment

Procurement of containerized electrolysis units.

Water treatment systems for demineralized water supply.
Hydrogen storage and compression equipment. Green Ammonia Synthesis Plant Equipment

Modular Haber-Bosch ammonia synthesis plant. Air separation unit (ASU) for nitrogen generation. Industrial oxygen recycling and compression systems. Scope Within the Developer’s Capex (Certified BoQ). The following scope forms part of the project’s core capex and will be submitted for NEMA statutory fee assessment:

Project Development Activities

Conduct feasibility studies and detailed engineering designs. Secure land leases and related agreements for the project site. Obtain all regulatory and statutory permits, including those required by NEMA. Stakeholder engagement through public participation forums, as per NEMA guidelines. Development of transaction documents and securing financial closure.

Civil Works

Site preparation, including grading, drainage, and foundation construction. Installation of internal roads and access routes to connect key components of the facility. Development of infrastructure for stormwater management and wastewater treatment. Construction of storage facilities for raw materials, green hydrogen, and ammonia. Installation of fencing and security systems to safeguard the facility.
Engineering Installation Works

Distinct from the grant-funded procurement, the developer will undertake: Installation of solar PV mounting structures and panels. Execution of electrical works to connect the solar PV system to the processing plants. Integration of power supply systems for the green hydrogen and ammonia production facilities.

We respectfully request that NEMA acknowledges the distinction between the climate grant-funded scope and the developer’s capex. This ensures that only the core capex components listed above are subjected to statutory fees, while the subsidized technology components remain exempt.
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Yours Sincerely,

DANIEL KIPSANG CHEBII MANAGING DIRECTOR
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Bill of Quantities (BoQ) for Civil Works and Engineering Installation Works – Kaptagat Green Ammonia Project

Introduction:

This Bill of Quantities (BoQ) outlines the detailed breakdown of costs for the Civil Works and Engineering Installation Works associated with the Kaptagat Green Ammonia Project. These works are critical to ensuring the successful implementation of the project’s infrastructure and energy systems. The scope covers essential activities such as site preparation, installation of internal roads and access routes, development of stormwater and wastewater management infrastructure, construction of storage facilities, fencing and security systems, and the installation and integration of solar PV and power supply systems for green hydrogen and ammonia production.

	Category
	Description
	Cost (USD Million)

	Civil Works
	Site preparation, including grading, drainage, and foundation construction
	2.0

	Civil Works
	Installation of internal roads and access routes
	1.5

	Civil Works
	Development
of
infrastructure
for stormwater management and wastewater treatment
	1.5

	Civil Works
	Construction of storage facilities for raw materials, green hydrogen, and ammonia
	3.0

	Civil Works
	Installation of fencing and security systems
	0.5

	Engineering Installation Works
	Installation of solar PV mounting structures and panels
	2.5

	Engineering Installation Works
	Execution of electrical works to connect the solar PV system to the processing plants
	0.8

	Engineering Installation Works
	Integration of power supply systems for the green hydrogen and ammonia production facilities
	0.7

	Total
	-
	12.0
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Civil Works: Site preparation, including grading, drainage, and foundation construction, totaling $2.0 million:

	Description
	Unit
	Quantity
	Rate (USD)
	Total
Cost (USD)

	Mobilization
and
demobilization
of equipment
	Lump Sum
	1
	150,000
	150,000

	Clearing and grubbing of the site
	Hectares
	5
	20,000
	100,000

	Excavation and earthworks
	Cubic Meter
	10,000
	15
	150,000

	Backfilling with selected material
	Cubic Meter
	8,000
	10
	80,000

	Grading and leveling
	Hectares
	5
	30,000
	150,000

	Stormwater drainage system installation
	Linear Meter
	1,000
	120
	120,000

	Foundation trench excavation
	Cubic Meter
	5,000
	25
	125,000

	Reinforced concrete for foundations
	Cubic Meter
	500
	400
	200,000

	Compaction and soil stabilization
	Square Meter
	10,000
	12
	120,000

	Construction of retaining walls
	Cubic Meter
	300
	500
	150,000

	Access road preparation and graveling
	Kilometers
	2
	250,000
	500,000

	Environmental management and dust control
	Lump Sum
	1
	100,000
	100,000

	Contingency (10%)
	Lump Sum
	1
	200,000
	200,000

	Total
	
	
	
	2,000,000
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Civil Works: Installation of internal roads and access routes, totaling $1.5 million:

	Description
	Unit
	Quantity
	Rate (USD)
	Total
Cost (USD)

	Clearing
and
grubbing
for
road alignment
	Hectares
	2
	20,000
	40,000

	Excavation and removal of unsuitable material
	Cubic Meter
	5,000
	15
	75,000

	Filling and compaction of subgrade
	Cubic Meter
	4,000
	25
	100,000

	Gravel base layer
	Cubic Meter
	3,000
	50
	150,000

	Asphalt surfacing
	Square Meter
	10,000
	60
	600,000

	Construction of culverts and drainage
	Linear Meter
	500
	200
	100,000

	Road signage and marking
	Lump Sum
	1
	50,000
	50,000

	Sidewalk and pedestrian paths
	Square Meter
	2,000
	40
	80,000

	Roadside planting and landscaping
	Square Meter
	5,000
	20
	100,000

	Environmental management and dust control
	Lump Sum
	1
	50,000
	50,000

	Contingency (10%)
	Lump Sum
	1
	150,000
	150,000

	Total
	
	
	
	1,500,000
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Civil Works: Development of infrastructure for stormwater management and wastewater treatment, totaling $1.5 million:

	Description
	Unit
	Quantity
	Rate (USD)
	Total
Cost (USD)

	Excavation
for
stormwater
and wastewater trenches
	Cubic Meter
	8,000
	20
	160,000

	Supply and installation of reinforced concrete pipes
	Linear Meter
	1,500
	120
	180,000

	Construction
of
stormwater
drainage channels
	Linear Meter
	800
	150
	120,000

	Construction of sedimentation tanks
	Cubic Meter
	500
	400
	200,000

	Construction
of
wastewater
treatment ponds
	Square Meter
	4,000
	50
	200,000

	Installation of manholes and access points
	Each
	50
	1,500
	75,000

	Construction of outlet structures and soak pits
	Each
	5
	20,000
	100,000

	Connection of stormwater and wastewater systems
	Lump Sum
	1
	100,000
	100,000

	Environmental management and erosion control
	Lump Sum
	1
	50,000
	50,000

	Landscaping and restoration of disturbed areas
	Square Meter
	2,000
	30
	60,000

	Contingency (10%)
	Lump Sum
	1
	150,000
	150,000

	Total
	
	
	
	1,500,000
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Civil Works: Construction of storage facilities for raw materials, green hydrogen, and ammonia, totaling $3.0 million:

	Description
	Unit
	Quantity
	Rate (USD)
	Total
Cost (USD)

	Excavation and foundation preparation
	Cubic Meter
	10,000
	25
	250,000

	Construction
of
reinforced
concrete foundations
	Cubic Meter
	5,000
	400
	2,000,000

	Erection of steel frames for storage tanks
	Tons
	200
	4,000
	800,000

	Installation of industrial-grade storage tanks
	Each
	3
	150,000
	450,000

	Piping and connections for material transfer
	Linear Meter
	1,000
	100
	100,000

	Construction of bund walls for spill containment
	Linear Meter
	500
	120
	60,000

	Installation
of access platforms and stairways
	Each
	10
	25,000
	250,000

	Installation of safety and monitoring systems
	Lump Sum
	1
	75,000
	75,000

	Landscaping and site restoration
	Square Meter
	3,000
	20
	60,000

	Contingency (10%)
	Lump Sum
	1
	300,000
	300,000

	Total
	
	
	
	3,000,000
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Civil Works: Installation of fencing and security systems, totaling $0.5 million:

	Description
	Unit
	Quantity
	Rate (USD)
	Total
Cost (USD)

	Clearing
and
leveling
for
fence installation
	Linear Meter
	1,000
	10
	10,000

	Supply and installation of perimeter fencing
	Linear Meter
	1,000
	150
	150,000

	Construction of reinforced concrete fence posts
	Each
	300
	200
	60,000

	Installation of access gates
	Each
	4
	10,000
	40,000

	Installation of CCTV monitoring systems
	Lump Sum
	1
	100,000
	100,000

	Installation of motion detectors and alarms
	Lump Sum
	1
	75,000
	75,000

	Lighting along the fence perimeter
	Linear Meter
	1,000
	50
	50,000

	Landscaping around the fencing
	Square Meter
	500
	20
	10,000

	Contingency (10%)
	Lump Sum
	1
	50,000
	50,000

	Total
	
	
	
	500,000
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Engineering Installation Works: Installation of solar PV mounting structures and panels, totaling

$2.5 million:

	Description
	Unit
	Quantity
	Rate (USD)
	Total
Cost (USD)

	Site leveling and preparation for mounting
	Square Meter
	50,000
	10
	500,000

	Installation of mounting structures
	Each
	10,000
	100
	1,000,000

	Fixing of solar PV panels
	Each
	10,000
	70
	700,000

	Assembly and alignment of tracking systems
	Each
	500
	300
	150,000

	Installation
of grounding and earthing systems
	Lump Sum
	1
	100,000
	100,000

	Testing and commissioning of mounting and panel systems
	Lump Sum
	1
	50,000
	50,000

	Contingency (10%)
	Lump Sum
	1
	250,000
	250,000

	Total
	
	
	
	2,500,000
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Engineering Installation Works: Execution of electrical works to connect the solar PV system to the processing plants, totaling $0.8 million:

	Description
	Unit
	Quantity
	Rate (USD)
	Total
Cost (USD)

	Supply and installation of power cables
	Linear Meter
	5,000
	50
	250,000

	Installation of transformers
	Each
	2
	150,000
	300,000

	Construction of cable trenches and ducts
	Cubic Meter
	500
	100
	50,000

	Installation
of switchgear and circuit breakers
	Each
	5
	20,000
	100,000

	Earthing and lightning protection systems
	Lump Sum
	1
	50,000
	50,000

	Testing and commissioning of electrical systems
	Lump Sum
	1
	50,000
	50,000

	Contingency (10%)
	Lump Sum
	1
	80,000
	80,000

	Total
	
	
	
	800,000
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Engineering Installation Works: Integration of power supply systems for the green hydrogen and ammonia production facilities, totaling $0.7 million:

	Description
	Unit
	Quantity
	Rate (USD)
	Total Cost (USD)

	Installation of main power distribution panels
	Each
	3
	100,00

0
	300,000

	Connection of power supply to electrolysis units
	Each
	2
	75,000
	150,000

	Connection of power supply to ammonia synthesis systems
	Each
	2
	75,000
	150,000

	Installation of backup power systems (BESS)
	Lump Sum
	1
	50,000
	50,000

	Testing and commissioning of integrated power systems
	Lump Sum
	1
	50,000
	50,000

	Contingency (10%)
	Lump Sum
	1
	70,000
	70,000

	Total
	
	
	
	700,000
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ANNEX 5: Copies of current NEMA licenses of EIA experts
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 ANNEX 6: Chemical handling procedures
Detailed Description of Chemical Handling and Storage Procedures for Green Ammonia Fertilizer Production

1. General Principles of Chemical Handling

Training and Competency: Only trained and authorized personnel are permitted to handle chemicals involved in green ammonia fertilizer production. This includes training in the specific risks associated with ammonia, hydrogen, and any other chemicals used in the production process. Employees must undergo regular training to stay updated on the latest safety procedures, emergency response actions, and proper handling techniques specific to green ammonia production.

Personal Protective Equipment (PPE): The Personnel should be equipped with appropriate PPE, including chemical-resistant gloves, safety goggles, face shields, flame-resistant clothing, and respirators where necessary. The PPE should be selected based on the specific chemical properties and the potential exposure risks during handling.

Chemical Compatibility: Before handling any chemicals, personnel must ensure compatibility to prevent dangerous reactions. This includes checking for incompatibility with materials used in tools, containers, and surfaces, especially considering the reactivity of ammonia and hydrogen.

Use of Safety Equipment: Safety showers, eyewash stations, and spill kits should be accessible in all areas where ammonia and related chemicals are handled. Fume hoods or other ventilation systems should be used to prevent the inhalation of harmful fumes. Explosion-proof equipment and grounding measures should be used when handling hydrogen to prevent static discharge and ignition.

Proper Labeling: All containers must be clearly labeled with the chemical name, concentration, hazards, and the date of receipt or preparation. Labels should comply with regulatory standards such as the Globally Harmonized System (GHS) of Classification and Labeling of Chemicals. Ammonia storage tanks and pipelines must be marked with appropriate hazard symbols and warnings due to the toxic and corrosive nature of ammonia.

Handling Procedures: Ammonia and hydrogen should be handled with extreme care to avoid spills, leaks, or accidental contact. Containers should be securely closed when not in use, and personnel should use appropriate tools and procedures for transporting these chemicals to prevent accidental releases.

Safe Transfer of Chemicals: When transferring ammonia or hydrogen between containers or systems, use specialized transfer methods designed to prevent leaks and exposure. This may include using pumps, valves, and pipelines rated for high pressure and corrosive materials. Grounding and bonding are essential when transferring hydrogen to prevent static electricity buildup and potential ignition.

2. Chemical Storage Requirements

Designated Storage Areas: Chemicals used in green ammonia production, such as ammonia, hydrogen, and catalysts, must be stored in designated, secure, and well-ventilated areas. These areas should be restricted to authorized personnel and equipped with appropriate safety systems, such as gas detectors and emergency shutdown mechanisms. Ammonia should be stored in tanks designed to withstand high pressures and corrosive environments, with secondary containment systems to capture any leaks or spills.

Segregation of Chemicals: Chemicals must be stored according to compatibility to prevent dangerous reactions. For instance, ammonia should be stored separately from oxidizing agents and other reactive substances. Hydrogen, being highly flammable, should be stored away from sources of ignition, oxidizers, and incompatible materials.

Proper Shelving and Containment: Storage shelves and containment systems must be made of materials compatible with the chemicals stored and capable of supporting the weight and pressure. Secondary containment, such as spill pallets and dikes, should be used for ammonia tanks to prevent environmental contamination in case of leaks. Hydrogen storage requires robust containment systems, such as pressure vessels, to safely contain the gas under high pressure.

Temperature and Humidity Control: Temperature and humidity control is critical for the safe storage of ammonia and hydrogen. Ammonia storage tanks should be kept at temperatures that prevent excessive pressure buildup, with refrigeration systems used if necessary. Hydrogen storage areas should be kept cool and dry to prevent material degradation and reduce the risk of leaks.

Storage of Flammable and Combustible Materials: Hydrogen, being a highly flammable gas, should be stored in approved, explosion-proof storage facilities. These areas should be well-ventilated to prevent the buildup of hydrogen gas and be equipped with gas detectors and automatic shutoff valves. Ammonia, while not flammable, should be stored away from sources of ignition to prevent secondary hazards, such as the release of toxic fumes in the event of a fire.

Storage of Toxic and Hazardous Chemicals: Ammonia is toxic and must be stored in tanks designed to prevent leaks and equipped with gas detection systems to monitor for potential releases. Access to ammonia storage areas should be restricted and clearly marked with hazard warnings. Hydrogen storage must be handled with care due to its flammability and potential for explosive reactions. Safety protocols must be in place to manage the risks associated with storing large quantities of hydrogen.

Compressed Gas Cylinder Storage: Hydrogen, when stored in compressed gas cylinders, should be secured upright, and away from heat sources and areas where the cylinders could be damaged. Cylinders must be equipped with pressure relief devices and stored in well-ventilated, explosion-proof areas. Ammonia cylinders should be stored similarly, with special attention to corrosion-resistant materials to prevent leaks.

3. Handling of Specific Chemicals

Ammonia: Handle ammonia in well-ventilated areas, using PPE designed to resist ammonia's corrosive nature. Work in areas equipped with gas detectors and emergency ventilation systems to prevent inhalation exposure. Use corrosion-resistant containers and transfer systems, and ensure that all handling equipment is rated for high-pressure use.

Hydrogen: Handle hydrogen in areas free from ignition sources, using explosion-proof equipment and ensuring proper ventilation. Grounding and bonding are essential during handling to prevent static discharge. Use only approved, high-pressure-rated containers and pipelines for transferring hydrogen to prevent leaks and potential explosions.

Catalysts and Other Additives: Handle catalysts and other additives according to their specific safety data sheets (SDS). Many catalysts used in ammonia production are sensitive and may pose risks if not handled properly, such as pyrophoric materials that ignite upon exposure to air. Store catalysts in airtight containers, away from moisture and other incompatible substances.

4. Emergency Procedures

Spill Response: For ammonia spills, immediately evacuate the area and initiate emergency shutdown procedures. Use ammonia-specific neutralizing agents and spill kits designed for corrosive materials to contain and clean up the spill. For hydrogen leaks, evacuate the area and ventilate the space to disperse the gas. Shut down all ignition sources and use hydrogen detectors to monitor gas levels before re-entering the area.

Exposure Response: If exposed to ammonia, immediately use an emergency shower or eyewash station to flush the affected area for at least 15 minutes. Remove contaminated clothing and seek medical attention. If exposed to hydrogen (in the case of a fire or explosion), move to fresh air and seek medical attention if symptoms of respiratory distress occur.

Fire Response: For fires involving hydrogen, use dry powder or CO₂ fire extinguishers, and avoid using water which could spread the fire. Immediately initiate emergency evacuation and shut down all gas supplies.

For ammonia-related fires, use water spray to cool containers and protect against vapor releases, while using PPE to avoid exposure to toxic fumes.

First Aid: Ensure first aid kits are readily accessible and include supplies specific to ammonia and hydrogen exposure, such as oxygen masks, burn ointments, and emergency contact numbers for poison control.

5. Documentation and Record-Keeping

Safety Data Sheets (SDS): Maintain an updated Safety Data Sheet (SDS) for ammonia, hydrogen, and all other chemicals used in the production process. SDS should be accessible to all employees and include detailed information on handling, storage, and emergency procedures.

Inventory Management: Keep a detailed inventory of all chemicals on-site, including quantities, storage locations, and expiration dates. Regular audits should be conducted to ensure compliance with safety regulations and proper management of chemical stocks.

Incident Reporting: Document all incidents involving chemical spills, leaks, or exposures in an incident log. Reports should include details such as the nature of the incident, response actions taken, and any follow-up required to prevent future occurrences.

6. Regulatory Compliance

Adherence to Standards:

Ensure compliance with all relevant local, national, and international regulations governing the handling and storage of ammonia, hydrogen, and related chemicals. This includes adherence to OSHA (Occupational Safety and Health Administration) standards, EPA (Environmental Protection Agency) guidelines, and specific industry codes for chemical safety.

Regular Inspections: Conduct regular safety inspections of chemical storage areas, handling procedures, and safety equipment. Address any deficiencies immediately and document corrective actions to maintain a safe working environment.

ANNEX 7: Chemical Emergency Response Plan

1. Introduction

The Chemical Emergency Response Plan (CERP) is designed to provide a comprehensive guide for responding to chemical emergencies at the green ammonia fertilizer production facility. The plan outlines procedures for mitigating the effects of chemical spills, leaks, fires, explosions, and other hazardous incidents involving chemicals, particularly ammonia and hydrogen. The goal is to protect personnel, the environment, and the surrounding community while minimizing damage to property and ensuring compliance with regulatory requirements.

2. Objectives

Ensure the safety of all personnel, contractors, and visitors at the facility.

Protect the environment and surrounding community from chemical hazards.

Minimize damage to property and equipment. Ensure a rapid, effective, and coordinated response to chemical emergencies. Comply with all relevant local, national, and international regulations.

3. Emergency Response Team (ERT)

Team Composition:

Incident Commander (IC): Responsible for overall emergency response coordination, decision-making, and communication with external agencies.

Safety Officer: Ensures compliance with safety procedures, monitors hazard zones, and manages PPE distribution.

Hazardous Materials (HazMat) Team Leader: Leads the HazMat team in containing and neutralizing chemical spills or leaks.

Medical Officer: Provides first aid, assesses injuries, and coordinates medical evacuation if necessary.

Communication Officer: Manages internal and external communication, including alerts, notifications, and updates.

Logistics Officer: Coordinates the supply and distribution of resources, including PPE, spill kits, and medical supplies.

Security Officer: Manages site security, controls access to the emergency area, and coordinates evacuation routes.

Team Responsibilities:

Incident Commander (IC):

Activate the emergency response plan upon notification of a chemical incident.

Coordinate with the ERT and external agencies (fire department, environmental authorities, etc.). Make decisions regarding evacuation, containment, and emergency shutdown procedures.

Safety Officer:

Ensure the safety of all personnel involved in the emergency response, Monitor air quality, chemical exposure levels, and other environmental conditions, Oversee the use of PPE and other safety equipment.

Team Leader:

Assess the situation and lead the containment and cleanup of spills or leaks, Deploy appropriate containment materials (e.g., absorbents, neutralizers) and, Ensure safe disposal of contaminated materials.

Medical Officer: Provide first aid and medical care to affected personnel.

Coordinate with local hospitals for medical evacuation if necessary, Maintain records of injuries and treatment provided.

Communication Officer:

Disseminate emergency alerts and instructions to facility personnel, maintain communication with external agencies and authorities and Keep records of all communications during the emergency.

Logistics Officer: 

Ensure the availability of emergency response supplies and equipment, Manage the distribution of resources during the emergency, and Coordinate with external suppliers if additional resources are needed.

Security Officer: Secure the emergency area and prevent unauthorized access.

Manage evacuation routes and assembly points, and Coordinate with local law enforcement if needed.

4. Emergency Response Procedures

Activation of the Plan:

The plan is activated by the Incident Commander upon notification of a chemical emergency, such as a spill, leak, fire, or explosion.

Immediate notification is sent to all personnel via the facility's emergency communication system.

Initial Response Actions:

Assessment:

The HazMat Team Leader assesses the situation, including the type, quantity, and location of the chemical involved.

The Safety Officer evaluates the potential hazards to personnel, the environment, and the facility.

Evacuation:

If the situation poses an immediate threat to personnel, the Incident Commander orders an evacuation, Evacuation routes and assembly points are predetermined and communicated to all personnel and The Security Officer ensures that the evacuation is orderly and that all personnel are accounted for.

Containment:

The HazMat team deploys containment measures, such as spill berms, absorbents, or neutralizing agents, to prevent the spread of the chemical.

For airborne releases (e.g., ammonia gas), ventilation systems are activated to reduce exposure, and the area is cordoned off.

Notification of Authorities:

The Communication Officer contacts local emergency services, environmental agencies, and other relevant authorities to report the incident.

The Incident Commander may request additional resources or assistance from external agencies as needed.

Chemical-Specific Response Procedures:

Ammonia Release:

Small Spills/Leaks:

Evacuate the immediate area, Use spill kits containing neutralizing agents and absorbents to contain the spill, Ventilate the area to disperse ammonia vapors and Personnel handling the spill must wear appropriate PPE, including ammonia-resistant gloves, goggles, and respirators.

Large Spills/Leaks:

Immediate evacuation of the affected area and downwind zones, Activate emergency ventilation systems to reduce ammonia concentration in the air, The HazMat team uses specialized equipment to contain the spill, such as temporary dikes or barriers and 

Notify local emergency services and environmental authorities.

Hydrogen Release:

Small Leaks:

Evacuate the area, Isolate the source of the leak if it is safe to do so, Use explosion-proof equipment to vent hydrogen gas safely and Personnel must use non-sparking tools and wear flame-resistant PPE.

Large Leaks/Explosions:

Immediate evacuation of the facility and surrounding areas, Shut down all potential ignition sources and activate emergency shutdown procedures, Notify local fire departments and other emergency services and Implement emergency fire suppression systems if necessary.

Emergency Medical Response:

Exposure to Chemicals:

For ammonia exposure: Flush the affected area with water for at least 15 minutes. Remove contaminated clothing and seek medical attention.

For hydrogen exposure (e.g., burns from explosions): Move to a safe area, administer first aid for burns, and seek medical attention.

Medical Evacuation:

If injuries are severe, the Medical Officer coordinates with local hospitals for medical evacuation.

Transportation to medical facilities is arranged through designated emergency vehicles.

5. Communication Protocols

Internal Communication:

The Communication Officer manages all internal communications during the emergency, including alerts, evacuation orders, and updates.

Regular updates are provided to all personnel via the facility's communication system.

External Communication:

The Incident Commander communicates with local emergency services, environmental authorities, and other external agencies.

Press releases and public statements are coordinated through the Communication Officer, ensuring consistent and accurate information is shared with the public.

Incident Reporting:

All incidents are documented in real-time, including the timeline of events, actions taken, and decisions made.

A final incident report is compiled by the Incident Commander and submitted to relevant regulatory authorities.

6. Post-Incident Procedures

Decontamination:

The HazMat team oversees the decontamination of the affected area, equipment, and personnel.

Contaminated materials are disposed of according to environmental regulations.

Investigation:

An investigation is conducted to determine the cause of the incident, assess the effectiveness of the response, and identify areas for improvement.

The Safety Officer leads the investigation, with input from the ERT and external experts if necessary.

Review and Improvement:

The Chemical Emergency Response Plan is reviewed and updated based on the findings of the investigation.

Additional training is provided to personnel if gaps in knowledge or procedures are identified.

A debriefing session is held with all involved personnel to discuss lessons learned and recommendations for future incidents.

7. Training and Drills

Regular Training:

All personnel receive regular training on the Chemical Emergency Response Plan, including chemical-specific response procedures, evacuation routes, and the use of emergency equipment.

Specialized training is provided to the ERT, focusing on advanced response techniques, chemical containment, and emergency medical care.

Emergency Drills:

Periodic emergency drills are conducted to test the effectiveness of the Chemical Emergency Response Plan and ensure that personnel are familiar with their roles and responsibilities.

Drills are evaluated to identify areas for improvement, and the plan is updated accordingly.

8. Resource Management

Emergency Equipment:

Ensure that all emergency equipment, such as PPE, spill kits, gas detectors, fire extinguishers, and medical supplies, is readily available and maintained in good working condition.

Regular inspections and inventory checks are conducted to ensure the availability and functionality of emergency resources.

External Resources:

Establish and maintain relationships with local emergency services, environmental agencies, and medical facilities to ensure a coordinated response during a chemical emergency.

Memorandums of Understanding (MOUs) or agreements may be established with external suppliers for the rapid provision of additional resources if needed.

ANNEX 8. Hydrogen and ammonia production plant safe distance

When planning the development of a hydrogen and ammonia production plant in Kaptagat, Uasin Gishu County, it is crucial to ensure the safety of both the facility and the surrounding areas due to the highly flammable and explosive nature of hydrogen and ammonia. Recommended safety distances (also known as separation distances) are essential for protecting workers, nearby communities, and the environment. These distances are based on international standards, best practices, and the specific hazards posed by hydrogen and ammonia.

1. Hydrogen Production and Storage Safety Distances

Hydrogen is a highly flammable gas, and when released into the air, it can form explosive mixtures. Its storage and handling require special consideration. International guidelines recommend the following safety distances for hydrogen facilities: The hydrogen Production Facilities should have minimum Distance to Buildings of 15 to 50 meters, depending on the volume of hydrogen produced and stored. Facilities should be placed away from public buildings, roads, and other critical infrastructure. The Hydrogen Storage Tanks should be placed at least 50 meters away from other facilities, roads, and industrial structures. The proponent to ensure the storage area is well-ventilated, and install leak detection systems to reduce the risk of explosion. In case of leaks, hydrogen can quickly disperse, but its explosiveness requires careful control of ignition sources.

Residential areas and public spaces should be located at least 200 meters from hydrogen production and storage facilities to minimize the risk of exposure in case of fire or explosion. A buffer zone with fire-resistant barriers or natural terrain features like forests or hills can further improve safety.

2. Ammonia Production and Storage Safety Distances

Ammonia is not only flammable but also toxic. Accidental release of ammonia can lead to both fire hazards and exposure risks to humans and animals. Recommended safety distances for ammonia facility to is at least 50 meters from other industrial buildings. Due to the risk of toxic exposure, facilities should be positioned far from areas where people work or live. Tanks holding liquid ammonia should be located at least 100 meters away from any public buildings, roads, or other sensitive facilities. Pipelines carrying ammonia should have a minimum clearance of 25 to 50 meters from other structures and must be built with robust leak detection systems. Ammonia facilities should be located at least 800 meters away from residential areas, schools, and hospitals to ensure safety in case of leaks or explosions. Buffer zones and natural barriers like trees or berms can help mitigate the risks posed by toxic gas releases and fires.

3. Fire Protection and Emergency Response Zones

Both hydrogen and ammonia plants should incorporate fire protection systems such as water sprinklers, gas detectors, and explosion-proof electrical systems. Establish firebreaks of at least 10 meters around the perimeter of hydrogen and ammonia storage areas to prevent the spread of fire, ensure emergency access points are at least 30 meters from hazardous storage areas, allowing for safe and swift fire suppression and evacuation, create emergency response zones extending up to 1 km from the plant. In this zone, there should be clearly marked evacuation routes, and the community should be informed of emergency procedures in case of fire, explosion, or toxic gas release.

4. Regulatory and International Standards Compliance

The following standards is to be followed such as the NFPA 55 (National Fire Protection Association) guidelines for hydrogen systems and IIAR (International Institute of Ammonia Refrigeration) guidelines for ammonia handling. Ensure that the design and operational planning comply with Kenya’s environmental and safety regulations, particularly those outlined by the National Environmental Management Authority (NEMA) and Kenya Bureau of Standards (KEBS) for hazardous materials handling.

5. Additional Safety Measures

Conduct regular risk assessments to identify potential hazards and update safety distances as needed, especially when expanding the facility or increasing production capacity. Inform surrounding communities about the risks of the facility and ensure they are aware of emergency evacuation procedures. Carry out routine safety drills involving both plant personnel and local emergency services to ensure preparedness in case of an incident.

ANNEX 9: Climate Change Risk and Vulnerability Assessment 

Climate Change Risk and Vulnerability Assessment for Green Ammonia Fertilizer Project

1. Introduction

This Climate Change Risk and Vulnerability Assessment (CC-RVA) is tailored for the green ammonia fertilizer production facility. It addresses the potential risks and vulnerabilities associated with climate change impacts and outlines specific mitigation and adaptation measures to ensure the facility’s resilience.

2. Objectives

    Assess the potential impacts of climate change on the green ammonia production facility’s operations, infrastructure, and surrounding environment.

    Identify specific vulnerabilities related to climate change.

    Develop and recommend climate change mitigation and adaptation measures for the facility.

3. Methodology

The assessment includes:

    Climate Impact Assessment: Evaluating projected climate scenarios and their potential effects on the facility.

    Risk Identification: Identifying specific risks related to climate impacts.

    Vulnerability Assessment: Assessing the facility’s vulnerability to these risks.

    Mitigation and Adaptation Measures: Proposing strategies to manage identified risks.

4. Climate Impact Assessment

4.1. Climate Change Projections

Temperature Increases: Projected increase in average temperatures by 1.5°C to 3.0°C over the next 30 years.

Precipitation Changes: Changes in precipitation patterns with increased frequency of heavy rainfall and prolonged dry periods.

Extreme Weather Events: More frequent and intense heatwaves, storms, and flooding events.

Sea-Level Rise: For coastal facilities, projected sea-level rise may lead to increased coastal erosion and flooding.

4.2. Potential Impacts

Operational Efficiency: Higher temperatures may affect the efficiency of ammonia production processes and increase cooling requirements. Infrastructure Integrity: Extreme weather events and increased precipitation could damage production facilities, storage tanks, and pipelines.

  Supply Chain Disruptions: Changes in weather patterns may disrupt the supply of raw materials and logistics.

   Worker Health and Safety: Increased temperatures and heatwaves may affect worker health and safety.    Environmental Impact: Changes in local ecosystems and water resources may impact production processes and environmental compliance.

5. Risk Identification

5.1. Operational Risks

Heat Stress: Overheating of production machinery and increased cooling requirements.

Flooding: Risks of flooding affecting production areas and storage facilities due to extreme rainfall events.

Supply Chain Disruptions: Interruptions in the supply of raw materials and logistics challenges due to weather-related disruptions.

5.2. Infrastructure Risks

  Structural Damage: Damage to facility infrastructure from high winds, heavy rainfall, or flooding.

  Storage Failures: Risks of ammonia storage tank breaches or failures due to extreme weather conditions.

5.3. Environmental Risks

Water Resource Impact: Changes in water availability affecting ammonia production processes.

Ecosystem Disruption: Potential impacts on local ecosystems and water bodies due to changes in precipitation and temperature.

5.4. Health and Safety Risks

Heat-Related Illnesses: Increased risk of heat stress among workers.

Emergency Response: Challenges in managing emergency response during extreme weather events.

6. Vulnerability Assessment

6.1. Facility Vulnerabilities

Infrastructure Design: The facility’s design may not fully account for extreme weather conditions and rising temperatures.

Maintenance Practices: Existing maintenance practices may need adaptation to address increased wear and tear from climate impacts.

Water Management: Current water management practices may not account for changing precipitation patterns.

6.2. Supply Chain Vulnerabilities

Dependence on Specific Suppliers: Reliance on suppliers in regions prone to climate impacts.

Logistics Challenges: Transportation and logistics may be affected by extreme weather events.

6.3. Workforce Vulnerabilities

Health Risks: Increased risk of heat-related illnesses and reduced productivity during extreme heat events.

Training Needs: Need for enhanced training on climate-related health and safety issues.

7. Climate Change Mitigation Measures

7.1. Emission Reduction Strategies

Energy Efficiency: Implement energy-efficient technologies and practices in ammonia production to reduce greenhouse gas emissions.

Renewable Energy: Shift to renewable energy sources (e.g., solar, wind) to power facility operations and reduce reliance on fossil fuels.

 Process Optimization: Optimize ammonia production processes to minimize energy use and emissions.

7.2. Resource Management

Water Efficiency: Adopt water-saving technologies and practices to manage water resources sustainably and mitigate risks from changing precipitation patterns.

Waste Reduction: Enhance waste management practices to minimize environmental impact.

7.3. Carbon Offsetting

Offset Programs: Invest in carbon offset programs to compensate for emissions that cannot be eliminated.

8. Climate Change Adaptation Measures

8.1. Infrastructure Improvements

Climate-Resilient Design: Upgrade infrastructure to withstand extreme weather conditions, including reinforced structures and flood defenses.

Temperature Control: Install cooling systems and heat-resistant materials to manage higher temperatures and ensure operational continuity.

8.2. Emergency Preparedness

Emergency Response Plan: Develop and update an emergency response plan specifically for extreme weather events and other climate-related incidents affecting ammonia production.

Training and Drills: Conduct regular training and drills to ensure readiness for climate-related emergencies and effective response.

8.3. Supply Chain Resilience

Diversification: Diversify suppliers and logistics routes to reduce dependence on regions affected by climate impacts.

Risk Assessment: Regularly assess and update supply chain risk management strategies based on climate projections.

8.4. Workforce Health and Safety

Health Programs: Implement health programs to manage heat stress and other climate-related health issues among workers.

Workplace Adjustments: Adjust work schedules and conditions to minimize heat exposure and ensure worker safety.

8.5. Environmental Management

Ecosystem Monitoring: Monitor local ecosystems for changes due to climate impacts and adapt practices to mitigate adverse effects.

Water Resource Management: Adapt water management practices to account for changing precipitation patterns and water availability.

9. Monitoring and Review

Regular Assessments: Conduct periodic climate risk assessments to identify emerging risks and update mitigation and adaptation measures accordingly.

Performance Monitoring: Monitor the effectiveness of implemented measures and adjust strategies based on performance and changing conditions.

 Reporting: Provide reports on climate risk management efforts and progress to stakeholders and regulatory bodies as required.

ANNEX 10: Survey Report
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Acronyms and Abbreviations

AIC
Angle Iron in Concrete GPS
Global Positioning System RIM
Registry Index Map

IPC
Iron Pin in Concrete

MISK
Member, Institution of Surveyors of Kenya
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Introduction
Tarita Ltd intends to develop a Solar Energy Project at a site in western Kenya. On 23rd September 2019, our team received a request from Mr. Daniel Chebii for the conduct of a land survey to confirm the area and extent of the land parcel located at Kaptagat, Uasin-Gishu County, Kenya. Over the course of the past few weeks, our team has collected the necessary data and from, undertook a survey whose findings are contained in this report.

In chapter 2, we present the approach and methodology that was used for the survey. Chapter 3 presents the findings while in chapter 4, we present our recommendations regarding the parcel. This report also comes with the following appendices:

Appendix 1 – Cadastral Plans for the Parcels

Appendix 4 – Prepared Plan of the Land Parcels

Methodology
The assignment entailed the following activities:

Reconnaissance

Parcel Research

Field Measurements

Report Compilation

Reconnaissance
Our team has visited the proposed site on various occasions. However, for purposes of undertaking the survey assignment, our team visited the site on 26th September 2019. The following persons participated in this activity:

	Name
	Organization
	Roles

	Mr. Felix Kiptum
	pesaDroid Ltd
	Land Surveyor

	Ms. Doreen Kimtai
	pesaDroid Ltd
	Land Surveyor

	Mzee Kiptum
	Local
	Caretaker / Neighbour

	Mr. Abdool Kibogy
	Local
	Land Owner / Representative


During this visit, the team was received by Mr. Abdool, who is farming on the land and Mzee Kiptum (Mbuyu) who has worked in the farm for over 40 years and lives at the adjacent property. The two proceeded to show the surveyors all the corners and known beacons of the land parcel. The rough GPS coordinates of each of the beacons were acquired using an Android mobile handset, with an indicated accuracy of 1.7 m.

In addition to the visits to the farm, our surveyors also visited the nearest national datum control points to the area – for purposes of transfer of control. The reconnaissance visits facilitated the planning that was required for undertaking the assignment.

Parcel Research
The parcels of interest were identified using information provided by Mr. Daniel Chebii. Our team visited the office the director of Survey to undertake further research on the parcels. The survey maps for the concerned parcel were obtained. These documents were considered sufficient for the scope of works requested by the client.

Fieldwork and Field Measurements
Our team established a number of control points which were used for the survey that was done and which will be useful for future surveys. A high accuracy total station was used to obtain the angles and distances between various features and beacons. Some light bush clearing had to be undertaken to establish visibility between the measurement stations and some of the beacons. Weather conditions were sunny with cloudy interludes.

Approximate UTM coordinates derived with handheld GPS (based on WGS 84 Datum) were used as the coordinates of point CP-01. The approximate orientation was also derived between CP-01 and CP- 02 and used to orient the total station. After orientation, a traverse was run from these points all the way to the northernmost river. All observations were done using serialized points CP-01, CP-2 all the way to CP-22. Although not exhaustive, a number of features such as roads, power lines and fences were picked alongside the control points. The main purpose of this survey was to establish the coordinates of all the corners of the parcels concerned. The justification for using local origin at was occasioned by the lack of nearby Control Points. However, the surveyor intends to transfer control to all the points in the next phase of survey works.

Equipment Used
The exercise was conducted using the following tools and equipment:

Nikon Nivo IC, 1 second total station Serial Number 00800

Android Mobile Phone (Running GPS Status App)

Hand Digging and Cutting Tools

Data Analysis
The data was transferred from the total station into the computer and analyzed using GIS. The traverse was adjusted and coordinates of the control points as well as other features was generated. The area of the parcels was computed in the field using the GIS platform. The areas were further confirmed using calculator in the office.

Report Compilation
The final report of the survey was prepared back in the office.

Findings / Results
Project Site
The project is expected to be implemented at Kaptagat, Uasin Gishu County. One of the points inside the proposed site is at a longitude of 35.47462E, a latitude of 0.41124N and an altitude of 2400m above mean sea level. Figure 1 shows the overall position within Kenya.
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Figure 1: Project Location from a National Outlook

Figure 2 offers a closer view of the site in relation to nearby towns.

[image: image156.jpg]Kaptagat Solar Park .

Gosgle Earth
3 A
N




Figure 2: Project Location from a Regional Outlook

The B53 road cuts across the property diagonally from the South East to the North West.

The eastern boundary of the property coincides with the boundary between Uasin-Gishu County and Elgeyo Marakwet County. From a regional perspective, the proposed site lies along the Eldama Ravine

– Eldoret road (B53).
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Figure 3: View of the Parcel Vis a Viz Road Intersection

Parcel Research
Our research established that proposed site consists of two parcels – LR No 8433 which has a size of 601 acres (243 Hectares), LR No 3060 which has a size of 160 acres (64.8 Hectares).

The deed plan for LR No 8433 was sourced (FR No. 54/16). LR No 8433 was created in 1948 during the renewal (and surrender of grant) of LR No. 7436/2 which did not involve any change in boundaries. The survey data for 8433 is therefore only available through 7436/2. It was established that LR No 7436 was subdivided into two portions, LR No 7436/1 and LR No 7436/2. The main feature separating the two portions is Kipsinende River. The Northern boundary of LR No 8433 is therefore the Kipsinende River. The eastern boundary is defined by the Kaptagat Forest.
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Figure 4: Inset map showing the Northern Boundary (River)

The deed plan for LR No 3060 was also sourced. (FR No. 7/159). We were also informed that an additional 1.6 Hectare portion had been acquired north of LR No. 3060 but that was not expected to be part of the solar project.

Reconnaissance
The combined two parcels are 1.5 kilometers at the widest and 2.8km in the longest length. The terrain consists of gentle rolling meadows and is bushy along the river (northern end). During our field visit, different portions of the farm had different crops or trees. Control points were identified and established to be inter visible to each other which enabling measurement to all corners of the parcel.

Our reconnaissance also identified national control points within 15km to the south and north of the site. An IGS station is also available within 30km from the site. This will be helpful for the transfer of control from these stations to the site using Real Time Kinematic (RTK) GPS receivers. This is shown in Figure 5.
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Figure 5: Availability of National Control Points

Observation Scheme
The control points shown in Figure 3 were established on the ground using Iron Pin in Concrete (IPC). Observations were done in accordance with the scheme depicted in Figure 6 – where control point observations
(depicted in solid red) were taken on Face Left and Face Right while feature observations (depicted as dotted lines) were taken on only one face. This ensured that the data remains accurate.

[image: image160.jpg]


Figure 6: Observation Scheme within the Parcel

Field Measurements
The total station was initially established over control point CP-01. Measurements were then taken to all the other control points, and used to derive the reduced beacon coordinates in accordance with the observation scheme depicted in Figure 6. The survey mostly followed the existing fencing as some of the beacons could not be found on the ground. The missing beacons will need to be re-established.

Computation of Coordinates
The traverse was adjusted using the Bowditch method. It should be noted that the absolute value of these coordinates is not accurate, while the relative distances between all the corners are accurately determined. This can only happen after UTM controls have been established at the site.

Computation of Area
The area was computed using the GIS application. The results are shown in the following subsections.

Area of LR No 8433
The area of LR No 8433 was 579.7955 acres. The 40m road reserve consumes an additional 21.2152 acres. Altogether, the total area is 600.96 acres. This is against an expected value of 601 acres. This is a variation of - 0.04 acres from what is expected. This variation can be attributed to errors in pinpointing the exact boundaries where beacons were not available.

Area of LR No 3060
The area of LR No 3060 was 124.6689 acres. This is against an expected value of 160 acres. Our team surveyed the portion that was fenced, but it has since been clarified that the parcel should also include a Eucalyptus forest that had been excluded. This shall be confirmed during a further survey.

Wayleaves and Reserves
The land parcel is crisscrossed by road reserves as well as electric power wayleaves. The main road’s reserve extends 5m inside the fence and this shall need to be given consideration during plant design. The power lines also have wayleaves that need to be considered.

Conclusion
From the observations that we undertook in the field, it is our opinion that the size of the land parcel as represented by the beacons that were identified is reasonably consistent with the area expected from the deed plan.

Recommendations
The client is advised to re-establish all missing beacons

The site is crisscrossed by numerous power lines. The project developers are advised to take into consideration the way leaves for these power lines as they are not allowed to establish permanent structures underneath them.

It was noted that the western edge of the road reserve has been fenced in by approximately 5m. The project developer is advised not to utilize any of this portion. The owner is further advised shift the fence to ensure KENHA beacons are excluded from the perimeter.
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Figure 7: FR / Deed Plan for LR No 8433
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Figure 8: FR / Deed Plan for LR 3060
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EXECUTIVE SUMMARY

Mars Geo Contractors Limited was commissioned by Tarita Green Energy Ltd. (the Client) to prepare a geotechnical desk study to assess the ground and ground water conditions at the proposed site of the 40MWac Kaptagat Solar PV plant.
This report presents a review of the available information and findings of the site walkover to provide a preliminary assessment of the likely ground conditions to identify geotechnical risks to the Solar PV plant. The site is considered to be underlain by deep red volcanic soils underlain by the Uasi Ngishu phonolites. However, an intrusive investigation is required to confirm ground conditions.
A few shallow borrow pits were also manually excavated with the aim of stratifying the subsoil in the project area.
No significant geotechnical risks have been identified at this stage although limited information is available so there is a moderate risk of unforeseen ground conditions.
The desk study concludes with recommendations for intrusive and non-intrusive ground investigation to inform tender design and pricing for the works. The proposed ground investigation scope includes boreholes, trial pits and resistivity testing.
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1. INTRODUCTION AND SITE DESCRIPTION

1.1 INTRODUCTION
Mars Geo Contractors Limited was commissioned by Tarita Green Energy Ltd. (the Client) to prepare a geotechnical desk study to provide a preliminary assessment of the ground and ground water conditions at the proposed site of the 40MWac Kaptagat Solar PV plant. The aim of this geotechnical desk study report is to present the findings of the following activities:
· Assess the soil profiles including soil types and underlying bedrock geology at the site;
· Identification of problematic soils (i.e. black cotton soils / obstacles in the ground.
· Assessment of topographical conditions ( water courses and distinctive topographies)
· Assessment of potential geological instability associated with natural slopes, erosion and infrastructure development
· Vegetation cover and type
1.2 SITE LOCATION
The Kaptagat site is located at Kaptagat approximately 27 kilometers east of the Eldoret town and is defined by the geographical coordinates. Latitude 0.4079290° and Longitude 35.4743440°. The site can be accessed through the existing Eldoret – Eldama Ravine tarmac road. The proposed 40MW Solar PV project will be developed in Kaptagat, Elgeyo Marakwet County in Kenya. The county is located in the former Rift Valley Province with Iten as its administrative and commercial center.
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Figure 1: Showing site location

TOPOGRAPHY AND CLIMATE
The general drainage system in the area is strictly dependent on the slope, the nature and attitude of bedrock and on the regional and local fracture pattern. The site is relatively flat and sloping very gently towards the east. Ground elevations recorded at the site ranges from about 2402m above sea level (ABSL) to about 2442m ABSL by use of handheld GPS. The highest elevations of about 2442m ABSL are recorded around the southeast corner of the site whilst the lowest elevations of 2402m above ABSL are recorded around the southwest corner of the site. The gradient across the site is generally shallower.

Rainfall season in the project area exhibits bimodal type of rainfall whereby long rains start in mid-March and end in late May while short rains from August to May. Dry spell is experienced from December to mid-March. Annual rainfall for the area is predominantly 1100mm.

HISTORICAL AND CURRENT LAND USE
The site is understood to be predominantly undeveloped and has not been subject to any historical land use such as mining or landfills which could pose significant ground constraints to the proposed development. It is understood from the walkover survey carried out that the site had been historically and still currently used for agricultural purposes i.e. animal grazing and cropping. There are a few temporary houses and structures noted on site during the walkover which are further described in Section 6. The site is currently generally sparsely vegetated as almost all the site land is utilized for agricultural purposes. Further descriptions of the currently land use are presented in the walkover notes in Section 6.

GEOLOGY AND GROUND CONDITIONS

SUMMARY OF GEOLOGY INFORMATION
Kaptagat area is situated at the border of Uasi Ngishu and Elgeyo Marakwet which is part of western Zone of rift valley where phonolite lavas are resting directly on the basement system of rocks. On top of the basement the geology comprises tuffs phonolite, agglomerates and sediments.

The general geology of the area is determined by two rock groups the consolidations of which were separated, by a vast period of earth history. They are:-

Metamorphic rocks of the Basement System.

Tertiary lavas and tuffs.

Basement System rocks forming the southern Cherangani hills consist of Precambrian para- gneisses and schists of originally sedimentary origin and are accompanied by crystalline limestones and quartzites. The rocks are thrown into folds overturned towards the west so that the succession is repeated across the strike; both foliation and shear-planes dip towards the east.

Tertiary phonolite lavas entered the region from the east and south-east during the Miocene period. They obscure a large portion of the Basement System and reach their greatest thickness in the high country bordering the Rift Valley near Elgeyo. Two separate flows have, been distinguished in the Uasin Gishu; the lowermost rests on tuffaceous sediments in the Sosiani valley, west of Eldoret, and also near Moiben, and extends to Turbo. It is overlain by a similar and less extensive flow between Sergoit and Eldoret.

Late Tertiary and Pleistocene faults connected with rift valley movements displace both Basement System and phonolites in the east and north-east part of the area.

Red-brown earths derived from the lavas of the Uasin Gishu plateau cover most of the area. Soils covering the phonolites are comparatively thin and have a friable texture.
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Figure 2: Geological Map Extract with red dot indicating approximate site location
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GROUND CONDITIONS
In light of the various descriptions above it is considered the site is likely to comprise shallow red volcanic soils. The underlying bedrock is considered to be comprised of phonolites underlain by tuffs. An intrusive ground investigation is recommended to prove these ground conditions.

SEISMICITY

The GSDRC paper addresses the seismic risk in Kenya, using sources including figure 3. It identifies the overall seismic hazard as being strong, however an extract of the earthquake risk map in Figure 4 shows the earthquake intensity along the proposed site area as medium. Figure 4 below shows the Seismic distribution map.

Figure 3 - Earthquake intensity, Kenya
Mars Geo Contractors Limited
Geotechnical / Soil Investigation Service Providers
[image: image168.png]



[image: image45]
 Figure 4- Seismic Hazard Distribution map
FIELDWORK AND SITE WALK OVER SURVEY

A Site Walkover was undertaken on 9th & 10th July 2019. The site walkover findings and photographs are presented in section 6 in the Site Inspection Record. During the site walk over survey a few shallow test pits  (6 trial pits) were randomly excavated to depths of 1.5 meters. The particular interest was the stratigraphy   of the soil profile on site (as shown in figure 5) which comprised mainly of red volcanic / earth soils encountered in all excavated shallow test pits. A typical site representative shallow pits log is shown below;

	Mars Geo Contractors Limited
	TRIAL PIT 1

	EQUIPMENT AND METHODS:
Manual excavation
	PROJECT TITLE: KAPTAGAT
SOLAR POWER

	CARRIED OUT FOR:
TARITA GREEN ENERGY
	Date: 10/07/2019

	Description
	Reduced

Level in Meters
	Legend
	Depth (thick)
	Sampled Depths
	Mechanical core log
	Field rec.

	
	
	
	
	TYPE
	NO.
	TCR
	RQD
	FI
	

	Formation:

0.00-0.20 : Loose/unconsolidated normal soil (TOP SOIL)

0.00-1.50m: Fine grained, firm to stiff, medium dense, red EARTH SOIL
	
	
	0.00

-0.20

-
-
-
-
-
-1.50
	
	
	
	
	
	

	
	
	
	
	B
	1
	
	
	
	


Figure 5: Shallow test pit excavated on site with its typical log

DISCUSSIONS AND RECOMMENDATIONS
GEOTECHNICAL RISK ASSESSMENT

A preliminary, qualitative geotechnical risk assessment is presented in Table 1 below based on the information reviewed in the desk study. The identified risks and ground constraints will be used to determine an appropriate scope for further preliminary intrusive and non-intrusive ground investigation works to inform and guide for tender design and pricing for the works.
Table 1- Geotechnical Risk Assessment
	Geotechnical
Risk
	Impact
	Likelihood
	Proposed Mitigation

	Shallow Rockhead / Medium
dense earth soil
	Such ground conditions may require specialist machinery to ensure sufficient foundation depth is achieved to provide the uplift resistance for the PV wind loads. In the case of shallow rockhead this could comprise rock
sockets.
	Low
The available and published geological information indicates superficial soils to depth. No rock was observed in shallow borrow pits.
	Undertake trial pits to assess excavability.

	Running Sands
	The presence of running sands will pose challenges for any excavations required and may necessitate the use of well-managed temporary works.
	Very Low
The site observations shows the soils to be free-standing at a relatively steep angle and the material was found to clump indicating cohesion. The excavated vertical sided borrow pits on site show no evidence of
collapse.
	Intrusive investigation, including excavations to assess excavability and sample testing for soil classification.

	High Groundwater
	High groundwater poses construction challenges as it may necessitate pumping to keep excavations dry and stable. It also may facilitate the transport of minerals that may be
aggressive to concrete.
	Low
Observations during site walkover suggest the site is dry, supported by the limited vegetation. Two hand dug wells were noted on site.
	Include observations of groundwater strikes during intrusive investigations.

	Seismic
	Damage to site
	Low
A review of the published seismic hazard risk suggests the
	Design to the published peak ground acceleration for the site.


Mars Geo Contractors Limited
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	site is not within a seismic risk area.
	

	Underground voids
	The roof of natural and man-made voids may collapse and progress to the surface resulting in damage to any overlying structures.
	Low
Desk study findings indicate a substantial depth of superficial soils which decreases the risk
	Due to the absence of detailed local geological mapping data, boreholes should be undertaken as part of an intrusive investigation to prove rock type or sufficient thickness of superficial deposits in
the site area.

	Buried
	Construction delays or
	Low
	Undertake trial pits to

	obstructions
	requirements for specialist machinery to remove obstructions.
Hard spots resulting in
	The site’s history and current use indicates there is no likelihood of encountering man- made obstructions.
	assess excavability and note any obstructions encountered.

	
	differential settlement,
	No cobbles were observed at
	

	
	however this is unlikely
	the ground surface which
	

	
	to be a significant
	suggests no natural
	

	
	challenge for a PV plant.
	obstructions may be present.
	

	Low Bearing Capacity
	Construction challenges and bespoke design solution for foundations.
	Very Low
The published geological information and the site observations all suggest the site will have sufficient bearing
capacity to support a PV site.
	Intrusive ground investigation to confirm preliminary findings.


SUMMARY OF RISK ASSESSMENT RECCOMENDATIONS
From a constructability and operability perspective, we do not consider there to be any substantial topographic issues with the site and the plant can be suitably designed to take the land profile into account. The condition of the site for a solar PV plant is good and there are no visible obstructions to the construction of a plant on the proposed site, although very minimal ground / vegetation clearance may be necessary.

Overall the ground conditions across the site are uniform, comprising a surface soil of predominantly red earth soils. There was no sign of any flood risk or substantial drainage issues on site.

Local presence (e.g. temporary huts and cultivated plots) will need to be addressed prior to the construction of the solar PV plant in the proposed location; however further clarification of the impacts should be provided by the Environmental & Social consultant.

Best practice approach in the design and construction of the plant will be necessary, in respect to ground conditions, clearance of the infrastructure from any Environmental & Social constraints and access to, and delivery of key components for, the plant.

GROUND INVESTIGATION SCOPE RECOMMENDATIONS
An intrusive ground investigation (GI) is scoped to inform tender design and pricing for the works. It should be noted that this is a preliminary investigation to aid pricing and reduce geotechnical risk. Further GI maybe required to inform detailed design or to further target specifically identified ground risk.

Following the risk assessment above and in considerations, the ground investigation scope to include the following;

Exploratory holes to identify stratigraphy and provide samples for classification and testing. Exploratory holes to include;

Trial pits to assess the excavability of the shallow soil and shallow ground profile

Boreholes to determine the ground profile to depth and the bedrock type, if encountered.

Recording of groundwater strikes

In-situ testing including Standard Penetration Tests, plate loading tests, soil infiltration test and thermal conductivity tests

Geotechnical laboratory testing of soil samples

In-situ electrical resistivity testing by Wenner Array in accordance with BS 1377- 9 or other equivalent international standard

The ground investigation and soil classification should be undertaken in accordance with BS 5930 (2015) or other equivalent international standard.

A grid >60m is recommended when investigating large areas. Additionally boreholes at closer centers will target the proposed substation location.
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APPENDICES

SITE INSPECTION RECORD AND PHOTOS
SITE VEGETATION
The land is relatively clear (devoid of shrubbery and trees). The land was previously used for wheat, oats and maize cultivation. Wheat and maize are annual crops with a single harvesting season.
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Image 1: Vegetation cover mainly short grass
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Image 2: Cultivated section (subsistence farming of oats and maize)

FAUNA
No wild animals (with the exception of small birds) were observed during the site visit. The only animals on site were grazing cattle, goats and dogs

LOCAL ACTIVITY
In two sections of the site, local temporary huts were noted. These residences are for farm caretakers and have cultivated plots and / or grazing areas for their subsistence.
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Image 3: Temporary Residential Structure 1
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Image 4: Temporary Residential Structure 2
6.14. ON-SITE INFRASTRUCTURE
It was noted during the visit that a Kenya power low voltage distribution lines pass through the land which can be rerouted before the construction of the proposed project starts. Two hand dug wells were also observed on site as shown on photos below.
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Image 5: Hand dug well 1
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Image 6: Hand dug well 2 with an elevated tank
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Image 7: Kenya Power low voltage line

OBSTACLES
During the walkover of the site, there were no observed ground obstacles (including large rocks, topographical features, water bodies, swamps, etc.) that would prevent the development of a solar PV plant and associated infrastructure.

Summary of the site inspection features encountered on site and locations where shallow trial pits were excavated is presented below.
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Image 8: Summary of site land features
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TRIAL PITS PHOTOS
Image 9: Trial Pit 1
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Image 10: Trial Pit 2
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Image 11: Trial Pit 3

[image: image49.jpg]



Image 12: Trial Pit 4
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Image 13: Trial Pit 5
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Image 14: Trial Pit 6
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   ANNEX 12: 
A detailed hazard and operability (HAZOP)study and layer of protection analysis to identify and address potential hazards in hydrogen and ammonia production industrial processes

A Hazard and Operability (HAZOP) study, combined with a Layer of Protection Analysis (LOPA), is a systematic and detailed method for identifying and mitigating risks in industrial processes, such as hydrogen and ammonia production plants. Both techniques are essential for process safety, helping identify potential hazards, operability issues, and mitigating measures.

Here’s a comprehensive breakdown for hydrogen and ammonia production:

1. Hazard and Operability (HAZOP) Study for Hydrogen and Ammonia Production

The HAZOP study is a structured approach that evaluates the plant’s design, operations, and potential deviations from normal functioning. It typically uses guidewords to examine what could go wrong in specific sections of the process.

HAZOP Approach Steps:

1. Team Formation: Assemble a multi-disciplinary team: process engineers, safety experts, operations personnel, and maintenance staff.

2. Process Division: Divide the hydrogen and ammonia production process into nodes (specific parts of the plant or pipeline sections).

3. Identify Process Parameters: Parameters include flow rate, pressure, temperature, level, composition, reaction rate, etc.

4. Guidewords for Potential Deviations: No/Not: Complete absence of a parameter (e.g., no flow, no pressure); More/Less: An increase or decrease in parameter values (e.g., high pressure, low flow); Reverse: Reversal of flow, temperature, or chemical reactions; Other Than: Any condition or state other than normal operation (e.g., different composition); As Well As: Additional phenomena (e.g., unintended reactions, side reactions).

5. Key Hazardous Scenarios in Hydrogen and Ammonia Production:
Hydrogen Production: High Pressure in Reactors or Pipelines: Overpressure can cause rupture or explosion; Hydrogen Leaks: Flammable, with wide explosive limits in air (4-75%); Oxygen Contamination: Leads to flammable or explosive mixtures; Reverse Flow in Pipelines: Can lead to dangerous mixing of gases or improper operation; High Temperature in Reforming Process: Increases the risk of fires or equipment damage.

Ammonia Production (Haber Process): Pressure Build-up in Synthesis Loop: Ammonia synthesis occurs at high pressures (150-300 atm), creating the potential for catastrophic failure; Ammonia Leaks: Highly toxic and can form explosive mixtures with air; High Temperature in Reactors: Excess heat can cause thermal degradation of catalysts or uncontrolled reactions; Water or Air Ingress: Water entering the ammonia loop can cause rapid pressure escalation, while air can lead to dangerous oxidation.

6. Consequences: Identify the consequences of each deviation (e.g., explosions, toxic releases, equipment damage).

7. Safeguards: Document existing safeguards such as pressure relief valves, gas detectors, and automated shutdown systems.

8. Recommendations: Recommend improvements such as additional alarms, control systems, training, or design changes to mitigate risks.

2. Layer of Protection Analysis (LOPA) for Hydrogen and Ammonia Production

LOPA is used to assess the effectiveness of safeguards and determine if additional protection layers are necessary. It focuses on specific hazardous scenarios identified in the HAZOP and quantifies the risk by assigning values to the likelihood of failure and the effectiveness of each protection layer.

LOPA Process Steps:

1. Identify Hazardous Scenarios: Select high-priority scenarios from the HAZOP study, such as hydrogen leakage leading to an explosion or ammonia release causing toxic exposure.

2. Determine Consequence Severity: Assess the potential impact on personnel, the public, equipment, environment, and financial losses. Rank consequences (e.g., catastrophic, severe, moderate, minor).

3. Frequency of Initiating Event: Estimate how often the hazardous event could occur without any controls (e.g., hydrogen pipeline rupture due to corrosion or ammonia synthesis loop overpressure due to compressor failure).

4. Layers of Protection: Identify existing layers of protection, categorize them as preventive or mitigative, and evaluate their effectiveness.

Preventive Layers:

· Process Control Systems (PCS): Automated control systems maintaining normal operations and detecting deviations.

· Safety Instrumented Systems (SIS): Independent safety systems designed to detect and mitigate deviations (e.g., emergency shutdown systems).

· Pressure Relief Valves (PRVs): Release excess pressure to avoid rupture.

· Gas Detection Systems: Sensors to detect hydrogen leaks or ammonia vapor.

· Operator Intervention: Trained personnel responding to alarms.

Mitigative Layers:

· Emergency Response Plans: Procedures for evacuating personnel and alerting emergency services.

· Fire Suppression Systems: Foam or water-based systems to extinguish fires.

· Blast Walls/Containment: Barriers to prevent the spread of explosions or releases.

5. Risk Calculation:
· Assign Risk Reduction Factor (RRF) or Probability of Failure on Demand (PFD) to each layer. The lower the PFD, the more effective the layer is.

· Calculate residual risk by combining the frequency of the initiating event and the effectiveness of protection layers.

6. Determine If Additional Layers Are Needed: If the risk is still unacceptably high after accounting for existing protection, recommend additional layers or safeguards.

Example Application:

Hydrogen Leak in Storage Tank:

· Scenario: Hydrogen leaks from a storage tank due to valve failure.

· Consequence: Explosion if the hydrogen reaches its lower explosive limit (LEL) and finds an ignition source.

· Frequency of Initiating Event: Valve failure leading to hydrogen release once every 5 years.

Layers of Protection:
· Process Control: Continuous monitoring of tank pressure and flow.

· Safety Instrumented System: Automatic isolation of the tank if leak detected.

· Gas Detection: Hydrogen sensors triggering an alarm and shutdown.

· Operator Response: Trained personnel monitoring and acting on alarms.

Mitigative Layers:
· Explosion-Proof Equipment: Electrical systems rated for hydrogen environments.

· Blast Walls: Physical barriers to protect adjacent units.

LOPA Outcome: If the residual risk after applying these layers is still too high, consider adding fire suppression or improving leak detection sensitivity.

ANNEX 13 side photos
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ANNEX 14: filled in questionnaires
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3. Where do you get your water? J0.78.5C.
4D0 you practice farming? Yes . 7. No
SECTION C: ECONOMIC ACTIVITIES
1. What income generating activities are you involved in? js'»mnf
2 Whatis your total monthly income? .. 0.4 5 i
SECTION D: SOCIO-CULTURAL ACTIVITIES
1. What socio-cultural activitis are you involved in?
2 What schools do your children go t0? 4. Ca dem
3, Which hospitals do you go 07 @ [0 ab4i Che.... hespided.
4 Where do you do your shopping? | A0 u 4....tHE... QT4
PART 2: SOCIO-ECONOMIC IMPACT
1. How will this project affect your ife? . a2 "
S e e
2 Water availablity and quality =
b Livestock numbers and forage
 Healthissues
4 Sovialneractions . .
& Whete they live and for how long
£ Access 1 hospitals and schools
2 Job opportunities/employment v/
s The number of children and wives
 Income levels
j General living standards
PART 3: MITIGATION
1. What do you recommend as solutions 10 the above problem (s)

Sex 744 Level of educs

%

T ves, where? ’..kn/(v.::'J"r e

2 Who do ou think should be involved in solving the above problems and to what
extent. [p..nk7.. et of ety Maraiclt

Neme AN, AP, 10N 2IOM AR Sit0 LT
2308 2084

THANK YOU

DAT

e 110 OIS by s
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Questionnaire
PART 1: EXISTING CONDITIONS

SECTION A
DEMOGRAPHIC DATA. X *
R CRATAACATAYS Ao TS0 M. Lavel o educatlon. YOS
SECTION b: LAND USE SYSTEM

1. How long have you lived here? .. 8.
2. Type and number of animals kept?
3. Where do you get your water? . ALVE!.
400 you practice farming? Yes .A¢%.... N0 ..
SECTION C: ECONOMIC ACTIVITIES

1 What income generating activities are yoy involved in? .
2 What i o o ol il 8,2
SECTION D: SOCIO-CULTURAL ACTIVITIES -
1. What socio-cultural activities are you involved in?y. £¥22
2 Whatschools do your children go .. 2L 2L
3. Which hospitals do you g0 t0? . 2. 1Y

4 Where do you do your shopping? . F (2%,
PART 2: SOCIO-ECONOMIC IMPACT _
1. How wil this project affect your lfe? ... A8 p 7 G54

2 Howwill he proposed projectafet your lvlihood i erms of e
ety and gy 47 i Wit EXUSve {u fhoe frfec]
o . ot - fonSr -

b Livestok numbgrs and oroge
< Health issues [T, e
4. Social interactions ., /Y.
e Where they live wad Yor b lone e o i
£ Access 0 hospitals and schools s e Chal
L nninealie 7/‘ e ol (e

b The number of children and wives (@gle.... 0 Wifse:..

& Income evels .1V,

. General lving standards AV 7.

PART 3: MITIGATION

1. Whit do you recommend as so
& Vavy&"\ Lovey, 37 3

the ab bler s
Bl (e uw:y? ,'."J),,‘
2. Who do you think should be involved in solving the above problems and to what
extent. /IHE ComMUN T
Nmfwv TS ovo. FLZHOK. g
ourean R,

THANK YOU
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hoxed] ey
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PART {: EXISTING CONDITION
SECTION A:

DEMOGRAPHIC DATA

Name JEARL. gt ch Apet E...Sox . M
SECTION B: LAND USE SYSTEM

1. How fong have you lived here?., L6yt
2, Type and number of animals kept?. 2.

3, Where do you get your water? .. beve, el
4.D0 you practice farming? Yes /... N ..

2 What s your total monthly income?
SECTION D: SOCIO-CULTURAL ACTIVITIES
1. What socio-cultural actiities arc you involved ln“ .

2 What schools do your children go 107 . 1
3 Wiich hospals doyougota? A Flnag C«.qé,,;‘l u&.[w“—lj
4, Where do You do your shopping? . (st s Gkeprs

PART 2: SOCIO-ECONOMIC IMPACT

1 How will s rjset et your 2 ety —tizzete M nokodips
2 How will the proposed project affect your livelihood in terms of

a. Water availability and quality ... < it : 2

b, Livestock numbers and forage

© Health issues

& Socal interactions .

< Where they live and for how long 2 S
£ Access to hospitals and schools IS i

i ob opportuniievemployment L4... Loltt (o2ade. OﬂW"»"“"L{

b The number of cmm.z;.*m“.m £ o drcin .o k5 42 J

i Income levels .., Lix. will.ltareve top oot easlf

J. General living standards .. k- Weopedre g (e W*Pﬁ
PART 3: MITIGATION Coror by Sivco perpho A e\_,Pl

1, What do you recommend as solutions t6 the above problem () ..

SCr Wl fogoiiar L -Mc.»—ra.jm Mo q;w««ﬁ

Uns _pvicn
D e T
evtent. K (olecATue. ves pusiaite ( Lebweon -&w Comveantly -

s
3.;&/ ™
AR 7'9§ i

DATEAFL0. [
THANK YOU
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PUBLIC PARTICIPATION FOR THE FROPOSED GREEN AMMONIA FERTIL

Questionaire
PART | EXISTING CONDITIONS
SECTION A
DEMOGRAPHIC DATA
Name Heeric. A2l Age &A1 Sex .71 Level of cducation . £2..55

SECTION B: LAND USE SYSTEM
1 How long have you lived herc? 4
2, Type and number of animals KepiZ. - 7.
3. Where do you get your water? .. s e/e 25
4.Do you practice farming? Yes ... .. No.
SECTION C: ECONOMIC ACTIVITIES

1, What income generating actvities are you involved in?
2 Whatis your total monthly income? ... S-€22.... 25
SECTION D: SOCIO-CULTURAL ACTIVITIES

1, What socio-cultural setivities are you involved in?...
2 What schoals do your children g 107 ... o

5. Which hospitals do you g0 o? . 44
4 Where do you do your SOPINE?...... 4 #%....
PART 2: SOCIO-ECONOMIC IMPACT
1. How willtis project affect your life?

2 How willthe proposed projectaffetyour ivelitood i ermsof
 Water availability and quality .........0762

b Livestock numbers and forage o
e Health isues ... 50

4 Social interactions ... /{24

& Where they live and for how long
£ Access to hospitals and scheols

& Job opportunitiesemploymernt

b The number of children and wives
i Income fevels ..

}. General living standards

PART 3: MITIGATION

1. What do you recommend as solutions to the above problem (5.

o

coxes

areed

s Wikl b

2 Who do-you think should be involved in solving the above problems and to what

extent....

et

e S D ND e RS S

Name 5%

DATE 37 %5 k.

THANK YOU
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Questionnaire

PART 1: EXISTING CONDITIONS

SECTION A
DEMOGRAPHIC DATA
Name ., Sxgescl . Wy, Age 33,8
SECTION B: LAND USE SYSTEM
I-How long have you fived here? ., 22
2. Type and number of animals kept?, .25
3. Where do you get your water? , 2
Do you practice firming? Yes No
SECTION C: ECONOMIC ACTIVITIES
x ot income gencrating activties are you involved in . £ r
2 Whatis your total monthly income?, e

SECTION D: S0C10-Cut.-
1. What socio-cultural ativties are you involved in?
2 What schools do your children go 107 .
3 Which hospitals do you go to? . ¢,L-
++ Where do you do your shopping? . L&
PART 2; SOCIO-ECONOMIC IMpACT
1. How wil this project affect your fife? . (igliieg . feensivny .
2 How will the proposed project affect your livelibgad in terss of

& Water availability and quality .-
b Livestock numbers and forage .
& Healthissues . dir. qualbtay
& Social interactions 4eka,
& Where they live and for how long 1%
£ Access to hospitals and schools (3
& Job opportunitiesiemployment .
i The number of children and wives M\
& Income levels ] it

PART 3: MITIGATION

1 Whatdo you recommend as solutions to the above problem m&)wﬁ\:.‘:-ﬁ Camourtin

2 Who_do you think should be involved in solving the above problems and to what
:xlm.:“m.,m”\ﬁb and s foaers
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Questionnaire
PART 1: EXISTING CONDITIONS

CTION B: LAND U
1. How long have you lived here? 5. T3
2. Type and number of animals kept?.
3. Where do you get your water? ...... FRIGUE. by Gy,
4.Do you practice farming? Yes .3 No .......... If yes, where? Chos
FCTION C: ECONOMIC ACTIVITIES

Ag."h«r

What income gencrating activities are you involved in? .
2 What is your total monthly income? ...<3 @81
SECTION D: SOCIO-CULTURAL ACTIVITIES
1. What socio-cultural activities are you involyed in?
2 What schools do your children go o7 ... M /...
3. Which hospitals do you go to? ELdoret.

A Where doYou do your Shopping? - C.YCAT
PART 2: SOCIO-ECONOMIC IMPACT

1. How willthis project aect your life? 2. {6104 em Pleinwnt. fed, gt fernlzer
2 How willthe proposed project affect your livelihood in terms of
& Water availability and quality 106815 w1
b Livestock numbers and forage .. 1. .L00N2+.. iEReC
. Health issues .|, Canfrilied . it. woon™t atéd
. Social interactions .M W111....|CAPIVE

e Where they live and for how long ... won't ek,
£ Access 10 hospitals and schools wenll affect:
g Job opportunities/employment . M. 151\ AP
b The number of children and wives . J1CE4.
& Income fevels . 5
 General living standards 17PN}
PART 3: MITIGATION

1 What do you recommend as solutions to te above problem (5) FRHYE, Ahat...
Wage produed are Conproed

want e mat.

2 Who do you think should be involved in solving the above problems and to what
extent.. ANe. CornPany

rame. MAYY... apssng b o, B264712
oareaz ] 203

THANK YOU
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Questionnire
PART 1: EXISTING CONDITIONS

SECTION A

DEMOGRAPHIC DATA

Name RAEG. BE@W........ A
SECTION B: LAND USE SYSTEM

1. How long have you lived here? 3.5,

2. Type and number of animals kept?.. gmmmi B LSS
3. Where do you get your water?

4D you practice frming? Yes yer e
SECTION C: ECONOMIC ACTIVITIES <
L Whatincome generating acivites are you involved in? .. Aoy,
2 What s your total monthly income? A9/.0.9R.17.

SECTION D: SOCIO-CULTURAL ACTIVITIES
1. What socio-cultural actvites are you involved in? " y
2 What schools do your children g0 107 CI@REIN. . JIAROATA .
3 Which hospitals do you go t0? Chaf435 & mlespssae:

4 Where do you do your shopping? . CWEESi¥..CRmATE. -
PART 2: SOCIO-ECONOMIC IMPACT

1. How will this project affect your Jie?

2 How will the proposed project affect your P ipsmof
R S
b Livestock numbers and forage .. \neSa8 "‘a“
¢ Health issues . K. ANENE..

4 Social interactions ..\ PO YOV

& Where they live and for how long
 Access to hospitals and schools ...
g Job opportunitiesiemployment .. AY3
b The number of children and wiv
 Income levels . lateesy,
j, General living standards .
PART 3: MITIGATION
1. Whatdo you recommend as soluions o the sbove probem 5 .

Fradly acbni B Lo dusk Aot oo

¢ 39,..50x ... Level of education . SELOWDAR

2 Who do you think should be involved in solving the above problems’and to what
extent..

Name .. BAER.. DO o0, ETATLIEL
owte.. X1 108024

THANK YOU

Sign
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PUBLIC PARTICIPATION FOR THE PROPOSED GREE? o

Questionnaire
PART 1: EXISTING CONDITIONS
SECTION A:
DEMOGRAPHIC DATA 4
Name . 20510 e 0. . Age ZEL.Sex . Male Level of education Srovresrs:
SECTION B: LAND USE SYSTEM
1. How long have you lived here? .. 32, 1%,

2. Type and number of animals kept?. CAAE... 10 .. 48, 20

3, Where do you get your water? . F-SBESE. ... it .
Do you practice faming? Yes .= No..... I yes, where? . £7725E:
SECTION C: ECONOMICACTIVITIE

1 Whatincome generating actvitis are you involved in? . Ex034%7 @l

2 What i your total monthly income? .42
SECTION D: SOCI0-CULTURAL ACTIVITIES
1. Whatsocio-eulural civiies are you involved 7
2 What schools do your children g0 07 .20 2L
3. Which hospials do you g ... bl &1
4 Where do you do your shopping? - . F. 1%
PART 2: SOCIO-ECONOMIC IMPACT

1. Howe will this prjeetaffct your 7 ..o

2 Ho will he propased projct affet your lvelinood i erms of
. Wit availability and qualty .12

b Livestock mumbers and forage .. 207

¢ Healthssucs o 25

Pl

 Where they lvend for ow long

 Acsess o hospitls and schools

& Job opporunities/employment
. The number of children and wives

+ Income levels ..

j. General liing standards

PART 3: MITIGATION

1. What do you recommend s solutions t the above problem (s)

2 Who do you think should be fnvolved in solving the above problems and 1o what
extent.....

Name SR 1Pl Dx0, 206850NY, s S
DATE 0TS TNTEES.
THANK YoU
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Questionnaire
PART [ EXISTING CONDITIONS

SECTION A
DEMOGRAPHIC DATA
Name AR E ..o A A 3y Sex 1 5. Level of cducation ST -5

SECTION B: LAND USE SYSTEA
o lon ava ek 1 et el et

2. Type and number of animals kept? Amel €63 wns . SA.. Ay AR wAoLS
3. Where 40 500 et yous- wolbs BN i ol
4100 you practe farming? Yes .z, No ... 1fyes, where? pay S
SECTION C: ECONOMICACTIVITIES

1 What income gencrating activiies arc you involved in? - 1870921= farmivy
2 What iy (ol monthly 1n€ome? . VByDBLE ... vvirr s
SECTION D: SOCIO-CULTURAL ACTIVITIES
1. What socio-culfural sctivities sre you nvolved in?
2 Whatschools o your cidren g0 to?. CHERAI,. friromrs SShe)
3 Which hospitals do you g0 107 Clasg avgis. . G pesacy

4 Where do you do your shopping?  CAATERAE. .24

PART 2: SOCIO-ECONOMIC IMPACT

1. How will this project affect your ife? .. A3

2 How will the propsed project affect your Ivelifod in terms o

4. Water availability and quality <X . i1 £H

b Livestock umbers and forage . & Amsstaic. farags Hant, {bm\.wr
© Health issues . —

& Social imteractions . A7

< Where they live and for how long

£ Access o hospitals and schools g

& Job opportunies/employment 1S AL L e0Pla
e

i Income levels NTPPRRE. tatoonik  cmfloqmd”
| Géneralliving standards . L @ABYS wae—) -

PART 3: MITIGATION

1 What do you tecommend as solutions 10 the above problem (5.

2 Who do you think should be involved in solving the above problems and 1o what
EXEN. i

NameRy RS RANE . IDNO. L GLAS .G Sign
DATE. 2= M.
THANK YOU
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PART I EXISTING CONDITIONS
SECTION A

DEMOGRAPHIC DATA

Name .. Sl gy . ¥ Age 24
SECTION B: LAND USE SYSTEM

1. How long have you lved hee? .57, @S

2. Type and number of animals Kepi7., ....... G S0, Thns E‘j’
3. Where do you get your water? MM B
4.D0 you practice farming? Yes7........ No If yes, where?
SECTION €: ECONOMIC ACTIVITIES

1. What income generating activitics are you involved in? .. . o
2 What s your total monthly income?. DML HNFES s g vSanmel.
SECTION D: SOCIO-CULTURAL ACTIVITIES (e

1 What socio-cultural activties are you involved in? Az
2. What schools do your children g0 to? .e.,m_\a%sﬁm.
3. Which hospitals d0 you 0107 ... Tl ANr v o
e e RN
PART 2: SOCIO-ECONOMIC IMPACT

1. How willthis project afeet your lfe? ......- A ...\ fo- a{()@ s
2 How will the proposed project affct your livelihood in teams of

. Water availability and quality ......... A= WAoo a(gles* waler—
by Livestock numbers and forage il

 icath S506a o FY RN Nliprm s
4 Socil interactions . -

& Whee they live and for how long ...
£ Access to hospitals and schools

& Job opportunities/employinent .=
. The number of children and wives

i Income levels iy

- Generalliving sindands e SpeeeN

PART 3: MITIGATION = i
. What do you recommend s solution o the above problem (5) NS4 M. .okl et

Fonletose of ctucaion X 2.2 8-

2 Who da you think should be involved in solving the above. problems and to. what

extent..

Sign . MR

Name . S0 o Np N
DATE,.. 1= R=2.4.

THANK YOU
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Questionnaire
PART 1: EXISTING CONDITIONS

SECTION A

DEMOGRAP!I DATA
Name EUARR B e Bl s, )

3. Where do you get your waigs2
4.D0 you practice farming .\J_ ¥
ECTION C: FCONOMICACTIVITI

2 Wit your o monily ncome? < L)L
ECTION D: SOCIO-CULTURAL M’TIVI‘TIFS
1. What socio-cultural acivtesare you involved
2 What wmm,y.m,k..mm.,m, SRE
3. Which hosplas do you go

4. Where do you do your shopping? e (,»1 b
PART 2: SOCIO-ECONOMIC IMPACT

1. Howe will this project oftectyoue e ... 5. (..
2. How will the proposed project affect your livelihood in lemuoi
a Water availability and quality 2

b Linetok muntes g e
= Health ssuss

& Sostal interactions d
 Wiherethey live and fo how long
e Koo e sl il ihie

g Job opportunities/employment
. The number of children and wive:
L Income lvels .

G 1 g s
PART 3: MITIGATION
1. What do you recommend as solutions to the above problem (s) .

2 Who do you think should be involved in solving the above problems and to what
extent

THANK YOU





ANNEX 15: filled in interview questionnaires, stakeholder’s perception to the project and attendance list
[image: image97.jpg]Proposed Green Ammania Production Fas

W gobit frmmr Dens trotn ten

Prepared for: JARITA SEHR L TD
Prepared bys_JEFN_ WSAcHION— Foss

Date

e Urrachy

1. totroduction

This report provides a detailed assessment of the vesetation baseline in the Kapt

st region, Unsin Gishu

production facility. The objective is to document the

County, in relation o the proposed green ammoy
current vegetation status, asses its ecological value, and identify any potential impacts that the project may

have on local plant communities. This assessment will form pat of the broader Environmental Impact

Assessment (EIA) required by the National Environmental Mansgement Authority (NEMA)

Iy Area DescriptionDeseription

The figure below shows the satellite image of the proposed project location and it's surrounding

covironment

Figure 1
The proposed project site is located in the Kapiagat area, which is part of the Ussin Gishu Platess,
charasterized by s mix of indigenous forest, plantations, grasslands, and agricultural lands. Kaptagat Forest is
 key ccological feature of the region, with a history of conservation and forest management. The area



[image: image98.jpg]experiences a highland equatorial climate, with two ainy seasons (March-May and October-December), and

3. Objectives of the Vegetation Assessmeat

T identify and map the various vectation types within and around the project
+ o document plant species composition, including race, threatened, and endermic species
B e current condition and health of the vegetation

« Toprovide baseline data for f ion changes post-constraction.

+ To recommend mitigation measures for minimizing vegetation loss and ensuring ecological

sustainability
4 Methodology
4.1, Data Collection

A combination of remote sensing. fiterature review, and field surveys were employed for this sssessment

« Satllite Imagery and GIS Mapping:

atellte imagery was used to analyze land cover and map

vevegetation types in the ure below shows the satllite imagery of the land cover

idy area The

Figure i




[image: image99.jpg]eld Surveys: Vegetation surveys were conducted using stratified random sampling. Plots (20m x 20m) were
stablished in forested areas, while smaller plots (Sm x Sm) were used for sampling shrublands and
rassiands. Transects were laid out across the study area to capture variations in vegetation structure and

composition

= Species Identification: Plant species were identified in the field using botanical guides, and species

svere categrized by growth form (trees, shrubs; herbs) and ecological significance.
42, Data Analysis
* Vegetation Types: Classificd using the Braun-Blanquet method.

+ Diversity Indices: The Shannon-Wiener Diversity Index was calculated to assess species ichness and

evenness across different plots

+ Vegetation Heaith: Evaluated through observation of species vitliy, presence of invasive species,
and signs of degradation such as overgrazing or deforestation

5. Results
S.1. Vegetation Types
‘The vegetation within the project area was categarized into the fallowing types-

1 Indigenous Forest (Kaptagat Fores
procers (East African Cedar), and Prunus afiicana (African Cherry). The forest shows signs of

Comprising mainly of Olea affican (Wild Olive), Juniperts

egeneration but is fisgmented due to istorical ogging.

Exotic Plantatio

: Large areas of plantation foresty, particularly Eucalyptus and Pine, hiave been
established in the region as part of commercial forestry operatins
3 Grasslands: Open grasslands and pasturclands dominaied by species such as Cynodon dactslon
(Bermuda grass) and Hyparthenia spp., argely used forlivestock grazing
4. Agricultural Lands; Adjacent 1o the forest and grassland arcas, extensive farmlands are present,
roving maize, wheat, and potatoes, with interspersed hedgerows of Grevilea obusta.
5.2, Species Composition
« Species Richness: A total of 65 plant species were identified, comprising trees, shrubs, and
herbaceous plants
« Dominant Species: The dominant species in the indigenous forest plots were Olea affcana Croton

megalocarpus, and. Juniperus procera, while Bucalyptus spp. and Pinus patals dominated the
‘plantation areas



[image: image100.jpg]* Endemic and Rare Species: No criically endangered specics swere observed. but Prunus africans,
Tisted under CITES Appendis 1 due 1o its medicinal value, was recorded in small numbers within the
ndigenous forest rone

53, Vegetation Condition

 Vorest Health: The indigenous forest arens exhibit modersto health, with somo arcas showing 00d
regeneration of native spesies. However, evidence of previous logsing and grasng pressires was
noted.

= Plantation Areas: Eucalyptus plantations are thriving. but concerns over water use and their impact
on hydrological eyeles were raised durin stakeholder consultations

= Grassiands; These are in waod condition but facé oversrasing pressare from local comimunities

S0, Human and Environmental Pres

= Grasing and Agricol
Koptagat Forest are exerting pressire on ative vegetation

ire: Agriculual expansion and grazics within the buffer zones of ihe

. Forest Encronchment: llegal logging. though reduced, remains a concem in cortain parts of the
forest, affecting species composition and regeneration

6. Potential Impacts of the Proposed Project

e Vegetntion Loss: Sie clewing for the consiuction of the green amionia plant could Jead 1o the oss
of indigenous frees and grassland habitats, pasticularly in bufler mones

45| Babits Fragmentatisn: Cormnscton sciiies may e engment e fres and dosrty ol
| idte conmdoes

<\ Siytcctonicnt Tmpacts Thie 1o’ af waar ia the proect-could.potentinly. aioct the-surrsunding
veicon,pasieutacly i the Kagtagat Forst and s dependentsipaian sysicms
2 Mitgaton Messures

To minimise the wpact of the project an local vesetstion, the follawing mitigation siriegies are
recommended

= Miimire Clearings Limit vegetation clearing 10 the project footprint. leavini surrounding areas

 Reforestation and Afforestation: Support reforestation efforts in arcas adjacent 1o the project sie,
articularly with indizenows species ike Junipens procees and Pruss aficana

+ Buffer Zones: Establish buffer zones between the project st and senitive habrats, incloding the.
Keptagat Fosest



[image: image101.jpg]*  Sustainable Water Use: Implement water conservation measires to reduce the impoct on local water
resources and the dependent vegetation

9/ Monitoring Program: Develop a long e vegetation monitoing program 1 track changes in
species composition, structure, and health post-construction.

8. Conclusion

The Kaptagat arca supports a diverse range of vegetation types, including important indigenous forests
plantations, and agricultual lands. The proposed green ammonia production faclity could have significant
impacts on the local vegetation, especiall in terms of habitat loss and fragmentation, However, with the
mplementation of recommended mitigation measures, these impacts can be minimized, ensuring that the

ecological integeity of the area s preserved.
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Annex 13: Terms of reference

[image: image119.jpg]nerna
NATIONAL ENVIRONMENT MANAGEMENT AUTHORITY
PO Box 67839, 00200

Mobile Lines: 0724-253 398, 0723-363 010, 0735-013 046
Popo Road, Nairobi, Kenya
E-mail: dgnema@nema.goke

Telkom Wireless: 020-2101370, 0202183718
Incident Lines; 0786-101100, 0741-101100
Website: www.nema.go ke

REF: NEMA/TOR/5/2/151 DATE: 29™ July, 2024

The Director

Tarita Green Energy Limited

UASIN GISHU

RE: TERMS OF REFERENCE (TOR) FOR ENVIROMENTAL IMPACT ASSESSMENT
STUDY REPORT FOR THE PROPOSED GREEN FIELD 195MW SOLAR PV PARK
AND 135MW GREEN HYDROGEN ELECTROLYSIS PLANT TO MANUFATURE
40,000 MT/YEAR OF GREEN AMMONIA ANAIBKOI WARD IN UASIN-GISHU

COUNTY.
We acknowledge the receipt of your TOR for the above proposed project.

Pursuant to the Environmental Management and Coordination Act, 1999, the Environmental

(impact Assessment and Audit) Regulations 2003 and Legal notice 31 & 32 of 2019, your terms
of reference for the Environmental Impact Assessment (ELA) for the PROPOSED GREEN
135MW EN_ELECTROLYSIS

FIELD 19

PLANT TO 40,000 OF GREEN AMI ANAIBKOI WARD
IN UASIN-GISHU COUNTY has been approved with the following requirements:
You shall submit ten (10) copies of the study report, upon payment of the applicable EIA
processing and monitoring fees being 0.1% of the total project cost, a soft copy of the
summarised ESMP in WORD format for preparation of public notice and one electronic copy

of the report prepared by the team of experts to the Authority.

‘You are advised to comply accordingly.

EPH

Uj
FOR: DIRECTOR GENERAL




[image: image120.jpg]Key Environmental and Social Issues to be considered in undertaking the
Environmental Impacts Assessment for the proposed greenfield 195MW $olar
PV Park and 135MW Green Hydrogen Electrolysis Plant for manufacturing of
40,000 MT/Year of Green Ammonia in Anaibkoi Ward in Uasin Gishu County

To ensure adequacy and completeness of the ESIA Report, emphasis is made to the following
key components:

1. Inclusive public participation and meaningful stakeholders’ engagement is a critical
step of the ESIA study and hence the need for legal and procedural compliance to this
process.

An agreed Resetilement Policy Framework developed through an inclusive
participation and consultative process of the Project Affected Persons (PAPs).

3. Land use change, identification and protection of Environmentally Sensitive Areas
(ESA) is key with detailed biodiversity baseline assessment and costs and benefits
Analysis for the Land use change.

4. Detailed Hazard and Operability (HAZOP) study and Layer of Protection Analysis
(LOPA) to identify and address potential hazards in hydrogen and ammonia production
industrial processes.

5. Recommended safety distances to the surrounding facilities for the highly flammable
and explosive hydrogen and ammonia production plant and associated storage and
handling facilities.

6. Undertake Climate change risk and vulnerability assessment as per requirements of
Climate Change Act 2016 - with appropriate climate change mitigation and adaptation
measures.

7. Development an integrated Environmental and Social Management Plan (ESMP) that
is inclusive of the hazards and mitigation measures recommended in the HAZOP and
LOPA, Climate change risk and vulnerability assessments.

8. Develop an elaborate chemical emergency response plan.

9. Detailed description of chemical storage and handling procedures.

10. Multi- disciplinary team of experts to include chemical specialist, Occupational health
and safety, green energy specialist, climate change specialist, geologist, hydrologist,

sociologist among others.

Kindly make the necessary arrangements to commence the ELA process.
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Mars Geo Contractors Limited


Geotechnical and Soil Investigations Service Providers


P.O. BOX 10670 – 00400 Nairobi Kenya Cell: 0723292822/0772855177
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[image: image203.png]fic to a meeting on the proposed Greentield
Hydrogen Electrolysis Plant, including a
40,000 metric tonnes per year green ammonia synthesis facility for fertilizer production
at Kibogy's farm, near Chirchir Trading Centre, Uasin Gishu County.
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We encourage the community to contribute their views on the environmental and socia
impacts of this large-scale project.
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