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[bookmark: _Toc164938119]1. Proposed Research Title
What are the impacts of the Sodium to LED Street lighting upgrade?
[bookmark: _Toc164938120]2. Abstract
This research will obtain further understanding of the various impacts that the recent street lighting upgrade from Sodium lamps to LED lamps featuring research and possible case studies from other projects carried out by internal and external bodies to further understand the process and effect on different locations and populations. There will also be primary and secondary data included to receive other views and real time data from online sources and the researchers own project.
[bookmark: _Toc164938121]3. Chapter 1 - Introduction and background
The researcher has been involved within the workplace to roll out an LED upgrade programme to replace all Sodium Street Lights in the county area as part of a money saving exercise. The researcher will gain knowledge on the impacts of this upgrade which will in turn benefit the employer going forward.
[bookmark: _Toc164938122]3.1. Chapters
Chapter 1 – Introduction
Chapter 2 – Methodology
Chapter 3 – Literature Review
Chapter 4 – Conclusion with Secondary data
[bookmark: _Toc164938123]3.2. Aims and Objectives
The aim of this research project is to identify any impacts of the recent upgrade from Sodium to LED Street Lighting. These impacts could feature environmental changes or issues, if there is a noticeable difference on expenditure and maintenance of the upgraded lamps, if there is a need for LED lights and are they efficient for public needs. The researcher will aim to identify this by means of online research, which can involve other authorities or sectors that have undertaken the upgrade previously with any relevant findings that they have discovered. The researcher will also utilise any findings within the programme that they are a part of and feature any positive and negative points to analyse if the upgrade was sufficient enough for money saving and for the environment.
Objectives
· Determine if it is cost effective to switch to LED Street Lights.
· Determining the efficiency of LED Street Lighting.
· Outline the environmental impact of the LED upgrade.





[bookmark: _Toc164938124]3.3. What does the researcher know about the topic?
The researcher has intermediate knowledge before undertaking the proposed research, this derives from being employed as a local government officer in the Infrastructure Management sector that is involved with Street Lighting management and being involved in undertaking of the LED lighting upgrade. 
[bookmark: _Toc164938125]3.4. Brief knowledge of cost effectiveness
While being employed by the local government sector the researcher has access to analyse and determine whether the upgrade to LED lamps have been cost affective so far in terms of energy cost savings compared to previous years or months, which will need to be relative for the research such as times of the year where streetlights are on longer through darker winter times. The researcher is also able to confirm by means of research, whether the maintenance life of a LED lamp exceeds that of a sodium lamp and if they need to be changed less frequent due to failures or life expectancy. There is also material published online from other sectors that feature their results from switching to LED lamps that could be utilised for the research proposal.
[bookmark: _Toc164938126]3.5. Brief knowledge of efficiency 
To determine the efficiency of the LED lamps compared to previous installations, the researcher must analyse any data held in street lighting databases within the work environment which could include decreases in energy consumption or less part change intervals. The researcher could also survey local streets and ask residents if the new LED lamps are efficient enough in terms of light coverage compared to older installation, as well as surveying any areas which have lantern covers to stop light intrusion into properties. It is also possible to find a vast amount of information on the efficiency of LED lamps online through articles and other government surveys. 
[bookmark: _Toc164938127]3.6. Brief knowledge of environmental impact
The researcher has basic knowledge of the environmental impact of streetlights including LED lights in general, for example light pollution. The researcher will gain knowledge on this particular topic by analysing research material available from online sources, there is a vast amount of research and evidence of light pollution which can be featured in this proposal. Other environmental impacts known to the researcher is the increase of blue light emitted from the LED which can affect sleep and harm wildlife.
[bookmark: _Toc164938128]3.7. Is it beneficial to the researcher to carry out this research?
It is beneficial for the researcher to undertake this research to further gain knowledge and understanding on the various impacts of the recent upgrade from previous street lighting installations such as sodium and halogen lamps, to the newer LED lamps. This will in turn help the researcher in their current role better understand the position of moving over to the LED lamps and why, as well as accumulate positive impacts on their county by installation such as relaying back to customers any facts and research about the low energy costs and potential maintenance savings costs. On the other hand, the researcher can also be more educated on the potential negative impacts of street lighting and specifically LED lamps causing impacts on the public and environment and possibly look to make a difference in their county by putting in different measures that can be explored with the research undertaken.


[bookmark: _Toc164938129]4. Chapter 2 - Methodology 
Given the initial broad research into the realm of Street Lighting and the extensive upgrades undertaken by other authorities and contractors, the researcher will be able to access a vast amount of material from such articles produced from secondary data available online as well primary data from the given authority themselves if provided qualitative information. The researcher will collate both quantitative and qualitative information together to be able to produce the most informative insight into the impact of street lighting and the upgrade to more recent technology such as the LED lighting. 
[bookmark: _Toc164938130]5. Chapter 3 – Literature Review

[bookmark: _Toc164938131]5.1 Cost effectiveness of LED upgrade
The cost effectiveness of converting the already existing sodium/halogen streetlights to a newer LED lamp is documented in a few instances and have already been rolled out for a number of years in different counties within the United Kingdom. Depending on the number of street lighting assets a county has and the contractor that is nominated to carry out the mammoth task of mainly retrofitting the older lamps and lanterns into the newer LED format, this currency figure will vary quite largely between counties. 
According to the ‘State of the nation’ report in 2020 undertaken by the UK Roads Liaison Group, if there were £775 million of investment into the UK’s Street lighting infrastructure to convert to LED there would be an estimated £6.8 billion in electricity cost savings which is an exceptional amount. There is also an estimate of a reduction in co2 emissions, it is reflected in the report that the LED conversion could reduce Co2 emissions by a massive 5.1 million tonnes over the next 25 years and create/secure 9000 jobs in the lighting industry. With these figures outlined in the 2020 report, other financial benefits include a net present value of £2.3 billion for the investment and using a Green Book nominal discount rate of 6.09% will represent a return of £3.10 for every £1 of capital invested. The UK investment case for the conversion of LED street light replacements documents in this report have a short payback period of around 5-6 years with a significant annual electricity saving forecasted to be £125 million paired with lower estimated maintenance costings of £60 million each year. This will make a huge impact for local authorities who will be able to allocate such cost savings to improve infrastructure and become more effective in maintenance and preventative maintenance, this can involve allocating funds to life cycle planning and asset inspections to identify different areas that need to be focussed on in terms of repair and upgrade. If the cost savings are dealt with correctly by focusing on infrastructure upgrades and maintenance, this will prove improve the cost effectiveness of the LED upgrade even further by upgrading the whole infrastructure around it.  (UK Roads Laison Group, 2020)
Comparing electricity costs between the LED upgrade and traditional streetlights is recorded generally using a 60-watt LED streetlight for one year is only 20% of the electricity cost of using a 250 watt sodium bulb street light for one year. The power that takes to run an LED streetlight is only ¼ of the power needed to run a sodium streetlight and with these two factors it shows how cost effective an LED light can be combined with its high life expectancy. (Leboda Lighting, 2022)



A brief comparison of two counties within Wales who undertook the upgrade to LED lights shows that:
Cardiff City Council has 23,750 street lighting assets to upgrade and maintain which would cost roughly £6.5 million to carry out, but in return it is predicted that the real-world money savings would average around £423,800 a year if the energy costs stay at the same rate. (Wales Online, 2019)
Comparing to Cardiff would be Pembrokeshire County Councils LED upgrade scheme which holds around 16,000 street lighting assets top upgrade and maintain with an upgrade cost of around £2.4 million with predicted savings of around £205,000 a year in electricity costs. (Western Telegraph, 2020)
This is a major amount of money incurred to the two counties who are both holding a significant amount of assets and the cost savings each year as well as reduced maintenance costs should offset the initial expenditure of the upgrade by paying back the costs incurred, with the money that has been saved. The higher cost of investment derives from the initial cost of the LED unit itself, which is more expensive than the traditional lamps, but for good reason. The LED unit is set to become cheaper now that various counties and investors are involved in the many upgrade schedules planned especially when bulk purchasing the units. 
A very useful feature of the LED streetlights are the part night and dimming options that are available, according to the design requirements in the British Standards 5489 code of practice for on road lighting allows road lighting levels to be lowered during periods of low traffic volumes e.g. early hours of the morning. Usually, all LED lanterns are manufactured with a programmable dimming facility built in for little to no extra cost. (UK Roads Laison Group, 2020).
The part night feature of an LED lantern utilises a photocell to determine the amount of light also known as a ‘dusk till dawn’ which switches the supply to the streetlight to ON when the light level falls below a given value (dusk), and then switches the supply to OFF when light levels rise above a certain level (dawn). This equals good street lighting infrastructure management by reducing energy consumption which in turn reduces energy costs and makes savings, as well as reducing light pollution and intrusion. The ability to accurately switch on and off a supply via a photocell is a huge advantage and is crucial for costing and efficiency as well as maintenance costs, if the LED is on for longer then it will degrade. Part night features are very cost effective and a no brainer for street lighting. The ability to dim the LED lantern is another crucial component of the upgrade, older installations would not allow any dimming. Having the option to dim a light source at any given location is advantageous as local authorities can optimise their lighting levels to different locations and needs of the residents, as well as energy savings. (UK Roads Laison Group, 2020). 
An example of a local authority taking advantage of these features are Pembrokeshire County Council who dim their always on lanterns to up to 50% at a certain time period to save energy costs and to not effect residents and environmental impacts without deeming the light output to be insufficient. This is already another cost saving to authorities that weren’t able to utilise these features in previous installations. (Local Authority PCC, 2024)


[bookmark: _Toc164938132]5.2 - Efficiency of LED upgrade
There are multiple advantages of the Light Emitting Diode (LED) that can be taken into account when upgrading the street lighting infrastructure and a major point of the LED is the efficiency that comes with it in terms of the energy efficiency, cost savings, safety and maintenance. One of the many drivers in the widespread adoption of the upgrade to LED street lighting is the impressive energy efficiency of the units compared to traditional fittings such as the High-Pressure sodium (HPS) and incandescent bulbs. Studies have demonstrated that substantial energy savings are achievable through the conversion to LED street lighting and can achieve savings of up to 50-70% compared to the older installations. This then trickles down to savings in utility bills and reduced maintenance costs and longer lifespans of the LED units which again contribute to the cost effectiveness of the LED conversion. (The Climate Group, 2015)
While the mention of the adaptability and cost savings of LEDs were touched on, this directly refers to the efficiency of the unit. The LED unit can be optimised to dim in certain areas at certain times to prevent light from disturbing residents and inhabitants which also is an advantage for cost savings and efficiency by not using a lot of energy. By combining part night with the dimming schedules, a maintaining agent can further maximise the energy usage and maintenance costs of their infrastructure to create a more efficient service and asset. The standard installations for streetlights that have been used for many years are up to the task of creating an area of light that is reasonable enough to create a safer experience for pedestrians and motorists, but when put head to head with the LED option the difference is a big improvement. The upgrade to LED significantly improves the visibility and safety for motorists, pedestrians and cyclists using the network of roads, streets and paths around them, helping illuminate any defects and obstacles that may present themselves. This was still present with the older units, but the LED unit can illuminate much more and as it is a white light it can offer superior colour, rendering properties and uniform illumination, enhancing clarity of the street and any walkways, signs and objects. The improved visibility provided by LED streetlights further contributes to a safer environment by reducing the risks of accidents such as slips trips and falls and vehicular collisions where the motorist could not identify the hazard because the lack of visual aids. Well-lit streets and paths enhance visibility for users and facilitate better decision making and reaction times, it also supports any street furniture such as speed bumps and signage. (Research Gate, 2023)
Street Lighting also is efficient with increasing security measures and helps deter crime in public areas, well-lit public areas and streets discourage criminal activity and give residents, businesses and pedestrians a sense of safety and security. LED units are much brighter and able to pick out pedestrians and threats easier as well as being able to accurately display intruders etc on CCTV. Strategically placed LED units can be utilised to create safer spaces for residents to live, work and socialise in high crime and poorly lit neighbourhoods. (Research Gate, 2023)
With the innovation of smart controller systems that are further optimised for the use in street lighting infrastructure, energy efficiency and usability is even more enhanced. There are a lot of options in terms of different kinds of smart controllers and systems to be used and can be adapted to the client’s needs and how much control they require, the controller can either be connected to the power cabinet/feeder pillar or the street light lamp itself. The controllers are the base of every smart lighting installation and at a maintenance level it can vastly improve the proactive and reactive maintenance of the lamps instead of relying on residents to report lamps that are burning all day and wasting energy they can just view a system that can display each street lighting asset with remote monitoring and enable proactive maintenance, minimizing downtime and ensuring consistent performance across the lighting infrastructure. These smart lighting systems can make use of innovating technology such as sensors, data analytics and the Internet of Things (IoT) which are revolutionising the way that infrastructure is illuminated. The LED units that are equipped with the sensors can detect motion, monitor environment parameters such as temperature and humidity and gather real time traffic data. Management can create dynamic lighting plans for different scenarios that can prioritise safety and improve traffic flow while also scheduling outages for certain periods to reduce energy consumption. (inteliLIGHT, 2020)
LED smart lighting systems align with sustainability agendas of local authorities that are trying to maximise their budgets and get the most out of their infrastructure and have to be mindful of the environmental footprint of their lighting solutions. The extended life span of LEDs compared to older installations range from 50,000 to 100,000 hours of burning time, this can be maximised by smart solutions as they will not be constantly on which when combined will reduce the frequency of replacements and minimises waste and costs. With the absence of hazardous substances which were situated in older installations such as mercury, this now eliminates the risk of environmental contamination during disposal and contribute to preserving natural resources, greenhouse gasses and providing more greener solutions as LED units can be disposed safely. (Stouch Lighting, 2016)
In conclusion the LED unit is a far superior option to consider compared to any previous and current street lighting solutions that are fitted and all installations can usually be retrofitted to accompany the new lantern and LED retrospectively to reduce the cost of upgrading the infrastructure including the supply and columns etc which will reduce costs and any investment that is not needed. The LED units are much more efficient in regard to cell life also, an LED cell can last significantly more time than previous and does not create flicker or burn out. The major factor authorities and businesses are attracted to is the impressive energy efficiency of the LED and just how much this can be built upon to harness even more cost savings and efficiency. The LED option could be classed as a no brainer when considering how much return on investment can potentially be made when pairing the initial cost, the replacement, retrofitting cost any maintenance costs with the adaptability of the smart controllers, part night and dimming features as well as the low energy consumption due to the unit not needing as much energy to produce even more light.
[bookmark: _Toc164938133]5.3 – Environmental impacts of LED upgrade
When considering the environmental impact of upgrading the street lighting infrastructure to LED units there are already the statements of the energy efficiency of the unit and how effective it is in reducing energy consumption and carbon emissions. There are other elements that can be affected when looking at the possible impacts to the environment such as the light pollution in the area when installing brighter lights that have raised concerns in regard to the increase in light pollution and its effects. Although the LED unit is considered to be energy efficient, the unit emits a bright and concentrated light that can scatter and create excessive and unnecessary glare which in turn leads to light pollution. There are a few effects that light pollution can have such as the fact that artificial light can cause issues with natural body rhythms in both humans and animals. The circadian rhythm which is the internal 24-hour clock that regulates day and night time activity and that impacts the physiological processes in almost all living things is disrupted by nocturnal light and interferes with sleeping patterns. There are also studies that focus on the blue light shift and the increased suppression of melatonin for humans brought on by LED lighting, this lighting mimics broad day light which when a human is attempting to sleep it can trick the body into thinking it is still daytime and suppresses melatonin which is the key driver for our biological body clock and in term when it is released in the body it will help us sleep. It is estimated in a study that LED lamps have five times more impact on circadian sleep rhythms than conventional street lighting. (National Geographic, 2023), (Treehugger, 2022)
The installation of LED street lighting solutions has also raised concerns in regard to the effects on nocturnal species and their behaviours of many different species including birds, insects and mammals which can be disturbed by unnatural bright lights and the widespread of LED lighting. An example being that migrating birds rely on natural light for navigation but may become disoriented by artificial light and collide with buildings or structures. (AZO Cleantech, 2022)
During the mass LED conversion undertaken by Pembrokeshire County Council some residents would complain about the light intrusion into their properties as the LEDs were much brighter compared to their counterparts. To address the environmental challenges with the LED units now In place, various mitigation strategies were implemented by the local authority such as utilising the lighting control systems such as the part night and dimming features that were available with the units to regulate the intensity and direction of the light while minimising the light pollution but also maintaining the safety and security of the environment. It is also possible and local authorities have implemented the use of warmer LED fittings/filters to alter the effects of blue light etc. There is also the use of shields which can be fitted to the LED unit to block the light intrusion to properties or unwanted areas and help reduce light pollution and unwanted glare. (Local Authority PCC, 2024)
[bookmark: _Toc164938134]6. Chapter 4 - Conclusion
In conclusion, there is a need for a better and more efficient street lighting infrastructure and there are many advantages to be had when upgrading from older installations such as high-pressure sodium lamps to the new LED units. When comparing the cost effectiveness of the newer LED units, including the initial purchase cost and longer maintenance intervals, this is a very cost-effective option that can benefit the users and authorities massively as the LED is much cheaper to run and life expectancy is increased. The LED unit is also very efficient by not having to use as much electricity to power it and the features that come with it such as the dimming and part night options available make it not only cost effective but brings the lighting infrastructure into modern times and their advantages with it. The cost savings can be outlined to multiple different authorities and within the local government authority Pembrokeshire County Council they are seeing the effects of the retrofit upgrade to LED as a success and are now seeing financial differences and can continue to focus on allocating funds to other areas and maintenance. While there are some major advantages of LED street lighting, there are also a few negative impacts that can be had on the environment which have been outlined such as the light intrusion and adverse effects on melatonin release for sleeping in humans and animals. There is also the effect of light pollution and the fact that the night sky is affected from not being able to see star constellations etc. Although there are a few ways to combat these issues such as shields, filters and part night/dimming features, they do not solve the problem fully, but other advantages of the LED unit can solve a range of other issues by terms of reducing carbon emissions, waste and cost savings.
(Pembrokeshire County Council, 2023)[image: A graph of energy saving]
Concluding the results of the energy saving from Pembrokeshire County Councils data, which is provided by the Street Lighting department, this graph shows the increase in energy saving costs throughout the time period of 2016-2023. This energy saving graph not only shows the change from sodium lamps to LED units, but also includes the part night cells that have been utilised for cost saving purposes. From this data it can paint an accurate display of the cost savings that just the LED conversion has made an impact on, from 2022 Pembrokeshire County Council implemented the retrofit of LED lanterns with the part night cells combined but without smart controllers. This graph was used to justify the expenditure of a £2 million investment to upgrade the streetlights. 
(Pembrokeshire County Council, 2023)

To further support the conclusion of the energy saving and cost saving of the LED upgrade carried out by Pembrokeshire County Council, this data was pulled together to visually aid the annual energy consumption ranging from 2016 – 2023 in 2016 the unit of choice was mainly high pressure sodium lamps that consumed 2,890.174 KWH, as the graph shows from the implementation of the LED units in 2022 the annual energy consumption in 2023 is now only 1,251,359 KWH which is a massive decrease and further reinforces the move to LED lanterns for the authority.

What has this exercise taught you about yourself (personally and professionally) and what will you change going forward?
This exercise has highlighted different research techniques that I can utilise in any research project that I have and understanding what a literature review has helped me pick out the most relevant information and data that I require to maximise the potential of the report as well as identifying relevant and biased websites to fully understand the subject and what to trust as a source. I feel I am able to identify and scrutinise any information and data that I find so that I can not portray any wrong or misunderstood information in a professional manner. This exercise has also taught me that there are always advantages and disadvantages to any project, and others may think certain advantages may be disadvantages also, it all depends on perspective apart from hard data to show the savings and effectiveness of projects. This is a change that I could implement in the future when I have more hard data available to discuss.






What was the journey to your goals, including successes and failures; how were issues resolved?
For this project aims and objectives were set so that the order and flow of the project was adhered to in a professional and informative manner so that it was structured in a way for the reader to be fully informed where the project was going and what is to be achieved. There was success in finding multiple sources and evidence of various authorities undertaking the LED upgrade and their views on it as well as web pages of the disadvantages and impacts of the upgrade itself. During the literature review 
Given what you now know, would you do anything differently (if you were to do the project again)?
I believe that this research project has achieved what it was set out to do by viewing the impact of the LED street lighting upgrade in many views and areas, if I was to do this research project again I would most likely incorporate more hard data in numbers so the reader can see hard evidence of any changes and relative to the upgrade, I could possibly also carry out interviews on different people with different questions to gather information from stake holders and the community, which will further enhance the quality of the research but may also cause some debate and possible opinionated views.
Has what you have done changed your ambition or strengthened it?
Given the completion of this project it has strengthened my ability to find relative areas of literature to enhance my research and find quality data and information. By identifying these sources of information and being able to dissect different approaches and views on multiple different points of my research topic, it has reinforced my knowledge and drove my ambition to find the best and comparative data to let the reader know that there can be multiple sides and views to a project topic but with data and facts, they can see what is proven. My ambition for this project was to further understand more about the LED street lighting retrofit upgrade that has taken place in my workplace and the reasonings behind the move to LED units, it has also given me an insight on how effective and efficient the upgrade has been for not only the local authority but to the world. This project has also opened my eyes to the negative effects of such lighting units and how we can better improve our infrastructure for all living things on earth.
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Annual Energy Consumpion (KWH)
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