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[bookmark: _Toc106183568]1.0 Introduction 

Trostre depot is a local authority ran site located in Llanelli, Carmarthenshire. One of several satellite offices that are located within the county. 
Trostre depot consists of office space, stores area and garage with extensive parking area to the rear for fleet and refuge vehicles. 
The office area houses multiple disciplines and departments, and is currently occupied by the Property Maintenance section, Business Support, Grounds Maintenance, Refuge Department and Enforcement. 
A high volume of footfall and traffic is evident throughout the office area with a mixture of open plan seating, small office space and hot desking areas. 
The stores area is currently used for storing the refuge departments goods and sees a constant flow in and out throughout the day. 
The garage area carries out servicing and repairs to the authorities’ vehicles and offers M.O.T testing the public. 
This report will evaluate the building fabric and current building services and maintenance strategies. Audit the energy performance of the building and establish a medium term Retrofit plan for energy performance improvements.




[bookmark: _Toc106183569]2.0 Site Description   

The site spans approximately 5,158 m² and typically operates between 05:45- 18:00hrs Monday-Friday.
Trostre Depot resides within a single storey circa 1980’s building. Construction consists of brickwork with external cladding and a tin roof, all windows are double glazed.
The main entrance to the front of the building takes you to a small reception area with restricted access to the main corridor which leads you to several individual small offices and then to two large open plan offices. Following access to the adjoining stores area and garage, workshop. 
The building pre-dates 1980’s and the double-glazed windows show that natural lighting was not the designer’s priority with minimal natural daylight occupancy rely heavily on artificial lighting with minimal controls in place.  The plantroom within the main building occupies the gas boilers and gas meters. The electrical incoming supply and meters are situated in the stores area with various distribution boards located around the building.						 
Figure 1
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[bookmark: _Toc106183570]3.0 Schedule of Plant and Building Services at Trostre depot  
[bookmark: _Toc106183571]3.1 Building Fabric and Services 

Trostre Depot resides within a single storey circa 1980’s building. Construction consists of brickwork cavity wall with external cladding and a tin roof, all windows are double glazed. Site services include gas fired boilers, water heaters and various lighting outputs.
	Building Fabric
	Type 
	Evidence of Insulation Thickness (mm)

	Roof Office Area 
Stores/Garage 
	Tin
Tin 
	 150 
100

	Wall 
	Brick Cavity 
	Limited 

	Glazing 
	Double glazed 
	N/A

	External Doors
	PVC 60% Glazing
	N/A

	Hot Water System
	Boiler/Electric
	N/A

	Floor 
	Solid 
	N/A

	Heating 
	LPG 
	N/A 

	Heating Controls
	TVR on Radiators
	N/A

	Lighting Controls
	Manual Switching
	N/A 


Figure 2 
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Figure 3. 						Figure 4. 


[bookmark: _Toc106183572]3.2  Gas Boilers 

Heating in the main buildings is provided 2no Ideal concord 60 H atmospheric boilers on LPG through a wet radiators system.
Kitchen and toilet areas hot water are provided by the wet system heating system supplemented by Heatre Sadia handwash units and 2no 2.5 Supreme instantaneous hot water dispensers.
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Figure 5. 						Figure 6.
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Figure 7. 						Figure 8. 

[bookmark: _Toc106183573]3.3 Cooling and Air Conditioning Systems

Cooling in the open office area is by means of a Mitsubishi air conditioning unit, 14w twin split ceiling cassette system complete with condenser unit. 
The remaining building cooling and ventilation is provided by natural ventilation and extract fans in the toilets and kitchen area.  

[image: A picture containing appliance, indoor, oven, door

Description automatically generated]

Figure 9. 
[bookmark: _Toc106183574]3.4 Lighting and Controls 

Lighting is offered by a mixture of 28w 2D fittings, various ratings T5, T8 tubular fittings and 70w SON external lights with some evidence of external fold lights that have been replaced by LED equivalent on breakdown. Mostly controlled by manual switching. External lights controlled by photoelectric and PIR sensors.  
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Figure 10. 						Figure 11. 
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Figure 12.						Figure 13. 
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Figure 14.					Figure 15. 




[bookmark: _Toc106183575]4.0 Maintenance Strategy 

It is essential that the plant and building services at trostre depot are consistently operating at desired levels to ensure the building is running efficiently as possible and that there is no disruption to the working environment, offering a safe and comfortable building to end users. 
As defined by the Health and Safety at Work etc. Act 1974 – 
Employers have a general duty to ensure, so far as is reasonably practicable, the health, safety, and welfare of their employees at work (HSE, 1974)
There are statutory requirements set out to ensure health and safety compliance such as - 
The Workplace (Health Safety and Welfare) Regulations 1992, which outlines the need for employers to maintain their workplace and equipment in an efficient state, good working order and kept in good repair (HSE, 2013)
And the Provision and Use of Work Equipment Regulations 1998, says that employers must ensure that work equipment is maintained in an efficiently ,  kept in  good working order, in good repair, and the need to keep an updated maintenance log (HSE, 1998)
CIBSE Guide M offers advice and guidance on management and good practice in maintenance of building services and states that maintenance is crucial in providing a safe, comfortable environment for occupants to achieve their maximum performance potential. Effective maintenance and operation is a key factor in ensuring this continues for the life of the building (Harris, 2014)
Chapter 3 provides guidance for developing a maintenance policy, and the various types of  maintenance strategies, whether that be planned, preventative or reactive.
Manufacturer’s guidance will offer guidance on maintenance frequency to achieve optimal efficiency and prolong life span of the equipment.
Part L of the Building Regulations (conservation of fuel and power) requires the building owner to have information regarding the building services to ensure efficient operation. It implies that this should be done by means of a logbook. These are required for new and existing buildings where services have upgraded or been replaced giving the building user a clear understanding of how to operate the building services (HM Government , 2014)
[bookmark: _Toc106183576]4.1 Maintenance at Trostre Depot 

Currently the maintenance strategy at Trostre Depot, is a mixture of statutory inspections and servicing. Carried out to plant and equipment as per manufacturers guidance, statutory obligations and outcomes of risk assessments and reports, to gas boilers, air conditioning unit, fire alarm system, emergency lighting and fixed electrical equipment.
Planned preventative maintenance is when the plant and equipment is routinely maintained to limit failure, prolong the life cycle and efficiency. Daily, weekly, and monthly checks and maintenance schedule in place. 
Reactive maintenance is carried out on asset breakdown, or to improve inefficient performance. Carried out by the inhouse maintenance team and external contractors to a professional standard and in a timely manner, observing all statutory requirements, health and safety requirements and the building users needs. 
[bookmark: _Toc106183577]5.0 Base line of Current Energy Performance 

[bookmark: _Toc106183578]5.1 Energy Type Baseline

The table below shows the depots annual energy baselines for gas, electricity and other fuel consumptions based on year 2019 – 2020. CO2 emissions figures calculated using the UK government  conversion factors, 0.23kg of CO2 per Kwh of electricity and 0.18kg of CO2 per Kwh of gas consumed (Department for Busines, Energy and Industry Strategy , 2020)

	[bookmark: _Hlk106011813]Energy Type
	Consumption
(Kwh/yr)
	Energy Cost
(£/yr)
	CO2 Emissions 
(tonnes/yr)                                                                                                                         


	Gas
	141,002
	 9,870.14                                        
	25

	Electricity
	156,292.5
	26,569.72
	36

	Total 
	453,587
	36,439.86
	61


Figure 16. 










[bookmark: _Toc106183579]5.2 Energy Use Breakdown 

Estimated energy consumption breakdown of electricity and gas services. 
                  
Figure 17. 						Figure 18. 

[bookmark: _Toc106183580]5.3 Benchmarking 

Benchmarking is an approach to assessing the energy performance of a building by comparing data with similar building types as per CIBSE Guide F. 
When Benchmarking with similar energy efficient buildings, we can get an idea how efficient or not the audited building is and set targets. 
We need to plan and review the buildings existing energy efficiency and compare to benchmark by taking readings, gathering data, address energy concerns, implementing energy conservation measures and cost saving estimates.  
During the audit data was collected from the building fabric, the HVAC systems, building controls and BMS, lighting, lighting controls, the buildings energy usage and occupant comfort levels.  We gathered the data by physically walking the site and by collecting historical usage data. 
No access available to paid CIBSE membership but the available CIBSE TM 46 Benchmarking tool provides data on similar existing stock per meter square. 
As we can see from the existing Energy Performance Certificate (EPC) for Non-Domestic Buildings carried out in 2013, the certificate indicated that the current energy performance asset rating of D with a score of 88. 
The Benchmarks for a building similar to this one, could have a rating as follows –

	Benchmarks
	Score

	If Newly Built
	25

	If Typical to Existing Stock
	66

	This Building
	88


Figure 19. 


[bookmark: _Toc106183581]5.4 Benchmarking Breakdown 

Information available from Benchmarking and the existing EPC with these figures, we can see that the building is 25% less efficient than benchmarked buildings of similar stock. 
The electrical usage is greater than that of a  more energy efficient building benchmarked. 
This is due to inadequate natural daylight within the building,                                                                                                    resulting in the lighting being constantly active with limited controls in place to reduce wastage.  
The insufficient insulation and solar gain along with the lack of heating controls /timers has contributed to the excess usage of gas consumption and increased heating demand.
 The open plan office areas house a number of staff members with various roles, office based for the full day, site based and limited office time etc. These staff members sharing an open office, operating different activities and a variety of age and genders, it was found that it is difficult to achieve comfort levels to suit all parties.

             
[bookmark: _Toc106183582]6.0 Recommendations for a Retrofit Plan 

[bookmark: _Toc106183583]6.1 What is a Retrofit Plan 

Retrofitting a building, can collectively benefit the financial burdens of running the building, the carbon footprint and comfort levels of tenants. 
Bankers for Net-Zero estimate that the implementation of a long term retrofit programme could see annual savings on energy costs of £7.5bn, 150,000 green jobs created over a 10-year period and ending fuel poverty. Full decarbonisation of the build environment could also see a 20% reduction of the emissions required to meet net-zero (Mace, 2021)



Assessing the building as whole and integrating the building users for each project is paramount as every retrofit scheme is different. The most beneficial retrofit schemes understand the building and users needs before any works are scheduled, as building users comfort levels are as much of a part of the retrofit mindset as are reducing energy losses. 
LETI Quick Start Guide highlights six retrofit principles
1. Reduce energy consumption
2. Prioritise occupant and building health
3. Draw up a whole building retrofit plan
4. Measure the performance
5. Think big
6. Consider impact on embodied carbon 
LETI’s Climate Emergency Design Guide also offers guidance on what should be included in a retrofit plan to include, setting out key building information, constraints, risks, and opportunities. Setting out key works in sequence and planning continued monitoring of energy consumption (LETI, 2019)




[bookmark: _Toc106183584]6.2 Lighting 
The majority of the internal lighting being via T5, T8 or PLL lamps and the external lighting mostly SON type lamps.
 A lack of automatic controls and evidence of manual switches for control purposes, sees a pattern of energy wastage with lights constantly on in areas all day. 
With the buildings energy consumption base line ascertained, highlighting electricity consumption for the previous year with demand levels. It is evident that data evidence high levels of electricity usage during the working hours. 
Key strategies to reduce loadings, energy wastage and improve comfort levels include, carrying out lighting and lux level calculations to determine the correct comfort lux levels to suit the work area as per CIBSE lighting guides (CIBSE, 2012)
This will not only improve comfort levels to the end user but also a calculated approach to the lighting design will see a possible reconfiguration and reduction of fittings per area. Applied Energy states that we should consider not only energy consumption but visual comfort also. The lighting quality is a measure of quantity of light at a workspace or in a the room (Ikuzwe, 2020)
Replacement of all T5 T8 PL lighting to high efficiency LED fittings, with consideration to colour rendering to meet desired comfort levels per work area.


LED replacement requires a large investment but along with a high return in savings over a set time, advantages of LED lighting include –
· Long Lifespan contributing to low maintenance cost 
· Energy Efficiency  
· Improved Environmental Performance
· No Heat or UV Emissions
· Design Flexibility
· Instant Lighting and the Ability to Withstand Frequent Switching 

Anticipated savings for the LED replacement at Trostre Depot, are according to Phillips lighting (Philiips Lighting, 2022) for every 50no. T8 58w tubes that are operational for the 12 hours working day of the depot, and are replaced with a 22w LED equivalent tube the savings are around £1,680 per year. 
Installing occupancy controls to automatically switch off lights in rooms and areas with limited use and absence detectors in areas with high volume of staff to reduce nuisance switching and again improve comfort level and reduce wastage. Schnider Electric states that the savings to be made from the inclusion of intelligent lighting control exceeds 15% of the total energy bill (Schneider Electric, 2004)



[bookmark: _Toc106183585]6.3 Building Fabric Improvements 

The Carbon Trust estimates up to 60% of heat loss is through the building fabric of an office space (Carbon Trust , 2016). 
Following the initial inspection of the depot it was evident that improvement in the roof insulation is recommended from the 150mm within the office space to increase to 270mm2 to achieve a U value of 0.15 W/m2K and comply with Building regulations L1B, as significant adaptations to the building fabric thermal elements need approval and require the thermal insulation to meet stated U values (HM Government , 2014).
A roof space insulated with at least 270mm of insulation can see up to 50% reduction on heat loss compared to that with no insulation. 
Estimated cost of £7 per square meter for the installation of Rockwool insulation with an anticipated medium payback of between 3 and 7 years. We could see capital costs of £36,106 to install the recommended minimum 270mm of wool insulation.  

Anticipated Savings 

	Roof Insulation
	Saving 
Kwh/yr
	Saving 
£/yr
	Saving 
Co2

	Electricity 
	
	
	

	Gas
	2397.034
	167.79
	0.42

	Total 
	2397.034
	167.79
	0.42


Figure 20. 



For an anticipated Low payback of less than 3 years it is recommended that consideration of the building fabric air tightness be improved by repairing / replacing damaged doors and window seals. Improve draft seals and closing unused ventilation apertures. 
Consideration for improving solar gains by removing unwanted blinds and improvement to maintenance, cleaning routine.

[bookmark: _Toc106183586]6.4 Heating 

The efficiency of the boilers can be improved by introducing control systems to reduce operational inefficiencies. 
As well as improvements to the thermostat controls, it was highlighted that the boiler configuration has the potential to “dry cycle”. Dry cycle is when the boiler is on standby mode, the boiler will cool due to heat loss within the surrounding conditions, a small amount of that heat loss will contribute to continue to heat the building, but the majority is heat loss. 
Boilers have a temperature threshold, and when the temperature falls below that threshold and the boiler’s temperature sensors/ temperature controls detect the deficiency then the boiler will activate until the temperature is beyond that threshold. Resulting in the boiler operating only to fulfil this pre-set, even when there is no call for any heat within the building. 


Boiler dry cycling can waste as much as 25% of the fuel consumed by the boiler plant (BSEE, 2010)
The installation of the M2G boiler load optimisation controls can provide from 5% to 15% wasted energy reduction. The installation is a controller on each boiler and an estimated saving of 5% is anticipated following successful completion.


 Anticipated Savings 


	Optimisation Controls 
	Saving 
Kwh/yr
	Saving
£/yr
	Saving 
Co2

	Electricity 
	
	
	

	Gas
	7050.10
	493.50
	1.25

	Total 
	7050.10
	493.50
	1.25


Figure 21. 













[bookmark: _Toc106183587]6.5 Renewables 

A long payback period of more than 7 years is anticipated with the inclusion of installing roof mounted photovoltaic electricity generating panels (PV Solar Panels). 
It is recommended to install  123.2KW of roof mounted solar PV on the roof of Trostre Depot. The 123.2KW generating capacity will ensure that energy generated will be used on site rather than exporting back to the grid and contributing to a reduction in grid energy consumption helping to relieve pressures to the grid system and contribute to decarbonisation.
The system will comprise of 440 280W PV Panels. 
These are polycrystalline modules. Each panel measures approximately 1.0m by 1.7m in size and weighs approximately 19kg. 
The orientation will be south facing  and a panel tilt of between 5-10 degrees. 
The produced D.C energy output will be converted to 3-phase AC power by means of an inverter, ensuring compatibility with the buildings existing energy source. The system will also have a kW/h meter installed and will be compatible for feeding back excess energy produced back to the grid, but this is estimated to be minimal.
 Consideration will need to be taken for the integrity of the roof loadings and works will need to be carried out in accordance with the building Regulations 2010 and BS 7671 - 18th Edition - IET Wiring Regulations.
An estimated 65% reduction of energy usage and a capital cost of £200,000 we would anticipate a pay back period of 11 years.


Anticipated Savings 

	Solar PV 
	Saving 
Kwh/yr
	Saving
£/yr
	Saving 
Co2

	Electricity 
	101,589

	17270.31
	23.4

	Gas
	
	
	

	Total 
	101,589

	17270.31
	23.4


Figure 22. 



[bookmark: _Toc106183588]6.6 User Behaviour 

The occupant of a building has an influence on how efficient that building is to run just by their presence and the consequences of their behavioural actions, regarding thermal comfort, light usage/pollution, and air quality. 
Changes in behaviour and habits can impact on energy wastage. 
Paone states that building user behaviour can increase the efficiency of the energy used within that building (Paone, 2018). 
He also highlights studies undertaken in America on building user behaviours in office environments for energy conservation during out of office times, reports that less than 50% of equipment is turned off after the end of a working day and less than 10% of IT equipment is put on sleep mode when no longer in use (Paone, 2018).
Building owners generally won’t benefit from energy saving implementations for  a longer time but along with the occupants it is fundamental that there is a different, greener mentality approach considered by all to have a greater impact. 
It is recommended that the occupants’ behaviours are monitored and understood to help build new energy saving strategies and energy management techniques. 
 Training should be offered to adopt an energy saving mentality. adopt a workplace energy champion for employee participation that will empower  building users, build confidence in the building services, and develop a sense of ownership by all. 
 Energy reduction targets to be set by facility management and regular monitoring and reviews of procedures and strategies set in place.    
















[bookmark: _Toc106183589]9.0 Conclusion 

The report has evaluated the building fabric, the building services, user behaviour and the current maintenance strategies in place.  
It is evident that the energy consumption of the building and the needs of the occupants collectively interact and contribute to the efficiency of the day to day running. 
With the established baseline for the building current energy performance, we audited the energy performance of the building and established a medium term retrofit plan to improve the energy performance and ensure a pathway to reduce carbon emissions and be net zero carbon ready by 2050. 
Which included lighting upgrade, improved thermal insulation, retrofitting of boiler controls to ensure the heating system is working as efficiently as possible and a proposed solar PV installation to offset the considerable electricity consumption on site, become more self-reliant and help the site distance itself from the grid supply, which  is   an  essential  component  required  if  we  are  to eradicate  the  need  to burn  fossil  fuels,  reduce  our  carbon  emissions  and  keep us on track nationally  for our decarbonisation pathway.
 To continue to evolve the energy performance of the building it is crucial that there is continued monitoring in place and data is evaluated periodically to ensure set targets are achieved and a continuous improvement approach is adopted by building users. Building performance evaluation needs to be implemented into the facility managers periodical task, along with a preventative rather than reactive maintenance approach to ensure failures are addressed and resolved before any impact is observed to the occupant’s comfort levels and the buildings efficiency. 
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