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Abstract 

 

Title of Dissertation Analytical Assessment of Port Energy Efficiency 

and Management: A Case Study of the Kenya Ports 

Authority 

Degree   MSc 

With international shipping accounting for more than 80% of the global trade, Ports 

have evolved into very critical links in the supply chain and are no longer merely 

loading and offloading points. In order to meet the ever-expanding cargo volumes and 

throughput, ports have to invest more on infrastructural expansion, which includes 

more cargo handling facilities, more efficient conveyance systems etc.  

A major handicap for the ports in Africa has been the insufficiency and unreliability 

of electrical power to drive the critical port operations. Although the sub-Saharan 

region nominally has electricity-generating capacity of 68 GW, this is largely 

unavailable due to ageing plants, poor maintenance and inadequate financing for the 

energy sector. This power shortage affects port operations across the African 

continents’ 40,000 km coastline mainly because of heavy reliance on power from 

national grids (mainly sourced from Hydro).  

Ports have to be equipped with standby diesel generators, with negative repercussions 

on operational cost and GHG emissions.  This makes energy a high cost component 

for terminal operators. The growing international pressure, coupled with tighter 

emissions regulations and need to project competitiveness and corporate social 

responsibility with respect to environmental matters has positioned ports to take more 

proactive roles in relation to the environmental impact of their operations. Mombasa 

port is an energy hub, handling huge flow of fossil fuels (crude oil imports), and huge 

consumption of electricity accompanied by negative environmental impacts.  

This thesis is motivated by the need to chart an energy efficiency path for Mombasa 

port that is consistent with growing regulatory pressure and sustainability needs. It 

will approach this subject by engaging in a technical and operational assessment of 

energy management and efficiency measures at the port of Mombasa. 

KEYWORDS: Port Energy Efficiency, GHG Emissions, MARPOL, Renewable 

Energy, Benchmarking, ECOPORTs  
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Chapter 1 

 

 

 

 

1.0 Background. 

With improvements in technology and world trade, the global energy demand has gradually 

swelled, with wide ranging impacts on the environment, and global greenhouse emissions. Along 

with this growth, there has been some negative effects of energy intensive applications, which 

complicate the quest for economic prosperity. “A tradeoff between economic growth and 

sustainable development emerges”. (Ismayilov, 2014) to achieve sustainability, Ports have to 

invest in solutions to the environmental impact of their operations. 

There is a growing trend among ports to implement energy efficiency strategies including “green 

port policy”, Port Environmental Energy Plan (PAEP), ISO energy certification and environment 

friendly energy options. Apart from a few exceptional cases, most ports in Africa seem to be 

lagging behind in this quest. 

Seaports are an integral component of the logistic chain, providing vital link between demand and 

supply. Port environments support business clusters which need significant sources of energy for 

their economic processes. Price volatility of energy resources, regulatory requirements and 

environmental concerns are major drivers for “the shift towards better management, improved 

efficiency and consumption of less energy in ports”. (Ilkka Hippinen, 2014). 

The global push for energy efficiency in Ports is spearheaded by the International Maritime 

Organization (IMO) through (MARPOL Annex VI chapter 4). Generally, ports handle huge 

volumes of crude oil in the form of imports or exports. Due to this, port environments are 

susceptible to heavy pollution both from CO2 and GHG emissions. In the case of the European 

Commission (EC), approximately 40% of all commodities handled are sources of energy making 

the European ports important industry clusters representing prominent energy users. (Boile, 2015)  
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The United Nations Conference on Trade and Development (UNCTAD) projects that, “Africa and 

Asia are expected to see the sharpest increase in emissions due to the strong port traffic growth 

and limited mitigation measures. However, legislation by governments in Africa and increasing 

global pressures on countries to espouse Green Port status could continue shaping investment 

decisions by port operators in the continent in the long term.” (Fairplay, 2016)  

Whereas energy consumption in port terminals is a significant overhead for terminal operators, its 

cost and associated emissions are largely viewed as a fixed overhead, which the terminal manager 

has little control over. For instance in Mombasa Port, 100% of the energy supply is from the 

national grid. The current power demand stands at about 4.5 Mega Watts. This is inadequate, 

ineffective and subject to frequent power outages. The resulting stoppage of virtually all Port 

operations represents a cost which the Authority has no control over. A case in point was reported 

on 7th October 2013.  The Kenya Ports Authority (KPA) once reported losses of over $800,000 

after a three-day blackout, which rendered the cranes motionless for over 75 hours and no cargo, 

was loaded or off-loaded from container vessels. (Port Technology Organization, 2013). 

With the implementation of Energy Management Programs, these costs and emissions can be 

minimized. According to various studies, “an initial reduction of 10 percent in energy cost and 

emissions is typical with minimal capital investment, plus payback in less than two years and more 

than 15 percent Return On Investment (ROI)”, (Boile, 2015). Such margin of reduction is 

consistent with the Port management aspirations. 

KPA is finalizing a Green Port policy with the support of  the United Kingdom’s Department of 

International Development (DFID) and Trademark East Africa (TMEA), at a budget estimated at 

USD34 million. Through this project, KPA targets the operationalization of measures that will 

lead to reductions in electricity and fuel consumption by vessels, trucks, and port equipment by 

2020. The Green Port Policy will make it mandatory for all ships destined for the Mombasa Port  

to use clean energy and ensure only new technologies and equipment that are either electric-

powered or use clean fuel operate at the port. Currently, the port uses diesel-powered generators 

for emergency power supply during temporary disruption of electricity from Kenya’s 2,177 MW 

national grids. 
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KPA is also keenly exploring measures that will improve efficiency and specifically lead to a 

reduction in its annual electricity budgets. This thesis explores the options available towards 

achieving this objective both from technical and operational perspectives. 

1.1 Problem Statement 

Electrical power to the Mombasa Port facility is supplied from two sub-stations connected to the 

National Power Grid. Typical port operations where the bulk of this power is utilized include: 

powering cranes, fixed equipment such as reefers, port lighting, office lighting and air 

conditioning. Despite measures undertaken to improve operational efficiency, the expected 

outcome in terms of reductions in energy consumption and electricity power bills has not been 

realized. The Port Management in Mombasa (KPA) monitors electricity consumed through the 

monthly bills with no sub-meters installed to enable verification and calculation of specific energy 

drawn by the various port sections. This makes it hard to focus energy efficiency efforts for 

maximum socio-economic benefits. 

In 2013 total consumption as determined by the Utility Company was 12,750 MWh. These figures 

have remained high despite measures already instituted to improve energy efficiency and reduce 

consumption at the port. Therefore this thesis represents an attempt to find a solution to this opaque 

billing system, by benchmarking with other energy efficient ports, and recommending operational 

measures to improve efficiency and transparency in regard to energy demand and supply at the 

Mombasa Port. 

1.2 Research Objectives. 

KPA depends entirely on the national grid for electricity supply to the Mombasa Port, and other 

ports owned by the authority. The main area of the port’s electricity consumption is ship-to-shore 

gantries, Rail Mounted Gantries operations   and other port cargo handling equipment, lighting of 

yards and buildings.  

 The port conducted an analysis of the year of build of the vessels that visited the Port in 2013, and 

the findings were that more than 50% of the vessels were over 15 years old. Generally, most ships 

calling at the Mombasa Port are aged and have inefficient auxiliary engines. The consequence is 

more fuel consumption, additional GHG emission and higher than necessary noise levels within 

the port area. The situation therefore calls for urgent exploration of options for renewable energy 

sources. According to a consultant’s report, “The initial focus can be providing green power to all 
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workshops and the lighting of roads and yards. This will enhance visibility for 24/7 work, improve 

security, and reduce carbon emissions”. (KPA Consultant’s Report).  

This thesis seeks to analyze energy consumption at Mombasa Port. The improved understanding 

of the port’s energy consumption which results from this study, will assist the port’s management 

in implementing measures and focusing resources on policies and energy efficiency procedures 

that guarantee positive results. To attain this overall goal, the following objectives will form the 

basis of this thesis: 

1. Analysis of sectorial energy consumption at the Mombasa Port, with a view to identifying 

the scope for improvement of efficiency. 

2. Comparison of energy consumption data with similar data obtained from energy efficient 

Ports, which will assist in charting the path towards a lean and efficient energy management 

strategy. 

3. Analysis of policies, technologies and sustainability measures at the port of Mombasa, vis a 

vis measures pursued by some benchmarked energy efficient Ports with a view to making 

recommendations to the management of Mombasa Port. 

1.3 Research Questions 

The main aim of this research work is to carry out an analytical assessment on the Energy Profile 

of the Mombasa Port, identify gaps in energy efficiency and make recommendation for 

improvement. The following research questions will be addressed: 

(1) What is the energy consumption profile of the port of Mombasa? 

(2) Based on the current distribution and consumption patterns of this energy, are there measures 

that can improve energy efficiency? 

(3) How can the Port Management incorporate “energy efficiency and management” into the 

Port’s corporate Policy? 

 



5 
 

1.4 Methodology. 

To respond to these research questions and set the stage for this research task, information and 

data was retrieved from a number of sources. Mombasa Port is the main subject of research, but 

for purposes of an objective appraisal, energy data of the ports of Genoa (Italy), Gothenburg 

(Sweden) and Durban (South Africa) were perused, to establish the correlation between the various 

port functions with regard to energy consumption. Information on cost data, technical and energy 

performance of each port considered in this thesis were obtained from journals, books, articles, 

periodicals and reports. Such sources include KPA’s Annual Reports, World Energy Council 

Journals, International Maritime Organization (IMO), International Renewable Energy 

Association (IRENA), Lloyds List, European Seaports Organization (ESPO), reports, International 

Energy Agency (IEA) reports and European Commission (EC) directives on energy.  For accuracy 

of analysis and projection of sectorial energy consumption, a complete sample of metered 

electricity bills was collected from the Mombasa Port over a period of two years.  

This research task is tackled via a three-pronged approach. Firstly, the regulatory framework 

relating to energy efficiency in ports is carefully analyzed with a view to ascertaining the impact 

of emerging international, regional and national regulations on the short, mid, and long-term 

sustainability of the port. Secondly, the energy profile of the port is analyzed to establish gaps and 

potential areas for improvement. This is done through a benchmarking process with the ports of 

Genoa, Gothenburg and Durban (South Africa). This leads to a big picture overview with regard 

to energy management, helping the researcher to draw innovative recommendations on 

consumption, planning and management for consideration by Kenya Ports Authority.  

1.5  Thesis outline 

Chapter one of the dissertation will contain the highlights of the problem, objectives of the study, 

methods to address the problem, and research scope. Chapter two is an extensive literature review 

exploring on the energy efficiency, energy planning, energy management and environmental 

impacts in ports.   

In chapter three, the Legal frameworks related to Energy Efficiency in maritime sector are 

discussed.at International, regional, national and local levels for energy efficiency in the Port. 

Chapter four explores the benefits of energy efficiency concept based on the benchmarked ports.  
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Chapter five is case study application on port energy efficiency and management at the Mombasa 

port.  

Chapter six is the two main analysis- gap analysis and benchmarking analysis. Finally, chapter 

seven contains conclusions from the study and specific recommendations applicable to Mombasa 

Port.  

1.6 Research Limitations. 

This dissertation will encompass environmental, human factors, regulatory frameworks and 

technological concepts related energy efficiency. The system boundary in the context of the 

dissertation will be the port infrastructure, ships at berth as well as those within the port approach 

(awaiting berthing space/ instruction). The port cluster will be construed to extend to port induced, 

port related and port attracted business clusters. The human operational aspects with the regards 

to energy efficiency and management will constitute the major focus of this dissertation 
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CHAPTER 2 

 

 

 

 

2.0 Literature Review. 

This section reviews some previous studies undertaken in relation to energy management and 

efficiency improvement in ports. This thesis focuses more on measures necessary to improve 

energy efficiency, with attendant benefits in energy cost savings and GHG emissions reduction. 

In recent times, green and sustainability issues have become “increasingly part of port agendas.” 

(M. Adams, 2009). According to Burns & McDonnell Engineering Company, Inc. Brea, 

California, 2014: “Energy is a fundamental part of society. Some of the biggest challenges facing 

the nation, such as security and climate change, revolve around the efficient and innovative use of 

energy. Likewise, energy is critical to the current and future security and prosperity of the Port. 

With the gradual move away from fossil fuel-based terminal operations, the Port is going to 

increasingly rely on electricity to move goods.” (Burns & McDonnell Engineering Company, Inc. 

Brea, California, 2014). 

Studies undertaken on Port energy management have tended to mainly focus on Port energy 

efficiency, alternative fuels and environmental impact of port operations. 

ESPO / EcoPorts surveys carried out in the last 15 years, identified the main environmental 

priorities of European ports as ;( 1) air quality management, (2) waste management, (3) noise 

management, (4) water management (both consumption and quantity) and (5) energy conservation 

and climate change. These priorities issues have been continuously identified hence made the 

European ports to address them by demonstrating pro-activeness and self-regulation in practical 

terms. This is further demonstrated in Table 1 in chapter 4. (ESPO , 2012.) 

Acciaro et al, 2014 examined energy management in seaports and presented new insights into the 

evolving roles for Port Authorities, as they position themselves for more direct and enabling roles 

in the supply chain. He also considered environmental sustainability in seaports as a basis for 

successful innovation in maritime policy and management. In their view: “Environmental 

sustainability in the port industry is of growing concern for port authorities, policy makers, port 
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users and local communities. Innovation can provide a solution to the main environmental issues, 

but often meets resistance” (Acciaro et al, 2014).  

Boile et al, 2015 extensively explored the issues and challenges surrounding the development of a 

port energy management plan and raised important prospects in relation to this goal. They 

concluded that energy consumption is a major overhead cost in ports, which can be reduced 

significantly in many cases with minimal capital investment. This finding underscores the fact that 

investment in energy efficiency involves a trade off in various competing resource end-uses.  

Matulka et al, 2013 assessed key elements relating to the building of resilience centered on the 

benefits of energy security investment in San Pedro Bay Ports, and noted that: “As our national 

and regional economies have become more reliant on the Ports to facilitate commerce, the Ports 

are becoming more reliant on electricity to operate.” (R. Matulka, 2013) 

Environmental impact is a major challenge resulting from port operations.  

Adams et al, 2009, explored the environmental issues in ports’ competitiveness. In his assessment: 

“ports must comply with their applicable environmental laws and regulations in order to avoid 

enforcement actions by the responsible government agencies. Societal pressures act towards that 

direction as well motivating ‘greening’ initiatives further.” (M. Adams, 2009). 

In another study conducted by Chang, 2013, labor, capital, and energy were deemed as inputs to 

the port sector, while cargo and vessel tonnage handled as desirable outputs. CO2 emission was 

deemed an undesirable output. It was collected and measured. The SBM-DEA model was able to 

yield a more effective trade-off between economic performance and environmental performance 

and was also able to capture slack values of input excess and undesirable output excess (CO2) as 

well as desirable output shortage. Based on this model, the study concluded that: “Korean ports 

were economically inefficient, but environmentally efficient when considering economic and 

environmental performances simultaneously.” (Chang, 2013). This emphasizes the fact that energy 

planning involves a trade-off between various competing end-uses. 

The United States Environmental Protection Agency (U. S. EPA) in an information document for 

developing and implementing emission reduction program, 2011 proposed a resourceful guide for 

ensuring successful employment of strategies towards GHG reduction. All these insightful reports 

and publications provide practical gauge for the analysis of the energy consumption and 
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management scenario at the port of Mombasa from operational, technical as well as the existing 

regulatory framework. Whereas energy sustainability and cost are key drivers for port energy 

efficiency initiatives, available studies and literature do not shed enough light, especially with 

ports in developing countries, where pollutants are becoming a key feature in port operations. 

The subject of pollutants within the port environment continues to draw concern from various 

international, regional and national quarters. While considering the topic of energy efficiency in 

port environments; assessment of the pollutants resulting from port activities becomes imperative.  

IMO has delivered a raft of recommendations through a series of GHG Studies. The IMO 2nd GHG 

Study identifies the following pollutants, deemed phenomenal to port environments, and directly 

associated with port operations: NOx, SOx, PM, VOC and to a lesser extent CO and CO2. 

Controlling NOx, PM and SOx is a key objective for most national and regional regulatory 

agencies. Whereas most ports are becoming increasingly concerned over GHG emissions, health 

concerns are more prioritized. Not all CO2 control measures deliver reductions in NOx and PM 

and therefore for each port area, control strategies depend on individual Port Management’s stated 

goals. 

Oxides of Nitrogen (NOx) cause environmental effects, which include acid rain, nutrient overload 

in water bodies and visibility impairment when combined with atmospheric particles. Health 

effects associated with NOx include inflammation in the respiratory system leading to coughing, 

chocking and reduced lung capacity over long period of exposure.  

Particulate Matter (PM) cause acute respiratory stress and a range of chronic illnesses from long-

term exposure. Several health authorities including the World Health Organization’s (WHO) and 

International Agency for Research on Cancer (IARC) have listed PM that specifically comes from 

diesel engines (i.e. DPM) as a “toxic air contaminant” indicating it has specific and demonstrated 

carcinogenic effects. 

On the other hand, Sulphur oxides (SOx) describes the family of sulphur oxide gases that includes 

sulphur dioxide (SO2), sulphur trioxide (SO3) and sulphate (SO4). When fuel-containing sulphur 

is burned, SOx gases are produced. Despite regulations on fuel sulphur content around the world, 

SOx emissions from ships and land-based equipment remain a significant challenge. Health effects 

include the resulting chain effect, when PM is generated in the combustion exhaust stream. PM 
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generated from SOx is harmful both as a physical lung irritant and for its chemical characteristics, 

making it particularly harmful to people with respiratory ailments such as asthma and chronic 

obstructive pulmonary disease. In addition to health effects, SOx in the atmosphere can create 

significant aerosols that impair visibility and formation of acid rain.  

Generally, port stakeholders are more concerned with pollutants that have immediate and localized 

impacts. NOx, PM and SOx are the most critical pollutants affecting air quality around port areas. 

Ozone and PM are the two most common drivers of air quality initiatives worldwide and stand at 

the core of Port Authorities’ efforts to reduce emissions. Past studies show that, depending on 

geographic and meteorological conditions, emissions generated hundreds of miles out at sea can 

reach and affect shore-based populations. This translates to a very large footprint, rendering 

emissions a major concern in IMO’s Pollution Prevention agenda (as outlined in MARPOL Annex 

VI, Chapter 4). Pollutants emitted near the shore within the port area, have an even higher potential 

for negative effects. 

Another major area of focus at IMO, and among port operators has been the optimization of 

terminal operations with a view to reducing at berth time. Improved terminal efficiency leads to 

reductions in ship at-berth times and hence overall at-berth emissions. Efficiency improvements 

could include newer, more efficient quay cranes, streamlining administrative delays, elimination 

of terminal landside bottlenecks, improved ship positioning considerations, automated mooring 

systems, terminal automation, and overall efficiency improvements.  

Automated Mooring Systems, (mooted in late 1990s) as efficiency improvement and emissions 

abatement measures, have been quite effective. Based on IMO’s projections, ships employing 

automated mooring systems save up to 1.5 hours from the mooring process, thus reducing the 

resultant emission. The systems are remote-controlled vacuum pads, recessed or mounted to the 

quayside and attached to hydraulic actuated arms, which extend, attach and moor a ship under a 

minute. The systems can be designed to handle all ship sizes. They enable faster ship-turnaround 

times, speed up disembarking of passengers and crew, and reduce wear and tear on ship winches, 

hull and plating. 

IMO has commissioned several studies that deal with a range of topics on ship-port interface. IMO 

Document MEPC 68/INF 16 (March, 2015) provides a broad summary of three areas in which 

measures applied at the ship-port interface can lead to good improvements: (1) equipment 
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measures which incorporate engine technologies, (2) energy measures- which involve the 

application of alternative fuels and sources of power (for instance solar and wind). The third 

category involves operational measures, which aim to minimize ship’s idle time in ports by 

eliminating delays, The ship port time levels is important because typically, ships spend at least 

25% of their lifecycle in ports (IMO, 2015). 
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CHAPTER 3 

 

 

 

 

3.0 Port Energy Efficiency Regulations.  

According to the International Energy Agency (IEA), Energy Efficiency (EE) governance is 

defined as: “the combination of legislative frameworks and funding mechanisms, institutional 

arrangements, and co-ordination mechanisms that work together to support the implementation of 

EE strategies, policies and programs” (IEA, 2012: 14). 

The effectiveness of energy efficiency policies depends on several factors and varies greatly with 

country contexts. According to the recommendations by the International Energy Agency (IEA) 

factors like enabling frameworks, institutional arrangements and coordination mechanisms are key 

pillars in EE policies. 

3.1 International legal frameworks. 

European Union (EU)  

EU’s energy policies are motivated by the need to secure energy supply and combating climate 

change. The EU has created an ambitious energy strategy extending to the year 2020, aimed at 

mitigating emissions of greenhouse gases by 20% (compared to 1990 levels), to increase the share 

of renewable energies to 20% of final energy consumption, and to increase energy efficiency by 

20%. 

The European Seaport Organization (ESPO) Port Environmental Review 2013, identified the most 

significant environmental issues for EU ports through a survey which highlighted the progress that 

has been achieved over the years. 79 ports from 216 European Maritime States participated in the 

survey. ESPO and EcoPorts have been monitoring the top environmental priorities of the European 

port sector since 1996 through regular respective surveys. Surveys were conducted in 1996, 2004 

and 2009. With changing global realities, interest in environmental issues has increased and this 

has been accompanied by evolving priorities. Politics has played a major role, with most 

environmental priorities reflecting political drivers.  
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Most EcoPorts member countries have in place legislative documents complying with the EU 

directives on energy efficiency (Directive 2006/32/CE), but the majority of them do not apply an 

energy consumption monitoring system in ports operation. A major challenge has been the 

fragmented nature of the relevant legislation in some member countries, including Bulgaria, Italy, 

Greece and Romania. This underscores the need for more detailed regulations and monitoring 

techniques to be developed and applied for a successful energy monitoring scheme. 

The main EU legislative and Standardization documents on energy efficiency are: 

1. The Directive 2006/32/CE on energy end-use efficiency and energy services repealing 

Directive 93/76/CEE” (IMO, 2015)  

2. International Standard for Energy Management ISO 50001:2011 (based on the BS EN 

16001 - Energy Management Systems). 

The Directives provides guidance on implementing the processes necessary to evaluate the 

baseline energy usage, instituting action plans, targets and energy performance indicators for 

reducing consumption as well as identifying and prioritizing opportunities for improving energy 

performance.  

MARPOL Annex VI – Regulations for the Prevention of Air Pollution from Ships. 

MARPOL Annex VI Chapter IV- Regulations on Energy Efficiency -IMO regulations on NOx and 

SOx reduction targets ship operators, and likewise for the EU’s legislation on the use of low 

sulphur fuel (LSF) for ships at berth. There are also some regulations that (in) directly affect ports 

and terminals: – The EU air quality legislation (Directive 2008/50) requires EU countries to meet 

certain air quality standards. The relevance for ports is that, depending on the local situation, they 

can only develop expansion projects if the local air quality limits are met and mitigation measures 

to compensate for a project’s additional emissions are implemented.  

The International Maritime Organization (IMO) has been the leading light in regards to global 

regulations to minimize the negative impact of shipping on the environment, which resulted in 

MARPOL 73/78 (The International Convention for the Prevention of Pollution from Ships) and 

its six annexes that govern the shipping industry’s environmental performance. Despite the global 

stewardship provided by the IMO, the EU and Baltic Sea Region (BSR) countries have developed 
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policy frameworks at their own pace, often being ahead of the global environmental regulations 

for shipping. Since the early 1970s the BSR countries have undertaken joint efforts aiming at 

stopping the deterioration of the Baltic. This resulted in the signing of the Convention of the 

Protection on the Marine environment of the Baltic Sea Area, also known as the Helsinki 

Convention. The Helsinki Commission (HELCOM) as a governing body plays an important role 

in the Baltic’s protection, and has actualized significant environmental improvements in many 

areas. In order to further stimulate the work towards a cleaner Baltic, the HELCOM Baltic Sea 

Action Plan was adopted in 2007. Its aim is to restore the good ecological condition of the Baltic 

marine environment by 2021. Subsequently, in October 2009, the EU Strategy for the Baltic Sea 

(EUSBSR) was adopted by the European Council to address “the urgent environmental challenges 

arising from the increasingly visible degradation of the Baltic Sea,” being the first EU macro-

regional strategy. One of its policy areas is for the BSR “to become a model region for clean 

shipping,” coordinated by the Danish Maritime Authority. 

Reducing air emissions from shipping has been a hot topic in the maritime industry over the last 

decade. A discussion took place within the context where emission and fuel standards for 

international shipping lag behind those of land-based transport modes. Indeed, a wide range of 

regulatory measures has been adopted in recent years to curb air pollution from land-based sources, 

whereas shipping emissions remained untouched.  

3.2 Regional Agreements and Strategies. 

With growing awareness of the need to protect environment, regional trade agreements now tend 

to incorporate objectives and mechanisms to reduce emissions. Many have potential implications 

for maritime energy efficiency. There are a number of regional cooperation on the research for, 

development and demonstration of low-carbon energy technologies and development of policy 

frameworks to promote deployment of low carbon technologies  

Examples of such Regional initiatives include Italy - Regional Law n.31 of October 21, 2008 

concerning “rules about renewable energy sources, and for pulled releases’ reduction and about 

environment”; Legislative Decree n.115 of May 30, 2008 “Implementation of Directive 

2006/32/CE on energy end-use efficiency and energy services repealing Directive 93/76/CEE”;  
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Although Ports authorities and terminal operators are important drivers for reduction of emissions 

at the ship-port interface, they are in many cases not the stakeholder directly affected by the 

regulation, nor responsible for implementation of the technical measures.  
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CHAPTER 4 

 

 

 

 

4.0 Overview of Ports Energy Efficiency  

The updating of the top ten environmental priorities has been a regular exercise for Ports sectors 

because it indicates the current issues at stake within ports sector.  

According to available literature and as reaffirmed in the EcoPorts survey report, Table 1 below, 

highlight the top ten environmental priorities issues for 2009 with the comparisons done on the 

same survey in 1996 and 2004 and the variations over that time is shown . In general observations, 

environmental issues that appears consistently over time are plotted with the same colour. Air 

quality remain to be the main priorities while energy consumption in ports is surpassing other 

environment priorities such as noise , relationship with community, port development and water 

quality. It is obvious that a lot of emphasis is now given to energy consumption hence growing 

awareness of the component that contribute to GHG emission and the climate change.  

Table 1: Evolution of Top Ten Environmental Priorities overtime (1996-2019). Source- 

ESPO/EcoPorts Port environmental Review 2016.  

 1996 2004 2009 2013 2016 2019? 

1 Port 

Development 

(Water) 

Garbage / 

Port Waste 

Noise Air quality Air quality Energy 

consumption 

2 Water quality 

 

Dredging 

Operations 

Air quality Garbage / 

Port Waste 

Energy 

consumption 

 

3 Dredging 

disposal 

Dredging 

disposal 

Garbage / 

Port Waste 

Energy 

consumption  

 

Noise  
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4 Dredging 

Operations 

Dust Dredging 

Operations 

Noise Relationship 

with 

community 

 

5 Dust Noise Dredging 

disposal 

Ship waste Garbage / 

Port Waste 

 

6 Port 

Development 

(Land) 

Air quality Relationship 

with local 

community 

Relationship 

with 

community 

Ship waste  

7 Contaminated 

Land 

Hazardous 

cargo 

Energy 

consumption 

      

Dredging 

Operations 

Port 

Development 

(Land) 

 

8 Habitat loss / 

degradation 

Bunkering Dust Dust Water 

quality 

 

9 Traffic 

volume 

Port 

Development 

(Land) 

Port 

Development 

(water) 

Port 

Development 

(Land) 

Dust  

10 Industrial 

effluent 

Ship 

discharge 

(bilge) 

Port 

Development 

(Land) 

Water 

quality 

Dredging 

Operations 

 

. 

4.1 Port Energy Management Strategy. 

Energy Management strategy is a long-term undertaking intended to deliver more energy savings 

whilst focusing on continuous improvement. A good Energy management Strategy requires 

studies, research, programs and projects to improve overall power profile of Port operations in a 

manner that is protective of the natural environment and the Port’s continued economic viability 

and national competitiveness. According to Burns & McDonnell Engineering Company, 2014, the 

process of implementing the Energy Management Action Plan (EMAP) begins with the 

development of Organizational foundation, followed by establishment of partnerships 

(collaboration and outreach). It also requires the carrying out of surveys and studies that contribute 

to the development of an Energy Master Plan, while prioritizing programs and projects that 

enhance the Port’s five Energy Pillars. The above explained steps are illustrated in figure 1 below. 
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Figure 1: Overview of Energy Management Strategy. Source-Port of Los Angeles, 2014. 

This approach has been broadly and successfully applied in a number of Ports. According to Boile 

et al, 2015 “ports are starting to develop Energy Management Plans (EnMPs), either at a port 

authority or at a terminal operator level, as part of their overall “green” port policy.” (Boile et al, 

2015). Green Port Policy is a concept that is redefining energy Management in Ports. 

Acciaro et al, 2016 also note in the analysis of the Port of Hamburg (Germany) that: “Hamburg, 

in addition to being one of the major European Ports, has been particularly proactive in terms of 

energy efficiency and the promotion of energy management .” (Acciaro, Ghiara, & M. I.Cusano, 

2014). Therefore, the Port of Hamburg provides an ideal case for benchmarking. 

The Port of Los Angeles also commissioned an ambitious Energy Management Action Plan in 

2013. According to the Port’s officials, “The E-MAP would serve as the Port’s blueprint to 

identify, develop and implement various programs to improve energy efficiency, reliability, 

quality, cost and resiliency while keeping up with the accelerating electrification and energy 

demand at the Port”. (Port of Los Angeles, City of Los Angeles, 2013). 

4.1.1 Port Energy Management Objectives and Goals. 

From available literature, a port strategic plan, energy management objectives and goals should be 

built on five pillars: Resilience (ability of a port to sustain its business continuity during a power 

outage and resume operations after a catastrophic event). Availability ( access to energy sources 

that are required in order to meet present and future power demand of port operations through 

energy generation, transmission and distribution).  Reliability (availability of high quality and 

1. Organizational Foundation 

 

2. Collaboration & Outreach 

3. Energy Master Plan Studies 

4. Implementation Actions 
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consistent energy able to meet predicted peaks in demand). Efficiency (reductions in energy 

demand through management practices and technologies that maximize operational productivity 

and cost effectiveness) and Sustainability (integration of energy management practices and 

renewable power generation to minimize the depletion of natural resources thus providing 

economic, social and environmental benefits).  

4.1.2 Developing an Energy Management Plan 

A number of steps are involved in the development of an energy management plan. These are 

illustrated in figure 2 below. All the stages in the process are arranged in a structured approach 

that contributes to the attainment of Energy Management Goals. 

 

 

 

 

 

 

 

 

 

 

Figure 2: Structural representation of process of developing port Energy Management plan. 

Source-Boile et.al, 2015. 

In a nutshell, this incorporate the following activities: Energy Management vision, objectives and 

Goals –which involves setting of targets Energy Policies, Regulations and standards; which is 

applied at four levels that is International level (for examples MARPOL), National level, Regional 

level (European Union (EU) and Helsinki Commission- HELCOM) and at Port Level (Baltic Port 

Organizations (BPO) and European Sea Ports Organization (ESPO)).  

Energy 

Re-Engineering 

Focus Group 

Meetings 

Energy Mapping 
Gap Analysis 

(Energy Audit) 

Calculation 

Reporting 

Management 

Energy Management 

Plan 

Preliminary 

Findings / 

 

Key performance Indicators 

Benchmarking 
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A Summary of main energy consumption data -by type of energy e.g. electricity or fuels 

Energy needs and potential measures for improvements- focused round the main port energy 

consumers. Selection of criterial for energy improving measures and selection of measures to be 

adopted- taking into account the timeframe, CO2 emission reduction, total cost, cost effectiveness, 

technical feasibility, implementability, measurable result, co-benefits, funding opportunities and 

enforceability. Timeline and responsibilities for plan adoption and implementation- for all relevant 

stakeholders. 

After establishing the organizational foundation, engaging stakeholders input and agreeing on an 

energy management master plan, the next step is the development of a Plan of Action- which 

basically informs implementation and timeframe. Effective implementation of the energy Action 

Plan steps requires the enumeration of the proposed activities in terms of short term (0-1 year), 

medium term (1- 2 years); long term ( over 2 years). 

4.2 Port Energy Performance Tracking. 

The main objectives of undertaking Energy Performance Tracking are to enable initiation of   

sound operation, to be able to verify energy cost savings projects and to indicate additional savings 

which leads to positive environmental impact (GHG emission reduction).  

For effective implementation of energy efficiency measures, there have to be detailed tracking of 

energy consumptions sources and energy demand. Consequently, Ports and terminals within 

maritime sector should be able to account for energy used in their operations. This therefore calls 

for a set of measuring and reporting procedures to be aligned with the energy performance tracking 

systems. 

The main steps of carrying out  energy performance tracking process include; use of information 

to detect problems in the systems- (e.g. data loggers, meters, and voltage / power analyzer), 

diagnose problem and identify solutions, action that is fixing the problems and see results and 

finally monitor and track the energy use.  

Energy performance tracking is a continuous process as depicted in figure 3 below 
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Figure 3: Energy Performance Tracking Process. Source-Portland Energy Conservation, 2010. 
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CHAPTER 5 

 

 

 

 

5.0 Case Study of Kenya Ports Authority 

5.1 Kenya Energy sector. 

Management of the Energy Sector in Kenya is undertaken by a number of government entities 

which all work under the Ministry of Energy and Petroleum (MoEP).  The four directorates under 

MoEP are- Petroleum, Electrical Power, Renewable Energy and Geo-exploration, (Sustainable 

Energy for All (Se4all), 2016). 

Although the Energy Sector is dominated by the public players (Government Bodies), there are a 

few Independent Power Producers (IPP), who are involved in the generation of electricity. The 

Ministry of Energy and Petroleum has the overall responsibility for Management of Energy Sector 

as well as in facilitating provision of energy in Kenya. The Energy Regulatory Commission (ERC) 

is a public company established under the Energy Act 2006 with the following core functions: 

Regulating electrical energy, petroleum and related products, renewable energy and other forms 

of energy, Protecting consumers, investors and stakeholders’ interests, maintaining the national 

register of accredited energy auditors and ensuring fair competition amongst the industry players. 

In the Electricity Generation sub-sectors, the two main players are the Kenya Electricity 

Generating Company (KENGEN) and the Independent Power Producers (IPPs). 

Power Transmission is exclusively undertaken by Kenya Power and Lighting Company (KPLC) 

while Kenya Electricity Transmission Company (KETRACO), another government body is solely 

responsible for transmission on Grid above 132 KVA. Kenya Power and Lighting Company 

(KPLC) is solely responsible for power distribution to end users. The hierarchy of the Kenya 

energy sector is clearly shown in figure 4 .The figure shows all the respective bodies involved in 

the power generation that is from the ministerial level to local end users. The ministry of energy 

is the overall head of the sector. 
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Figure 4: Hierarchy of Kenya Energy Sector. Source-Business Sweden 

Kenya’s Energy Mix. 

According to ERC Kenya currently has an installed electricity generation capacity of 2,299MW 

comprising: hydro 821MW, thermal 827MW, geothermal 598MW, co-generation 26MW, and 

Solar 0.57MW   as from June 2015. Currently up to 50% of Kenya Electricity is derived from 

Hydro sources, while Geothermal accounts for 14%. Based on the country’s Energy projection for 

2030, the contribution from hydro sources is expected to fall significantly, as gradual replacement 

with renewable sources continues. 
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Energy Regulatory Framework in Kenya. 

The Energy sector legal framework is established in the following three documents: The Energy 

Act of 2006, which provides framework for climate change alleviation and implementation of 

energy policy; the Kenya’s Energy Policy of 2004, which lays the foundation for the current energy 

policy and the Feed-in Tariffs policy of 2008 (Revised in 2012), which encourages electricity 

generation through renewable sources. 

In 2010, the country adopted a new constitution, (Constitution of Kenya, 2010) which among many 

other key areas, acknowledged the importance of sustainability in energy and therefore 

recommended a number of policies aimed at stimulating the uptake of alternative fuels and 

renewable energy options. The Ministry of energy takes a lead role on energy policy matters. 

Development and Implementation of these various energy regulations is shared among a number 

of government regulatory entities.  

5.2 Overview of Kenya Ports Authority. 

Kenya Ports Authority (KPA) is a statutory body established by an Act of Parliament on the 20th 

January, 1978 operating under the ministry of transport and infrastructure of the government of 

Kenya. The Authority’s core mandate is the management and operation of the Mombasa Port and 

other smaller seaports, the inland container depots in Nairobi and Kisumu, with Liaison offices in 

Kigali and Kampala that cater for transit countries. 

The core business of the Kenya Ports Authority is to provide Marine services, which includes: 

Towage, Dry docking, Pilotage, Maintenance of the channel and turning basin; as well as 

Navigation aids, Stevedoring and shore handling services covering cargo handling services both 

for containers, general cargo, dry bulk and bulk liquids, and reception of the vessels. 

The Port is located at 04°04'13.0"S and 39°39'52.0"E along Kilindini harbor which is a natural 

harbor extending over 7 nautical miles in length, and 300 m width with a maximum depth of 15m. 

KPA is a Public Service Port with staff population of around 5,000. It is bounded by a historical 

Mombasa City and serves an extensive hinterland that extends to Uganda, Rwanda and South 

Sudan. It is actually the main Port in the Eastern coast of Africa. 

According to the Port’s 2015 annual report, 26.732 million tons of cargo was handled, made up of 

Containerized Cargo (10,276,000 DWT)-38.44%, Conventional Cargo (2,256,000 DWT)-8.44%, 



25 
 

Dry Bulk (6,928,000 DWT)-25.92% and Liquid Bulk (7,272,000 DWT)-27.20%. (Kenya Ports 

Authority, 2015). Imports increased by 9.2 per cent, from 20.777 million tons in 2015 to 22.680 

million tons in 2015. Exports also registered an increase of 5.0 per cent, from 3.366 million tons 

in 2014 to 3,534 million tons in 2015. In 2015, a total throughput handled stood at 26.73 million 

tons and container traffic at 1,076, 118 TEUs, while the bulk of imports consist of 22. 680 million 

tons and exports 3,534 million tons. 

Mombasa Port Berths Allocation. 

The Mombasa Port has a sheltered deep, natural harbor over a terrestrial area extending over 7 ha 

and berthing area comprising a total of 22 berths (See figure 5). The berths are numbered from 1 

to 21. The berth allocation is done by commodity types as shown in Table 2 below. 

Table 2: Mombasa Port Berths Allocation by Commodity Type. Source-KPA 

Commodity Berths 

Motorcars No.1, 3, 4, 5,7, 9,10, 11, 12, 13, 14  

Steel No.1, 3, 4, 5, 7, 8, 9, 10, 11    

Container No.1, 3, 4, 5, 7, 8, 9, 10, 11, 13, 14, 16-

19, 20-22 

Bulk Wheat No. 3 

Bulk Clinker Mbaraki, No.7, 9, 10 

Bulk Fertilizer No.1, 5, 7, 9, 10, 11 

Bulk Coal Mbaraki, No.9, 10, 11  

Other Liquid 

Bulk  

Mbaraki, No.8, 9, 10  

 

Construction of passenger terminal at a cost of US $ 3.5 million was launched in December 2016 

and is projected to handle a capacity of 140,000 passengers upon completion. The port has over 

the years registered significant growth in traffic volumes, with the total annual cargo throughput 

increasing by 6.9% and container traffic growing by 9.3% on average in the last decade. To serve 

the growing traffic, KPA and its development partners have been implementing various projects 

aimed at improving the port’s efficiency and capacity. KPA’s strategic direction is guided by her 

vision “World class seaports of choice”. The mission is to “To facilitate and promote global 

maritime trade through the provision of competitive port services”.  



26 
 

 

Figure 5: Overview of Mombasa Port. Source- KPA 

5.3 Energy Profile of Mombasa Port 

The main sources of Power at the Mombasa Port are electricity and automotive diesel. The 

Authority’s electricity supply from the power utility company had previously been on the 11 KV 

bus. This supply was characterized by unplanned interruptions and outages with adverse effects 

on the port’s operations. To help mitigate these challenges, the port has upgraded its power supply 

to be connected directly to the national grid at 132 KV. However, Kenya has continued to 

experience nation-wide blackouts and unreliable power supply that has ripple effects on port 

operations. With the ongoing and planned port expansions, the demand for power will more than 

double.  

Recently, the port developed a comprehensive ‘Green Port Policy’ and implementation plan aimed 

at mitigating the negative externalities of port operations. The policy recommends reduction of 

port carbon emissions through implementing renewable energy initiatives including cold ironing, 

among others. From this standpoint, the Authority, with a grant from Trade Mark East Africa 

intends to engage a consultant to do a feasibility study on the energy needs, alternative energy 

sources and provision of shore power (cold ironing) for the Mombasa Port. Mombasa Port has 

seventeen (17) distribution substations with 11/0.415kV, 11/6.6kV & 11/3.3kV transformers and 

twenty-two standby power generators. (Banks, Ruijs, & Mwai, 2017). 
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Electrical Power Network.  

Electricity for the Mombasa Port is supplied from the National grid from 132kV Bus-bars and 

33/11kV through a Substation. There is an 11kV distribution network emanating from substations 

‘M’ & ‘K’, which supply the entire port at 11kV, 3.3kV & 415V after transformation at substations 

‘M’, ‘K’, ‘L’, ‘N’, ‘U’, ‘Y’, ‘A’, ‘T’, ‘C’, ‘R’, ‘S’, ‘V’, ‘7/8’. (as shown in the figure 6 below) 

Additional substations are at the new container terminal which are supplied via 11kV ring circuit 

from substation ‘M’. 

 

Figure 6: Reticulation diagram of Power Substation Network in Mombasa Port. Source-KPA 

Energy Distribution and Consumption of Mombasa Port. 

Analysis of the Energy Consumption of the Mombasa Port is based on Energy Consumption data, 

monthly Electricity bills, Fuel Consumption of Standby Generators, Port Yearly Throughput and 

Cargo handling equipment. The functional areas analyzed in terms of their energy consumption 

are: KPA Headquarters, Marine operations and Engineering; Terminal I and Terminal II operations 

and engineering; Convectional Cargo terminal; Port Integrated Security Systems; Oil Terminals; 

Yard Lightings and the Old Port office.  
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Standby Power Sources.  

 In case of power outages, Mombasa port relies on Standby generators (diesel fueled) for its 

standby source of power.  

Table 3 below denotes the current distribution of standby diesel generators within the Mombasa 

Port. The generators are tabulated in terms of capacity (KVA), fuel consumption and cost. 

Terminal I (Operations & Engineering) has the highest installed capacity at 2283KVA, and the 

highest fuel consumption at 448 liters / hour. This table is useful in enabling the Port to focus 

attention in areas with high fuel consumption- especially when considering alternative fuels or low 

sulphur fuels for the generators.  

Table 3: Analysis of Functional Areas in terms of their Energy Consumption. Source- KPA 

 

Functional Areas 

Generator 

Capacity 

(KVA) 

Fuel Consumption 

Litres /Hours  

Total 

 Diesel cost  

@ U S $ 1.5 / Litre 

KPA Headquarters Offices: 

Block 1 & 4 

Block  2 

Block 3  

 

500 

500 

500 

 

110 

91 

91 

 

165.00 

136.50 

136.50 

Totals  1500 292 438.00 

Marine Engineering & 

Operations: 

 Slipways,  

 workshops,  

 Dry dock area,  

 Control Tower I 

 Ras- Saran Light Hse 

 

 

350  

 

220 

 

30 

 

 

71 

 

43.6 

 

7.1 

 

 

106.5 

 

65.40 

 

10.65 

Totals 600 121.71 182.55 

Terminal I- Engineering  & 

Operations:  

Equipment (Cranes & Reefers 

) Accommodating offices and 

workshops  

 

 

1063, 610  

610 

 

 

206 

121, 121 

 

 

309 

181.50, 181.50 

Totals 2283 448 672.00 

Terminal II- Engineering & 

Operations: 

Equipment (Cranes& Reefers) 

Accommodation offices and 

Workshops 

 

 

1000, 500 

360 

 

 

202 

91,64.1 

 

 

303 

136.50, 96.15 
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Totals 1860 357.1 535.65 

Convectional Cargo Terminal: 

Harbor  Cranes  

Port Logistic Functions 

 

500,  

500  

500 

 

110 

110 

110 

 

165 

165 

165 

Totals 1500 330 495.00 

Port Integrated Security 

Systems: 

 

Gate Facilities- Sliding gates, 

Wing Gates, Anti-Terror 

Barriers, Perimeter Fence, 

CCTV Cameras, Servers,  

Control Room, 

 

 

 

610, 500,  

350 110,  

80 & 80,  

 

 

 

121 & 91, 

71 & 25 

18.6 & 18.6 

 

 

 

181.50, 136.50 

106.5, 37.50 

27.90 & 27.90 

 

Totals 1730 345.20 517.80 

Oil Terminals: 

Kipevu  and  

Shimanzi 

 

100 

70 

 

21.8 

16.8 

 

32.70 

25.20 

Totals 170 38.60 57.90 

Old Port : Offices 100 22.60 33.90 

Totals 100 22.60 33.90 

Yard Lightings:  

Lighting Towers and High 

Mast Lights (Monopoles)  

 

610, 500,  

350, 100, 

110,  

220, 70,80,  

 

121, 91, 

71, 21.8, 25, 43.6, 

16.8, 18.6 

 

181.50, 136.50 

106.50, 32.70, 37.50, 

65.40, 25.20, 27.90 

Totals 1040 408.80 613.20 

Total Cost of Fuel  3,546.00 

 

From the graphical depiction below (figure 7 and 8), the two sections with the highest energy 

consumption are; Terminal I and the Yard Lightings. 

Terminal I operations that draws significant levels of energy are loading and off-loading of 

containerized cargo while the main energy consuming operations within the yards (17% of the Port  

total energy consumption) are security lighting, and surveillance tool. 
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Figure 7: Installed Generator Capacity (in %) at Mombasa Port. Source- KPA 

 

 

Figure 8: Generator Fuel Consumption (in Litres /hour). Source-KPA 

Yard Lightings. 

The total yard area of Mombasa Port is divided into five Zones (Zone A- E), and each zone is 

symmetrically fitted with a number of lighting towers (High Mast Lights – Monopoles). The 

lighting tower have different power rating ranging from 6,000 watts (6KW) to 12,000watts (12 

KW) with a spacing between adjacent masts varying from 50M to 100 M and the heights of each 

mast (monopole) optimized to ensure maximum illumination. See figure 9. 
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Figure 9: Overview of Yard Lighting, Maximum Illumination of the Yards. Source- Mombasa Port 

Container Terminal I (Berth 16 to 19). 

Main energy consuming operations in Terminal I is loading and off-loading using specialized 

equipment; (i). Ship-To-Shore Cranes (STS) – ten in number, each is powered from a three phase, 

High Voltage Power (3.3 KV) drawn from the Port Substations; (ii). Rail Mounted Gantry Cranes 

(RMG)-two in number, also powered from three phase, High –Voltage power (3.3 KV) drawn 

from the Port substations. The terminal also accommodate 400 reefers via three phase, 415Volts, 

fed from the substation. Terminal I covers area from berth 16 to berth 19 as depicted in Table 4 

below. 

Table 4: Area covered in Container Terminal I- Mombasa Port. Source- KPA 

Berth Number  Length (M) Draft (M) Cargo Type 

16 177.7 12.5 Container 

17 182.9 12.5 Container  

18 239.0 12.5 Container 

19 240.0 13.5 Container 

Figure 10 and figure 11 represent the most energy consuming cargo handling equipment in 

Terminal I these are the Ship-To-Shore (STS) Gantry Cranes and Rail Mounted Gantry Cranes 

(RMG) 
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Figure 10: STS Cranes at Mombasa Port -Terminal I Area Berth 18. Source-KPA 

STS- are specifically located near the berths to facilitate the Loading and off-Loading of containers 

from or in to the vessel.  

 

Figure 11: RMG Cranes at Berth 16, Terminal I-Mombasa Port. Source KPA 

While the RMG are normally near the railway tracks. 
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5.4 KPA’s “Green Port Policy” 

According to available literature, Green Port Policy refers to “an aggressive, comprehensive and 

coordinated approach to reduce the negative impacts of Port operations.” (Port of Long Beach, 

2005). KPA developed a comprehensive Green Port Policy in 2015 through its stated mission 

namely: “To facilitate and promote global maritime trade through the provision of competitive 

port services”. 

The mission statement aims to “transform Mombasa Port into the premier Green Port in East 

Africa, and among the leading green ports in the world. In the Authority’s stated observation, “this 

therefore requires a practical Green Port roadmap, and KPA needs to adopt certain principles for 

the roadmap to ensure it is successful.” (Kenya Ports Authority, 2015). In this context of Green 

Port roadmap, KPA recommends actions that can limit the GHG emission through reduction in 

energy consumption, and outlines the necessary process for ISO 14001 operationalization through 

implementation and maintaining of its certification. 

According to KPA management, the development of the Green Port Policy is basically to have in 

place an actionable Green Port Policy and its implementation Plan for Mombasa Port that is 

consistence with much focus on the economic, environmental, and social values of an investment, 

as well as investments for improving the environment. (Kenya Ports Authority , 2015). 

The Green Port Policy statement for KPA and Mombasa Port is presented on the Appendix V. 

Attainment of this goal calls for the adoption of the recognized five pillars (5Es) which are: 

Exemplifying; Enabling; Encouraging; Engaging and Enforcing currently applied by ESPO 

members. Expected key outcomes includes reduction in Port GHG emission, bio-diversity benefits 

and set the pace for Cold Ironing and utilization of renewable energy. 

5.5 Mombasa Port Energy and Environmental Policy  

Energy policies at the Port are informed by both national and international regulations and 

guidelines. Most of the national regulations emanate from the Energy Regulatory Commission 

(ERC) Act of 2006, while the international guidelines to improve energy management and 

efficiency are based on ISO standards. The ISO 14000 series comprises a range of standards on 

environmental management systems, environmental assessment, environmental performance 

evaluation, environmental labelling, and life cycle analysis and greenhouse gases. It is a 
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framework for managing environmental responsibilities in such a systematic manner that 

contributes to the environmental pillar of sustainability. The intended outcomes of an 

environmental management system include: enhancement of environmental performance, 

fulfilment of compliance obligations, and achievement of environmental objectives. The basis of 

the approach underlying an environmental management system is found on the concept of Plan-

Do-Check-Act {PDCA}, (European Committee for Standardization (CEN), 2015). 

KPA’s existing environmental policy is found in the Green Port Policy, which is appropriate for 

the port but not entirely compliant with the ISO 14001 requirements. The relevant Environmental 

procedures and manuals are yet to be documented for ISO 14001 elements. KPA is already on the 

road to implementing the recognized international standards for Energy Efficiency and 

Management, which began with an Environmental Management Gap Analysis in July, 2016. The 

next phase will involve full certification procedures for ISO 14001. 

Key outcome from the gap analysis is that it identified the need to incorporate key energy and 

environmental goals in to the Port’s corporate governance strategies. The relevant policies as they 

stand are included in appendix are: KPA Energy policy; KPA Green Port Policy and KPA ISO 

14001- Environmental Management System (Ref. ISO/FDIS 14001:2015(E)). 

The table 5 below describes some of the milestones attained so far by Mombasa Port in its process 

to improve energy efficiency and environmental management. 

Currently Mombasa Port is striving to acquire some certification as shown in the table 5.  

Table 5: Milestones: Energy and Environmental Management at Mombasa Port, Source- KPA 

 ISO 9001-2008 ISO 14001:2015 ISO 50001 

Policy  ISO 9001-2008   

Quality Management 

System (QMS) 

ISO 14001:2015  

Environmental 

Management System 

(EMS) 

ISO 50001  

Energy Management 

Standard (EnMs) 

Date of 

Adoption  

 2007 2014 In process 

Date of 

Implementation  

2007 2015 In process 

Certification  2009 Pending (Gap Analysis 

carried out in 2016) 

In process 

Focus on  Service 

delivery 

 Green Port 

Policy 

 Energy 

Efficiency gain 
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customer 

satisfaction. 

 Operational 

efficiency. 

 productivity of 

internal 

resources 

 environmental 

impact (GHG 

emissions) 

 Operating cost  

 Sustainable 

asset 

management 

 Protecting 

environment  

 Quantifiable 

Energy cost 

reduction, 

 Verification of 

Energy savings , 

 Reduction in 

GHG emission. 

Benefits of 

Standard. 
 Improved port 

services and 

customer 

satisfaction. 

 Enhanced 

operation 

efficiency. 

 Productivity of 

internal 

resources. 

 

 Reduce 

operating cost  

 Reducing 

environmental 

impact  

 Sustainable 

asset 

management  

 Improved public 

image 

 

 A significant 

improvement of 

the energy 

performance 

level from an 

initial energy 

baseline. 

 A systematic 

approach (plan-

do-check and 

act) that leads to 

continuous 

energy 

efficiency 

improvement. 

 Increase 

Efficiency and 

Port 

Performance 

Cost and Energy 

Savings 
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CHAPTER 6 

 

 

 

 

6.0 Analysis and Discussion. 

This chapter discusses and analyses the measures that can be undertaken to improve energy 

efficiency, rationalize consumption, reduce energy bills and mitigate externalities related to energy 

consumption at the Mombasa Port. It analyses the LCOE, CAPEX, OPEX and other related 

parameters. From previous studies and the computed LCOE (refer to Appendix III and IV.), Solar 

PV technology offers the best scope as it addresses multifaceted concern including GHG 

emissions, Energy Efficiency, Environmental Externalities and Sustainability. This research 

finding corroborates the recommendations of several previous studies undertaken at the Port.  

6.1 Levelized Cost of Energy (LCOE). 

The four important parameters used to gauge the feasibility of energy technologies are Levelized 

Cost of Energy (LCOE), Capital Expenditure (CAPEX) and Operating Expenditure (OPEX). 

According to World Energy Council, “The Levelized Cost of Electricity (LCOE) is the price that 

must be received per unit of output as payment for producing power in order to reach a specified 

financial return – or put simply the price that project must earn per megawatt hour in order to break 

even.” (World Energy Council, 2013). The LCOE helps the port energy planners to ascertain 

whether a given renewable energy technology is feasible over its lifespan. 

Mathematically, it is given by the total cost to build and operate a power-generating Plant over its 

lifetime divided by the total energy output of the asset over that lifetime.  

𝐿𝐶𝑂𝐸 =
𝐿𝑖𝑓𝑒𝑐𝑦𝑐𝑙𝑒 𝐶𝑜𝑠𝑡 ( $)

2𝑎𝐿𝑖𝑓𝑒𝑡𝑖𝑚𝑒 𝑃𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 (𝑘𝑊ℎ)
  

According to Lai & McCulloch, 2017, “Levelized cost of electricity provides comparisons of 

different technologies with different project size, life time, different capital cost, return, risk, and 

capacities. The LCOE can also be regarded as the minimum cost at which electricity must be sold 

in order to achieve break-even over the lifetime of the project.” (Lai & McCulloch, 2017) 
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Capital Expenditure (CAPEX) and Operating Expenditure (OPEX). 

“Capital Expenditure (CAPEX) includes the total cost of developing and constructing a plant, 

excluding any grid-connection charges while the Operating Expenditure (OPEX) is the total annual 

operating expenditure from the first year of a project’s operation, given in per unit of installed 

capacity terms.” (World Energy Council, 2013). 

Capacity factor 

 Also referred to as load factor, “is the ratio of the net megawatt hours of electricity generated in a 

given year to the electricity that could have been generated at continuous full-power operation, or 

8,760 (p.a) full hours.” (World Energy Council, 2013). 

6.2 Proposed Solar Power Generation at the Mombasa Port. 

Table 7 above depicts the evaluated available space in buildings within the port for installation of 

Solar panels. A total surface area of 205,555 m2 is available with an estimated output of 

52,417MWh / year. If fully utilized, the expected benefits in energy cost savings and GHG 

emission reduction is enormous.  

Table 6: Proposed Site for Solar PV installation (Mombasa Port). Source-KPA  

 Location Name of  Building Length X 

Width 

       (M) 

Area in 

M2 

Solar Power 

Generation 

Potential 

(Based on 

150Wp / M2 ) 

in MWh / year 

N

o. 

 

1 Dockyard a 

b 

c 

d 

 

e 

f 

g 

Marine Afloat 

Boat Shop 

Plate Shop 

Electro/Mechanica

l workshop 

Electronic 

Workshop 

Dockyard Store 

Administration 

Block 

20 X 9 = 180 

40X29= 1,160 

50X30=1,500 

60X45=2,700 

 

45X20=900 

80X25=2,000 

35X12=420 

180 

1,160 

1,500 

2,700 

 

900 

2,000 

420 

46 

296 

383 

689 

 

230 

510 

107 

2. G-Section 

Shed 

 G-Section Shed 180X40=7,200 

9X40=360 

 

7,560 

 

1,928 
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3. Control 

Tower 

a 

 

b 

 

Pollution Control 

 

Shed A 

Maritime Museum 

140X50=7, 000 

30X30=900 

80X50=4,000 

50X24=1,200 

15X12=180 

6X6=36 

 

7,900 

4,000 

 

 

1,416 

 

2,015 

1,020 

 

 

361 

1.  Zone A  

Berth 1-5 & 

yard 

 

a 

 

 

b 

c 

d 

e 

f 

 

 

g 

h 

 

Wine (Shed1/2) 

 

 

BP1-World Food 

Program 

BP2-Michel Cotts 

BP3-Regional 

Logistics 

BP4-Custom Shed 

KEBs/Immigration 

 

 

Old Port Account 

Baggage Hall 

 

150X45=6.750 

25X20=500 

150X45=6.750 

160X40=6,400 

160X40=6,400 

160X40=6,400 

160X40=6,400 

90X12=1,080 

15X12=180 

12X12=144 

110X18=1,980 

135X16=2,160 

 

 

 

14,000 

6,400 

6.400 

6,400 

6,400 

 

 

1,504 

1,980 

2,160 

 

 

 

3,570 

1,632 

1,632 

1,632 

1,632 

 

 

384 

505 

551 

2.  Zone B 

Berth7-10 

 

a 

 

Shed 9/10 

 

180X50=9,000 

 

9,000 

 

2,295 

3.  New 

Service 

Area 

Kapenguria 

 

 

a 

 

b 

 

 

c 

 

 

d 

 

 

e 

f 

 

g 

 

h 

 

 

 

Electrical 

Workshop 

 

Mechanical 

Workshop 

Motor Vehicle 

Workshop 

 

SOW Workshop 

 

 

Central Stores 

 

 

Gear & Equipment 

Folk W/Shop / 

Battery W/Shop 

CEME 

 

Fire Station 

 

 

 

80X20=1,600 

80X8=640 

80X20=1,600 

65X30=1,950 

65X12=780 

68X15=1,020 

45X13=585 

45X12=540 

110X30=3,300 

60X13=780 

8X8=64 

210X24=5,040 

140X21=2,940 

 

50X17 

24X16 

44X12=528 

44X12=528 

 

 

 

2,240 

1,600 

 

2,730 

 

 

2,145 

 

 

4,144 

5,040 

2,940 

 

 

1,234 

 

1,056 

 

 

 

571 

408 

 

696 

 

 

547 

 

 

1.057 

1,285 

750 

 

 

315 

 

269 
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4.  Zone C 

Berth 11-14 

 

 

a 

 

b 

c 

 

 

Kipevu Clinic 

 

Verification Shed 

(Scanner) 

One Stop Center 

 

 

60X15=900 

30X18=540 

80X45=3,600 

60X25=1,500 

 

 

 

1,440 

3,600 

1,500 

 

 

 

367 

918 

383 

5.  Container 

Terminal I 

 

a 

b 

 

Gantry W/Shop 

Mobile Plant 

W/Shop 

 

70X30=2,100 

160X35=5,600 

 

2,100 

5,600 

 

536 

1,428 

6.  Container 

Terminal II 

 

a 

b 

 

Workshop-Curved 

Roof 

Administration 

 

60X30=1,800 

44X24=1,056 

 

1,800 

1,056 

 

459 

269 

7.  Non 

Building 

Location 

 

 

a 

 

b 

 

c 

 

 

 

One Stop-Baggage 

hall Stretch 

New Service Area-

SOW stretch 

Kipevu Bridge- 

Gate 18 Stretch 

 

 

 

900X30=27,00

0 

 

350X25=8,750 

 

760X60=45,60

0 

 

 

 

27,000 

 

8,750 

 

45,600 

 

 

 

6,885 

 

2,231 

 

11,628 

TOTAL AREA  205,555 52,417 

 

6.3 LCOE Calculator for Renewable Source of Energy  

The LCOE Calculator tools gives a comparisons of all the various renewable energy technologies.  

Assumptions used in LCOE Calculator for Renewable Sources of Energy in the Appendix IV are 

listed below. 

 Year of Commencement of Production -2018 (this follows a three year Agreed Energy 

Action Plan with Implementation date of 2015). 

 Policy Year-2015 (Action Plan Date for Mombasa Port Green Port Policy)  

 Lifespan -25 years  

 USD –Currency used in calculating the cost of the Project 
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6.4 LCOE Calculations for Solar PV. 

Assumptions used in LCOE calculator for the Solar PV are as follows. 

These calculations are based on parameters derived through Table 7 above.  

First year’s Production in (Kwh)= 52,417𝑀𝑊ℎ.  

Estimated Cost for Solar PV project = $ 652,737 (Equivalents to Kshs.65, 273,700 at the 

exchange rate of Kshs.100 to $1). 

Cost of production in ($/Watt) = $ 0.747 (See the Excel Sheet Table 8.)  

Estimated Operation & Maintenance Cost ($/Watt) = $ 15 

Current Total Bills (per year)  = $ 2,996,355.69=KSHs. 299,635,568.99 (See Appendix II)  

LCOE in ($ /MWh) =$ 85 (See Appendix V)  
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Table 7: Solar PV Cost Projection Calculator. Source- LCOE Calculator  
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6.5 Gap analysis of Mombasa Port. 

This analysis involves analyzing the Ports status quo on various angles such as the ports 

operations, applied technologies, governing policies and international standardizations. Table 

8 gives the summary of the Gap analysis in Mombasa Port. 

Table 8: Gap Analysis Data. Source –Author. 

 Aspect  Status Quo possibilities 

P
o
li

cy
 

ISO 14001:2015- 

Environmental 

Management System 

(EMS)  

 

Process of 

implementation  

If implemented it will lead to clean air 

quality, reduction in GHG emissions, 

reduce health risks from toxic 

pollutions and improve port efficiency. 

Its certification will lead to make the 

port to be the Green Eco Ports 

ISO 18001:2015 

Occupational Health & 

Safety Management 

System (OHSAS) 

Process of 

implementation  

This standard will lead to proper 

working conditions improvement, 

reduction in near miss incidents, 

number of accidents, GHG emissions, 

operating cost, breakdowns and 

general safety improvement. 

Port Energy Policy 

 

Attained 2011 Gives overall directions on energy 

efficiency and management  

 

“Green Eco Port 

Policy” 

 

Process started in 2015 Once attained will enable the port to 

minimize environmental impact whilst 

addressing energy efficiency. 

ISO 26000-Corporate 

Social Responsibility 

(CSR) 

ISO  

 

Attained in 2010 Building up responsibility /sensitivity 

to the environmental effects on ports 

activities 

ISO 50001- Energy 

Management 

System(EMS) 

Not yet implemented  If implemented it can lead to 

realization of benefits such as Energy 

Cost Reduction, Energy Efficiency, 

Energy Management and GHG 

emission Reduction 

Prioritization of 

projects policy  

No policy to prioritize 

accomplishment of 

important project  

Adoption of this policy will assist the 

Port in decision making process and 

give priority to most urgent and 

necessary projects. 

Star Rating Policy  

 

Not yet implemented  Adoption of a formal policy on Star 

Rating Criteria when procuring of new 

equipment will enable port to select 

high quality, standard and modern 

equipment. 
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O
p
er

at
io

n
al

. 
Monitoring, 

Verification & Review 

(MVR) 

No Data Verification & 

Reviewing 

Supervisory Control And Data 

Acquisition System (SCADA) will 

lead to availability of energy 

consumption trends data, tracking of 

power fluctuations, monitoring of 

most power consumer areas/ sections 

reviewing of energy consumptions and 

reduce cost of power by eliminating 

unrealistic power billing.   

Emission Control 

measures on Vehicles 

operating within the 

Port  

No Control measures in 

place  

Deliberate Policy to bar High emitting 

Vehicles from Accessing the Port. 

 

Just-In Time Port 

arrivals 

Vessels give 14-days 

Pre-Arrivals notice. A 

large number of 

anchorage where 

vessels wait up to 

several days for berth 

availability  

14-days’ notice can be extended , 

besides that a one stop vessel handling 

window can be implemented  

T
ec

h
n
o
lo

g
ie

s 

Renewable Energy 

Technology –Solar PV  

Installation in progress  It will increase Power reliability and 

sustainability, reduce GHG emissions,  

Alternative Fuels –

Low Sulphur Fuels 

No restrictions on fuel 

quality 

If implemented can lead to reduction 

of SOx emission in the port. 

Automated Mooring- 

Tug boats & Pilot boats  

Manual mooring  If implemented it will cut down 

emissions, reduce mooring time, 

reduce accidents  

 

Electrification of cargo 

handling equipment 

 

Mostly diesel Powered 

Equipment. 

Electrification of cargo handling 

equipment will lead to increase turn-

over, reduce turnaround time, reduce 

emissions, and reduce energy 

consumption, Increase port efficiency 

and breakdowns. 

In
st

it
u
ti

o
n
al

 

Sensitization on 

importance of  Energy 

Efficiency & 

Management Measures  

Attained through 

Sensitization program  

conducted in 2015 

More staffs and port users are aware of 

the Ports Energy efficiency and 

management programs and measures. 

This will make the Port staffs/ port 

users  more responsible while at work 

and reduces energy wastage  

Training on energy 

Efficiency and 

Management 

Technologies  

Attained and still going 

on ( the author is an 

example of staffs on 

training on Energy 

Efficiency & 

Management at WMU) 

More energy managers experts will 

lead to a n energy efficiency working 

environment, port will have energy 

professionals who can manage modern 

technologies in energy, new energy 

projects and save the ports large sum 

of cash in improving port’s efficiency. 
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In addition to the energy efficiency and emissions reduction measures currently in place, and 

the identified areas for potential improvement, there are additional measures that can be 

implemented alongside. These include setting ambitious energy use reduction targets, 

systematic monitoring and analysis of energy use at the port, energy audits, identifying areas 

of high energy consumption and waste and taking reduction measures, identification and 

implementation of energy-saving measures that are techno-economically feasible, application 

of energy efficiency indicators and calculation of carbon footprint, capacity building related to 

knowledge of the various options for energy procurement as well as creation and 

implementation of a good energy procurement strategy. 

This Solar PV technology has been applied in a number of ports. For an example in Port of 

Stockholm where the Solar PV represent a third of system facility. The installation was done 

on a flat roof of a customs building in the Port of Kapellskar. The area is around 400m2 with 

225 Solar panels generating a maximum power of around 60kW. 

Another practical applications of Solar PV technology application is at Frihamnen Port. The 

system has 885 Solar panels installed on an area of around 1400m2, with maximum power 

output of 225kW. The total cost of the facility was approximately SEK 3 million.  

Also in Port of Los Angele, a 10 MW Solar power program was developed as a means of 

supporting San Pedro Bay Ports Clean Air Action Plan (CAAP), a plan which was devised by 

Port of Los Angeles board of governor and Port of Long. The 10 Mw Solar PV is based on an 

estimated 3.7 million square feet of potential roof top area throughout the Port. T The original 

ten MW estimate for photovoltaic solar power was based on an estimated 3.7 million square 

feet of potential rooftop areas available throughout the Port for PV Systems. The project cost 

$ 3,358,288.58 was an incentive received from the City of Los Angeles Department of Water 

and Power (LADWP).This confirm the growing significance of Solar PV technology in 

addressing the energy efficiency needs and GHG emissions reduction in ports.  

6.6 Benchmarking Analysis 

There are several methods which can be used in tracking the energy performance in operations 

areas as well as in buildings. These include: Benchmarking, Energy Information Systems (EIS), 

Building Automation System (BAS) and Automated Fault Detection and Diagnostic Tools 

(FDDT). 

According to the Cambridge English dictionary, benchmark is a level of quality that can be 

used as a standard when comparing other things. Kozak, 2004 and Quah, 2014, defined the 
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common theme for benchmarking, according to which, benchmarking is “the continuous 

measurement and improvement of an organization’s performance against the best in the 

industry to obtain information about new working methods or practices in other organizations.” 

(Quah, 2014.) 

Benchmarked Ports.  

In this study three ports (Genoa, Gothenburg and Durban), which have demonstrated 

impressive levels of attainment in energy efficiency as a result of structured monitoring and 

good energy policies are reviewed.  

Port of Genoa. 

The Municipality (Liguria) of Genoa city owns the Genoa Port. Genoa Ports Authority 

manages the port of Genoa which is the principle gateway of the Southern European region, 

with the Liguria city offering an excellent geographical mix of ports destination, with particular 

focus on Far Middle East traffic moving via the Suez Canal, Eastern Mediterranean and North 

Africa (Indian subcontinent). The efficiency of the Genoa Port has a major impact on the 

economies of the countries it serves. Over 150 regular shipping liner services connect Genoa 

with 450 ports worldwide, offering a variety of choice to exporters and importers. 

The port has continued to record significant growth in traffic volumes, with total annual cargo 

throughput at 50 million tons in 2014.  To improve the port energy efficiency, Genoa port has 

implemented various projects and both the EC and international directives and regulations 

guide its strategic directions. The total energy consumption (kWh) per year of the port is about 

49,900,000 kWh/ year. 

 

Figure 12: Overview of Genoa Port Authority. Source- Genoa Port 
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Port of Durban 

Port of Durban is a state-owned Port - South Africa’s main Multi- cargo and container port, 

handling over 80 million tons of cargo each year. It is the busiest port on African continent 

with biggest container capacity. The port operates with two main terminals (Durban Multi-

Purpose Terminal and Durban Container Terminal).  

Over 65% of all exports and imports destined for South Africa pass through the port, thus it 

assumes a leading role in facilitating economic growth in South Africa. Strategically placed on 

the world shipping routes, the port plays a pivoted role in the life of the city. Durban’s location 

on the east coast of Africa makes the port’s terminal a pivotal hub for the whole of Southern 

African region of the Indian and South Atlantic Oceans, serving trade routes linking North and 

South America with Middle East, India, Asia and Australasia. 

The terminal (DCT) also serves as a crucial interface for distribution of cargo between ocean 

carriers and the market of South Africa, Botswana, Zimbabwe, Zambia and DRC. The port has 

6,000 employees, with more than 30, 000 people directly depend upon port’s activities. (Total 

number of container handling cranes for both terminals are STS Gantry-13, RTG-4, Wharf 

cranes-4 and Gantries 2). 

 

Figure 13: Overview of Port of Durban. Source- Port of Durban. 
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Port of Gothenburg  

Port of Gothenburg is strategically located on the west coast of Sweden, and is the largest port 

in Scandinavia. 70 % of Scandinavia industry and population is concentrated within a radius 

of 500km, including areas such as Oslo, Copenhagen and Stockholm, with more than 30% of 

Swedish foreign trade passes through the port. The Port of Gothenburg provides a wide range 

of services including direct links to North America, North Africa, Middle East, India, South 

Korea, china and part of Asia. It also offers daily intra-European sea traffic. In 2015, port of 

Gothenburg took an important milestone in its Green development program. The Port has 

implemented the On-shore Power grid at six RoRo berths.  

 

Figure 14: Overview of Port of Gothenburg. Source-Port of Gothenburg. 

6.7 Discussion of Port Energy Performance from Benchmarked Ports. 

The selection of the Ports for benchmarking was careful done to prove as wide scope as possible 

in the context of evaluation of energy planning. All the four ports (Mombasa, Genoa, Durban 

and Gothenburg) are located either adjacent to, or within urban cities, and can be considered 

as energy hubs based on their sheer relative energy consumption, vis a vis that of the adjacent 

urban city. This means their energy planning and related environmental policies are intertwined 

with those of the urban city, making the urban cities key stakeholders in the ports’ energy 

policies. 

Mombasa Port and Durban are state owned, while Genoa and Gothenburg are municipality 

owned. All the four Ports have already implemented environmental protection measures and 

have “Green Port” policies either already operational (Genoa, Durban and Gothenburg) or still 

in the process (Mombasa Port).  
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Genoa Port and Gothenburg Port are located in SECA areas and are subject to policy 

framework from their respective regions that is the ESPO and BSR whereas Mombasa and 

Durban are not part of SECA areas. 

According to Acciaro, 2014 case study involving Ports are structured in four main subsections 

in order to ensure comparability; introduction, Energy Supply, Energy demand and the Port 

authority approach to energy management and main issues. 

Genoa Port Authority (GPA) has developed a Port Energy Environmental Plan (PEEP). The 

ultimate goal of the PEEP is to bring down 20,000t of CO2 emissions a year in the Port of 

Genoa with an overall investment of 60 million euros. This strategy will enable the port to save 

almost 10,000t of CO2 emission annually with the introduction of 12 plug position of cold 

ironing in the naval reparations area, the ferry terminal and a container terminal (Voltri 

Terminal Europa) from an investment of 13 million euros(Acciaro,2014). It will also save 

6000t from the wind system with an investment of 20.1 million euros and 3600t from the 

installation of photovoltaic structures with an overall investment of 24.4 million euros. GPA 

also targets to save 100t from three solar power stations in port buildings with an investment 

of 400,000 euros. 

In terms of energy supply, Genoa port area presents characteristics that make it suitable for the 

realization of geothermal heat plants, i.e. energy production systems through a heat pump fed 

with seawater. The Port of Genoa is currently evaluating a more extensive use of geothermal 

heat plants. Five projects dealing with photovoltaic and solar technology have been carried out 

by private concessionaries in the port of Genoa. Due to the limitations imposed by Italian 84/94 

law on Ports Authorities’ ability to engage directly in business operations, GPA can only acts 

as a coordinator. Private firms are entrusted with the operational and commercial developments 

in view of their better capacity to manage the planning and financial aspects of the introduction 

of renewable energy sources. The main result that has been the creating of awareness among 

the terminal operators and providing them with guidelines that were lacking in the field of 

energy saving and sustainable energetic development. 

Port of Gothenburg; according to the Port’s stated vision, “The Port of Gothenburg applies a 

proactive approach in its initiatives to minimize the environmental impact of shipping and 

contribute to sustainable transport”. The Port’s environmental responsibility can be divided 

into three main areas: minimizing our carbon footprint, reducing the environmental impact 

locally, and reducing the use of consumption of resources. 
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The Port’s environmental initiatives are grounded on the City of Gothenburg’s environment 

and climate program, hence the port’s environmental goals are therefore adapted to realize the 

city’s objectives. Gothenburg Port authority is owned by the city of Gothenburg and 

Gotenborgs Stadshus AB, a parent company registered in 2014.  

Table 9 below indicates some of the aspects that were considered in comparison of the 

benchmarked ports. The aspects were categorized into three; the general characteristics of the 

ports, the Energy Profiles and the Environmental aspects. This is because the three categories 

defines the port sector.  

Table 9: Benchmarked Ports. Source-Author  

Port of: 

 

Mombasa Genoa Durban Gothenburg 

C
h

a
ra

ct
er

is
ti

cs
 

Size / Area 120ha Land & Water 

1200ha 

1,854 Ha 360 ha 

River/ 

Coastal Port 

Coastal Port Seaport Coastal  Port Coastal Port 

Located in / 

near Urban 

Area 

Yes Yes Yes Yes 

Located in 

SECA Area 

No Yes No Yes 

Ownership / 

Governance 

Mode 

State-owned Municipality State-owned Municipality 

Total Cargo 

(Tonnes- 

2014) 

1.4 million 50 million 31.4 million 40.9 million 

Dominant 

Cargo 

-Container 

Convectional 

-Liquid Bulk 

-Dry Bulk 

-Container 

-Convectional 

-Liquid Bulk 

-Dry Bulk 

-Cruse/passenger 

-container 

-dry bulk 

-liquid bulk 

-convectional 

-passengers 

-Short-sea 

RORO 

-LOLO 

Container 

-Liquid Bulk 

Number of 

Employees 

5,000 - 6,000 129 
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Number of 

Terminals / 

Berths 

-5 Terminals 

-21 Berths 

-25 Terminals -20 Terminal 

-59 Berths 

40 

Number of 

Terminal 

Handling 

Equipment 

(Cranes) 

-12 STS 

-4 RMG 

-38 RTG 

-5 Harbor 

-8 Mobile 

-8Post-Panamax 

-4 Super post-

Panamax 

-20 RTG 

-4RMG 

-43 STS 

-12 RTGs 

10 

-5 Super post 

panamax 

E
n

er
g
y
 P

ro
fi

le
 

Energy 

Demand / 

Supplied 

kWh/Year 

12,750,000kW

h 

49,900,000kWh 11,412,000kW

h 

 

E
n

v
ir

o
n

m
en

ta
l 

S
tr

a
te

g
y

 

Environment

al Aspects 

-Air Quality 

-Waste 

-Noise 

-Energy   

Efficiency 

-Air quality 

-Noise 

-Waste 

-Energy 

Efficiency 

-Local 

community 

-air quality 

-waste 

-Energy 

Efficiency 

-Air quality 

-Noise 

-Bio-diversity 

-Waste 

- Energy 

Efficiency 

Focus 

Strategy 

-GHG 

emission 

-Renewable 

Energy (Solar) 

-Alternative 

Supply-Cold 

Ironing i.e. 

OPS 

-Waste 

-Alternative 

Supply-Cold 

Ironing i.e. OPS 

-Renewable 

Energy (Solar) 

-GHG emission, 

SOx , NOx, PM 

-Waste 

-GHG 

emission 

-Renewable 

Energy   

(Solar) 

-Waste 

-Alternative 

Supply-Cold 

Ironing i.e. 

OPS 

-Renewable 

Energy 

(Solar) 

-GHG 

emission, 

SOx , NOx, 

PM 

-Waste 

Green Eco 

Port Policy 

Recently 

adopted, 

waiting for 

Green Eco-Port Eco- Port Eco-Port 
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implementatio

n 

ISO 

Standardizati

on: 

 

ISO 14001-

Environment

al 

Management 

System 

(EMS); 

 

 

ISO 14001-Not 

yet 

implemented 

 

 

ISO 14001 

Certified 

 

 

ISO 14001 

Certified 

 

 

ISO 14001 

Certified 

 

6.8 Road map to improved Energy Efficiency at Mombasa Port. 

Previous assessment show that Mombasa Port has the potential to improve energy efficiency 

by introducing measures such as Green Port Policy, Eco-driving, ISO standards and renewable 

energy sources as well as technologies. 

Table 11 describe the projects and studies carried out in Mombasa Port in previous years with 

the aim of improving the port energy efficiency. 

Table 10: Initiatives in Improving Port Energy Management - Mombasa Port. Source- 

Date. Consultant

. 

Scope. Main Output. Terms of 

Reference. 

January  

to 

September 

2014 

EMS 

Consultants 

Ltd 

 

An investment grade energy 

audit at Kenya Ports 

Authority facilities in 

Mombasa and Nairobi in 

order to identify 

opportunities for Energy 

Efficiency and conform to 

the Energy Regulations 

2012 issued by the Energy 

Regulatory Commission 

(ERC). 

Energy needs 

were analyzed, 

Energy 

Managements 

strategies were 

propose, and 

energy cost 

reduction 

measures 

identified and 

proposed. 

An 

Investment 

Grade 

Energy 

Audit 

conducted at 

Kenya Ports 

Authority, 

Mombasa 

February 

5, 2015 

The 

Cornell 

Group,INC 

 Conduct a Situation 

Analysis, including KPA’s 

current port operations 

impacts on environmental 

degradation, identify current 

best practices, evaluate 

KPA’s green port practices 

and how KPA may comply 

(a) reduction of 

electricity and 

fuel consumption 

primarily by 

vessels, trucks 

and port 

equipment, 

 (b) 

Implementation 

Green Port 

Policy for 

Kenya Ports 

Authority: 

PO/2012113

4. 
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with international best 

practices; 

  Develop monitoring 

methods and baselines, 

including inventory of direct 

and indirect Greenhouse 

Gas Emissions (GHG) 

baseline and forecast, 

establish Key Performance 

Indicators (KPIs) and 

determine KPA’s capacity 

to implement international 

conventions;  

 Develop a comprehensive 

Green Port Policy and 

Implementation Plan for the 

Port of Mombasa. 

of an equipment 

replacement 

policy with 

electric-powered 

or “clean fuel” 

equipment, 

 (c) planting trees 

and 

 (d) Complying 

with ISO 14001 

certification. In 

addition the port 

must implement a 

regular 

Environmental 

Audit System and 

install an 

Environmental 

Management 

System to track, 

monitor and 

control 

environmental 

pollution; 

July 2016 

to 

February 

2017. 

Royal 

Haskoning 

DHV 

(RHDHV) 

& Howard 

Humphreys 

Phase I: 

 a) Conduct detailed 

assessment of the port’s 

energy needs  

b) Analyze alternative 

energy sources for the port.  

c) Conduct an analysis for 

the provision of shore 

power (cold ironing)  

Phase II- encompasses the 

design and implementation 

planning: 

a) Prepare the scope of 

works and detailed 

technical specifications 

of the recommended 

systems to improve the 

existing power supply 

quality;  

b)  Prepare the scope of 

works and detailed 

technical specifications 

of the recommended 

alternative energy 

sources for the port;  

Phase I: 

a) Current 

energy 

situation,  

b) The 

environmenta

l and 

c) Social impact 

of prevailing 

energy 

situation. 

Phase II: 

Comprehensive 

costing including 

both Social and 

Economic cost for 

the projects, 

Applicable 

Regulatory 

framework 

clearly defined. 

  

 

 

Port of 

Mombasa 

Feasibility 

Study: 

M&APB46

28R001F0.1 
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c)  Prepare the scope of 

works and detailed 

technical specifications 

for cold ironing; come 

up with detailed designs 

and Bills of Quantities 

and prepare tender 

documents for the 

proposed cold ironing 

system. 

 

The following (Table 12) is a template of an Energy Action plan for the Proposed Solar PV 

project which is expected to be completed in 2018. The project is basically one of the measures 

adopted by KPA- Mombasa Port as a milestone to energy cost in yard lighting and buildings, 

cut-off the use of fossil fuels, improve energy system reliability and reduce GHG emissions 

while improving air quality. 

Table 11: Energy Action Plan for Proposed Solar PV. Source Lecture Notes. 

Facility name: Mombasa Port  Objective 1: Solar PV Production Technology 

Objective: 

I. Reduce Energy Cost in Yard Lightings & Buildings (Offices) 

II. Reduce GHG Emissions and Improve Air quality 

III. Cut-off  Fossil Fuel Consumption in Standby Generators 

IV. Improve Energy System reliability 

Target: 52,417 MWh/ Year. 

Initial date:20151 Anticipated completion date:2018 Actual completion 

date:2018 

Electricity high users addressed: Yard Lightings and Buildings in Terminal I Eng.& 

Operations 

Baseline: 2018 Monitored completion date:2018 

 

Energy Action Plan 

Required action Person 

Responsible 

Target date Status Comment 

# List each step 

needed to ensure 

Objective 

&Target is Met 

Enter Name Enter date 

team expects 

this step to 

be done 

Enter 

“Red”, 

“Yellow” 

or “ 

Green” 

Enter status of this step 

and record the data 

beside it (e.g., 

“Completed [4/4/11]” 

or “Management has 

not yet responded, 

extending target date 

by 10 days to 4/18/ 

18[4/4/11]”). 

                                                           
1 2015- Date of Project Launched (as details in chapter 4, Table No. 5). 
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1 Energy  Audit  Port 

Management 

team 

   

2 Gap Analysis Port Electrical 

Engineering 

   

3 Engagement of 

Consultant 

KPA    

4 Feasibility Report  Consultant    

5 Award of contract KPA    

6 Procurement   KPA    

7 Installations Contractor    

 

Key: 

            Green –indicate completed  

            Yellow – Partly Done. 

6.9 Challenges at the Mombasa Port. 

The analysis of energy profile of the Mombasa Port has revealed some key areas, where the 

application of energy efficiency and paradigm shift in the management of energy, can bring 

positive results. The measures can be applied on flexible timelines, from short-term (0 – 1 year) 

to mid-term (1 – 2 years) or long term (3 – 5 years).  

The Port Authority’s Management decision to embrace a “Green Port Policy” and the 

applicable International standards of excellence in energy management (ISO Standards) lays a 

resilient foundation from which a successful energy management regime can be 

operationalized. Some of the prevailing challenges at the port, which require immediate 

intervention include: 

 Environmental pollution: Mombasa port has a high concentration of GHG emission 

production, mainly contributed by; vessels using heavier fuel, and running their generators 

while at the port, Diesel fueled trucks that haul cargo from the port, and the inability to bar 

operation of older, polluting vehicles within the port premises.  

Ineffective regulations / framework: Mombasa Port has limited organizational capacity to 

confirm and apply international conventions and regulations for environmental protection. The 

actualization of the Green Port Policy will give the port some legitimate basis to require 

compliance by ships visiting the port.   

Operational challenges: Unstable, insufficient and unreliable power supply- the supply from 

the national grid is erratic and sufficiently unstable for smooth port operations.  
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7.0 CHAPTER 7. 

 

 

 

 

7.1 Conclusion. 

From the analysis of the energy profile of Mombasa port, it is clearly evident that success in 

energy efficiency endeavors requires the application of both technical and operational 

measures, administered from an enabling framework. The existing measures for energy 

efficiency at the port, together with ongoing migration to “Green Port Policy” set good 

foundations for the attainment of energy goals. Much more can be achieved from the combined 

application of the measures discussed in this thesis and alternative fuels.  

However, with the commitment that Mombasa Port want to be a regional leader in developing 

and implementing a green Port Policy, adherence to International Convention and Kenya Law 

governing port environment is an effort that the Port need to focus on. 

The environmental management and Green Port Policy at Mombasa Port are currently in a 

nascent stage and is basically considered as an additional responsibility to the operational 

managers as well as departmental heads. The operation department lacks human resources, 

expertise, attention and funding to manage the environmental function because it has to focus 

on operating the port in an effectively and economically manner. 

Equally, all the existing departments at Mombasa Port have no expertise suitable for managing 

environmental change. This is because Environmental Management has to be an independent 

entity with a direct mandate from the director general or managing director with its own 

resources and funding. The KPA’s organizational structure is currently unprepared to effect the 

Green Port Policy. The Port also does not have the executive direction, mandate, resources and 

funding to effectively operate an environmental change department as well as developing and 

implementing the Green Port initiatives at Mombasa Port. (Kenya Port Authority , 2015)  

However, for KPA to have an energy efficiency and environmental management, they have to 

focus on certain measures recommended in the thesis.  

The author also recommends further research into the prospects of port energy strategy, port 

energy planning, renewable energy sources, technologies, infrastructure development, energy 



56 
 

cost reduction measures and alternative fuels as a measure for improving energy efficiency and 

sustainability in the port of Mombasa.  

7.2 Recommendations  

This paper has examined the scope for the improvement of energy efficiency at the port of 

Mombasa. For an objective glimpse of where Mombasa port stands in relation to energy 

efficiency and management, a benchmarking process was used. Against the backdrop of 

efficiency improvement measures, there are critical environmental concerns, which 

increasingly exert pressure.  

For Mombasa Port to effectively tackle environmental challenges there is a need to comply 

with the applicable ISO standards and certifications. For instance, the ISO 14001 

(Environmental Management System) lays the foundation for the adaption and implementation 

of a Green Port Policy by prioritizing the tracking, monitoring and controlling of environmental 

pollution.  

Some of the important measures for reducing emissions at Mombasa port are considered below.  

Enforcing a regular inspection regime for vehicles and truck accessing the port, with a view to 

keeping very high emitters of PM, CO2, SO2, NO2 at bay.  

Provision of Shore Power (Cold Ironing)-this will reduces emissions from the ships by enabling 

them to shut down their auxiliary power generators while at berth.  

The adoption of ISO 50001 Energy Management System (EMS) enables the port to regularize 

Energy Efficiency and Management procedures. The EMS standard stimulates port operations 

towards focusing on reducing electricity cost, fuel cost, GHG emission reduction and 

improving the efficiency at the port. Other measures include the electrification of the Port’s 

mobile and fixed equipment, which mainly run on diesel fuels.  

So far, a trend-setting energy blueprint, is already in the administrative system for corporate 

approval and contains active enablers for the growth of a positive and responsible culture to 

energy use, over the entire spectrum of port employees, users and stakeholders. 

7.3 Recommendations on Energy Efficiency and Cost Reduction measures 

Electricity from the National Power Grid is supplied to the Port through metered substations 

and is primarily used to power the entire port operations. The port’s main power consumers 

includes terminal cranes, supply to reefers (cold stores), Port yard lightings, office lightings 
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and air conditioning. The Port currently does not have a system in place to monitor this 

consumptions, no sub-meters installed  hence depends entirely on the monthly bills posted by 

the grid power supplier which often features discrepancies with regard to accounting and 

costing.  

In order to evaluate the consumption and opportunity to reduce energy cost Mombasa Port 

needs to strategize on: regular Electricity Consumption Audits - Using Power Loggers 

(Portable) attached to the electricity feeds of all the main equipment particularly terminal 

cranes, measuring and tracking power loads on a periodic pattern. The power logger will help 

in establishing the port’s energy profile, which will then make it possible do analysis and 

identify areas for improvement including ascertaining the periods when the cranes consume 

power but without useful work (idling). This will assist in setting up normalized consumption 

targets, enabling calculations of individual consumptions and regular monitoring in order to 

assess whether the improvements have been achieved. 

Renewable energy sources, notably Solar, offer new possibilities in efficiency improvements 

and energy bill cost cutting. Local generation of electricity from Solar PV installations (on the 

roofs of the  buildings) can be utilized to provide electric power in areas such as yards lightings, 

port building lightings includes offices, workshops  and air condition systems.  

Fuel Efficiency Audit for all diesel fuel equipment can be undertaken in order to evaluate how 

well each equipment operates within its designed parameters in terms of fuel consumption and 

efficiency. Also, Equipment Replacement Policy, whereby replacements are done, based on 

energy efficient benchmarks, ensure reduced operating cost, emissions, and environmental 

impacts. 

Power Factor Correction (pf)-the current power factor at the Port substations Q, T and R is low 

at 0.62, 0.76 and 0.60 respectively. This should be perpetuated by maintaining a proper balance 

between inductive and capacitive load distribution. 

𝑃𝑜𝑤𝑒𝑟 𝐹𝑎𝑐𝑡𝑜𝑟, 𝑝𝑓 =
Active Power (kW)

Total Power(kVA)
 = Cos 𝞥 
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Table 12: Power Factor Triangle. Source-KPA 

Improved power factor (pf) at substations will lead to less Total Power demand, reduced overall 

reactive power (kVAr) and losses (I2R) in the intermediate power conductors. 

Installation of Alternatives Occupancy Sensors in places where occupants’ behavior will be 

used to dictate when to shutoff lights, air conditioners, hence reduce wastage upon exiting an 

area of work e.g. offices, workshops and washrooms. The sensors should be equipped with 

specific timers for regulating energy usage. 

  

Total 

Power, kVA 

Active 

Power, kW 

Reactive 

Power, kVAr 

𝞥 
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Appendix I  

KPA Energy Policy 

 

      

Energy Policy 

Kenya Ports Authority is committed to energy management and the efficient and sustainable 

use of energy resources. The Authority recognizes that through Energy efficiency, it will 

contribute to conservation of our Environment. 

 To translate this commitment into action, the Authority shall: 

Conform to all the Kenyan statutes and regulations in respect of energy usage including the 

energy Act 2006 

Provide resources necessary to achieve energy efficiency 

Establish an energy committee to spearhead the implementation of measures to achieve 

energy efficiency 

Facilitate the establishment of annual budgets, objectives and targets on energy conservation 

Identify training needs and train staff to ensure competence in the efficient use of energy 

Ensure that this policy is reviewed at least once annually to ensure its continued adequacy 

and effectiveness 

Ensure that this policy is communicated to all our staff and it shall be available for review by 

the public.  

 

 

 

Approved by: ------------------------ 

Managing Director 

 

Date-------------------   
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Energy Policy -Responsibilities 

To appoint an energy officer responsible for implementation of the energy policy in all the 

sites 

To establish energy committees with representation from all the key departments 

To identify measures for energy efficiency and develop annual budgets and programs for 

implementation 

To continuously measure, monitor, analyze and control energy consumption  

To conduct energy audits according to the energy management regulations 2012 and other 

relevant legislation 

To establish a training program to ensure training of key staff on energy management.  

To Encourage awareness and employee participation in improving energy efficiency 

To implement a procurement policy that promotes energy efficiency in new purchases and 

projects 

To include Energy management as an agenda during the Quality management review 

meetings 

To comply with local legislation  

 

Approved by: ------------------------ 

Managing Director 

 

Date-------------------   
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Appendix II 

 

KPA Monthly Energy Bill 
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Appendix III 

 

SOLAR PVC Project Cost calculator 
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Appendix IV 

 

Levelized Cost of Energy for Renewable sources 

 

 

 

 

 

 



68 
 

Appendix V. 

 

KPA Green Port Policy Statement. 
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Green Port Policy for Mombasa Port 
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