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[bookmark: _Toc531096339]1.0 EXECUTIVE SUMMARY
[bookmark: _Toc531096340]1.1 Synopsis
Client Company Name based in Location is a business within the Parent Company Name group and has supplied xxxxxxx systems for over xx years to xxxxxx customers.
Built in 19XX, this 6,875 m2 facility comprises two separate two storey buildings, Building 1 and Building 2.  Typical of their time, both buildings are thermally lightweight with Building 1comprising aluminium clad external wall panels with polystyrene in-fill and Building 2 comprising steel corrugated external walls with glass-fibre in-fill and plasterboard lining.  The fenestration comprises the original double glazed units and a reflective solar film has been applied to much of this to reduce solar gain and afford heightened privacy.  The roofs of both buildings were over-clad in 20XX and were well specified to incorporated additional thermal insulation.  
[bookmark: _Hlk531096455]Grid imported electricity consumption during the period 16/06/2012 to 15/06/2013 inclusive [365-days] amounted to 1.45 GWh at an estimated cost of xxxx which equates to an average unit price (AUP) of xxxx/kWh inclusive of standing charges, levies and VAT.  
Natural gas consumption by the boilerplant and kitchen over the period June 2013-July 2013 is estimated at 0.9 GWh at a cost of xxxxxxx; an AUP of xxxx/kWh inclusive of standing charges, levies and VAT.  
Specific annual energy performance is calculated at 211 kWh/m2 for electricity and 131 kWh/m2 for thermal energy.  Carbon emissions as a result of energy usage over the period analysed equated to 812tCO2.  
The standard of facilities and property management observed during the visit was generally assessed as being higher to that typically seen in similar sites and local staff are to be commended for delivering what is clearly a high quality, end-user focussed service.  However, the standard of energy management was assessed as being typical to that commonly seen in similar facilities.  The limited management resource and information available to on-site staff coupled with the functional limitations of the local controllers associated with the various building services and engineering systems conspire against effective resource management.  
The profile of electricity usage indicates that a considerable percentage of consumption is occurring outside of normal business hours.  Whilst some of this usage will be legitimate arising from the operation of the computer/data servers, CCTV, security and control systems and external lighting, much of it is likely avoidable waste arising from lighting, equipment and building services systems operating when not required.  The site visit also identified a number of opportunities to upgrade aging and inefficient lighting, boiler and control systems.  
A proactive and structured approach to energy management that encompasses strategy, policy and operational improvements, coupled with investment in energy efficient equipment offers the potential to reduce the annual energy consumption at the site by around a third and reduce energy costs by a quarter.  A capital investment of around capital investment cost value should deliver annual cost savings cost savings value at current prices.
NB: Owing to the nature of activities conducted at the site, we were unable to survey some parts of the business and hence unable to firmly establish the operational requirements of some systems e.g. motor-generators and compressed air.  However, assumptions have been made based on the information available and these have been stated to allow ‘sense-checking’ by the relevant stakeholders.
  
[bookmark: _Toc342676161][bookmark: _Toc531096341][bookmark: _Toc288829630][bookmark: _Toc334360963]1.2 “At a glance” summary
· The Location site is typical of many office and R&D facilities in which provision of reliable and resilient building services is paramount and the absence of an energy policy and strategy means that systems and equipment are frequently left on unnecessarily.  
· Analysis of half-hourly electricity data shows that over 40% of the annual electricity usage occurs outside of core business hours.  
· Although a small number of energy-focused/beneficial projects have been implemented at the site in recent times, it is clear that energy efficiency and energy management has not always been prioritized and there are several key opportunities to improve the energy performance of specific systems, along with general measures to improve site energy management.
· The development and implementation of an energy management policy and strategy will give structure to efforts going forward.  In particular, the establishment of SMART targets and clear lines of responsibility and accountability will provide key drivers to optimise energy and water usage.
· The current level of available utility data and management information is substantially below that expected for a facility of this size.  The service being provided to Parent Company Name by their energy data vendor (vendor name) should be reviewed to ensure it reflects what is needed.  Proactive energy management requires accurate, timely information and intelligence that enables rapid corrective action to be taken.
· The installation of a comprehensive energy metering, monitoring and targeting system will furnish local management with the insights they require to optimise energy usage throughout the facility.  
· There are various heating, ventilation and air conditioning (HVAC) systems throughout the site some of which are currently under local control which falls short of best practice.  An energy management system (EMS) will deliver significant savings and allow logging and analysis of internal temperatures to demonstrate that HVAC systems only operating to maintain the desired internal conditions during periods of occupancy. 
· Artificial lighting accounts for around 14% of energy used and is generally provided by aging switch-start fluorescent luminaires.  Replacing these in areas of high usage with modern, efficient LED alternatives will deliver substantial energy cost savings at an attractive rate of return and reduce maintenance costs.  
· The existing boilers have a specification efficiency of only 78% and although there is only a weak business case for replacing them as an energy project, they are approaching the end of their economically serviceable life.  However, we would also encourage a wider review into the provision of HVAC services e.g. the use of a VRV heat pump system(s) that allows simultaneous heating and cooling.
[bookmark: _Toc531096342]1.3 Key energy saving opportunities
Table 1 summarises the key energy saving opportunities for the Location site.  
	Ref
	Recommendation
	Estimated annual savings
	Economics

	
	
	Electricity
	Gas
	Cost
	Payback

	
	
	kWh
	[Input currency]
	tCO2
	kWh
	[Input currency]
	tCO2
	[Input currency]
	Years

	1
	Development and implement a site-wide energy management policy and strategy
	 
	 
	 
	 
	 
	 
	 
	 

	2
	Implement a comprehensive energy monitoring and targeting system
	
	
	
	
	
	
	
	

	3
	Install a site-wide energy management system (EMS) to exercise optimised time and temperature control over HVAC systems
	
	
	
	
	
	
	
	

	4
	Instigate a comprehensive staff awareness and motivation resource efficiency campaign
	
	
	
	
	
	
	
	

	5
	Replace inefficient luminaires in areas of high usage with modern alternatives and deploy lighting controls for absence detection
	
	
	
	
	
	
	
	

	6
	Replace aging LPHW boilers modern high efficiency boilers to provide optimised heating requirements
	
	
	
	
	
	
	
	

	7
	Implement a planned maintenance schedule for detecting and repairing compressed air leaks
	
	
	
	
	
	
	
	

	Total
	 
	
	
	
	
	
	
	
	


· Table 1 – Summary of key energy efficiency opportunities
In addition to these key recommendations several other opportunities have been identified and are detailed throughout the report. 
In summary, embracing proactive energy management policies and energy efficiency investments presents Parent Company Name with an excellent opportunity to reduce their energy expenditure and mitigate the impacts of rising energy prices., as summarised in Figure 1.
[image: ]
· Figure 1 – Projected annual energy costs for Client Company Name
Another way of viewing this chart is to appreciate that enter energy saving potential value effectively represents the cost of inaction should Parent Company Name continue along a business as usual trajectory.  
NB: Where stated, investment costs are given are estimates based on our experience and are provided for guidance purposes only.  Full, detailed business plans should be prepared for all capital investments being considered as a result of this report.  
Consultancy Name would be delighted to provide Parent Company Name with a commercial proposal to:
· Develop investment grade business cases for implementing the recommendations listed;
· Source, high quality solution providers and where, appropriate, facilitate a tender process through the production of performance specifications and invitation to tender documentation; and/or 
· Provide an independent, professional assessment of supplier proposals and a monitoring and verification service.
Should Company Name prefer to progress implementation in-house we recommend they engage high-quality, competent contractors with a proven track record in their specialism.  



[bookmark: _Toc531096343]2.0 INTRODUCTION
Client Company Name has a wide expertise in offering turnkey projects, integrated system design and niche product solutions, using in house technology, specialist third party products and commercial-off-the-shelf technology.  Employing a skilled workforce comprising of a high proportion of hardware and software engineers, many of whom have Chartered Engineer status, Client Company provides a complete engineering service from concept through design and development to manufacture and support.  Its customer base includes XXXXXXXX in addition to export customers around the globe.
This report seeks to support Client Company Name to development and implement an optimised energy strategy for the Location site.  
The findings in this report are based on information provided Client Company Name and observations made during a site visit by one of Consultancy Name’s engineers, Consultant’s Name, Qualification, BEng(Hons), CEng, CIBSE, MEI.  The site visit took place on 17th July 2013 and we are grateful for the support and interest shown in this initiative by all the Location staff we engaged, specifically:
· XXXXX XXXXX – Property & Facilities Manager
· XXXXX XXXXX – Facilities Officer
· XXXXX XXXXX – Health & Safety Officer 
The records and reports provided by the above were detailed and extremely helpful to the engagement.  This report details the most significant and cost effective opportunities that will have the greatest influence on reducing energy costs and consumption and outlines a number of additional opportunities that should be explored further by Client Company Name.
3.0. [bookmark: _Toc342492290][bookmark: _Toc342676164][bookmark: _Toc356035378][bookmark: _Toc356127035][bookmark: _Toc356134281][bookmark: _Toc364088025][bookmark: _Toc371345635][bookmark: _Toc531096240][bookmark: _Toc531096344]
3.1. [bookmark: _Toc342492291][bookmark: _Toc342676165][bookmark: _Toc356035379][bookmark: _Toc356127036][bookmark: _Toc356134282][bookmark: _Toc364088026][bookmark: _Toc371345636][bookmark: _Toc531096241][bookmark: _Toc531096345]
4. [bookmark: _Toc342492292][bookmark: _Toc342676166][bookmark: _Toc356035380][bookmark: _Toc356127037][bookmark: _Toc356134283][bookmark: _Toc364088027][bookmark: _Toc371345637][bookmark: _Toc531096242][bookmark: _Toc531096346]
5. [bookmark: _Toc342492293][bookmark: _Toc342676167][bookmark: _Toc356035381][bookmark: _Toc356127038][bookmark: _Toc356134284][bookmark: _Toc364088028][bookmark: _Toc371345638][bookmark: _Toc531096243][bookmark: _Toc531096347]
6. [bookmark: _Toc342492294][bookmark: _Toc342676168][bookmark: _Toc356035382][bookmark: _Toc356127039][bookmark: _Toc356134285][bookmark: _Toc364088029][bookmark: _Toc371345639][bookmark: _Toc531096244][bookmark: _Toc531096348]
6.0. [bookmark: _Toc342492295][bookmark: _Toc342676169][bookmark: _Toc356035383][bookmark: _Toc356127040][bookmark: _Toc356134286][bookmark: _Toc364088030][bookmark: _Toc371345640][bookmark: _Toc531096245][bookmark: _Toc531096349]
2.1 [bookmark: _Toc531096350]Scope of energy review
The agreed focus for the energy review was to: 
a) Review existing energy policy, strategy and operational plans;
b) Provide expert data analysis and commentary;
c) Conduct a site visit and assessment;
d) Model cost and environmental impact of the existing systems; and
e) Outline cost-benefit analysis for recommendations.
[bookmark: _Toc288829631][bookmark: _Toc334360964][bookmark: _Toc531096351]
3.0 ENERGY CONSUMPTION AND COSTS
1. [bookmark: _Toc342327481][bookmark: _Toc342398794][bookmark: _Toc342486390][bookmark: _Toc342490721][bookmark: _Toc342492298][bookmark: _Toc342676172][bookmark: _Toc356035387][bookmark: _Toc356127044][bookmark: _Toc356134290][bookmark: _Toc364088033][bookmark: _Toc371345643][bookmark: _Toc531096248][bookmark: _Toc531096352]
1. [bookmark: _Toc342327482][bookmark: _Toc342398795][bookmark: _Toc342486391][bookmark: _Toc342490722][bookmark: _Toc342492299][bookmark: _Toc342676173][bookmark: _Toc356035388][bookmark: _Toc356127045][bookmark: _Toc356134291][bookmark: _Toc364088034][bookmark: _Toc371345644][bookmark: _Toc531096249][bookmark: _Toc531096353]
1. [bookmark: _Toc342327483][bookmark: _Toc342398796][bookmark: _Toc342486392][bookmark: _Toc342490723][bookmark: _Toc342492300][bookmark: _Toc342676174][bookmark: _Toc356035389][bookmark: _Toc356127046][bookmark: _Toc356134292][bookmark: _Toc364088035][bookmark: _Toc371345645][bookmark: _Toc531096250][bookmark: _Toc531096354]
9. [bookmark: _Toc531096355]Energy consumption and cost data
Parent Company Name kindly provided the raw energy consumption data analysed throughout this report.  
The key energy data sets used to inform this report are:
· HD Client Company.csv : comprehensive half-hour electricity data covering the period 15 June 2012 – 15 June 2013
· HD Client Company2.csv : comprehensive half-hour electricity data covering the period 15 June 2012 – 15 June 2013
· XXXX 2011.xls : monthly on-site utility meter readings for January-December 2011
· XXXX 2012.xls : monthly on-site utility meter readings for January-December 2012
· XXXX 2013.xls : monthly on-site utility meter readings for January-December 2013
Best practice energy management for a facility of this size requires the installation of a comprehensive automatic energy metering, monitoring and reporting system.  This is discussed further in the report.
Energy costs used through the report are based on the utility bills supplied by Parent Company Name for:
· Electricity : Supplier Name bills for June 2013
· Natural Gas : Supplier Name bills for March 2013. 
Tables 2 & 3 summarises the energy billing data.
	Building
	kWh
	Gas cost
	Unit price (net)
	Standing Charge
	CCL
	VAT
	Total
	Average unit price

	1
	
	
	
	
	
	
	
	

	2
	
	
	
	
	
	
	
	

	Total/Ave
	
	
	
	
	
	
	
	



·  Table 2 – Gas billing data for March 2013


	Jun-13
	Building 1
	Building 2

	Billing element
	Unit price
	Units
	Totals
	Unit price
	Units
	Totals

	Capacity charge MD kVA
	
	
	
	
	
	

	Monthly MD kVA
	
	
	
	
	
	

	Monthly MD KW
	
	
	
	
	
	

	Average power factor
	
	
	
	
	
	

	Day units (07:00-23:00)
	
	
	
	
	
	

	Night units (23:00-07:00)
	
	
	
	
	
	

	% Night units / cost
	
	
	
	
	
	

	DUoS monthly charge
	
	
	
	
	
	

	DUoS capacity charge
	
	
	
	
	
	

	DC & DA charge
	
	
	
	
	
	

	Reactive power/kVArh
	
	
	
	
	
	

	Levy exempt energy
	
	
	
	
	
	

	Subtotal
	
	
	
	
	
	

	AUP net
	
	
	
	
	
	

	VAT
	
	
	
	
	
	

	Total
	
	
	
	
	
	

	AUP inc
	
	
	
	
	
	


· Table 3 – Electricity billing data

The reactive charges levied for Building 2 are due to the poor (low) ‘power factor’ recorded during the month:
· Minimum power factor = 0.71
· Average power factor = 0.86
· Maximum power factor = 0.97
These charges are easily avoided by up-grading the power factor correction capacitors at the main distribution unit; a measure that is usually highly cost effective.  The average power factor for Building 1 during this period was 1.0 (ideal value).
Energy procurement will not reduce the amount of energy you use, but it may reduce the cost that you pay for that energy and will usually prevent being overcharged through improved awareness of the way the market operates.
A recent study by the energy regulator revealed that many companies were paying in excess of 30% more for their energy supply than they needed to.   In some instances companies were paying twice the market rate for their energy due to their contracts being automatically “rolled over” or renewed with higher costs than those that applied under the initial contract that the customer signed up for.  You should ensure that you are familiar with the terms of your utility contracts, avoid automatic ‘rollover’ renewals and test the market for competitive prices.
Throughout this report we have used the ‘net’ average unit prices for electricity and gas to calculate the projected energy cost savings associated with various interventions as this represents the true saving opportunity (neglecting fixed cost elements such as standing charges). 
9. [bookmark: _Toc531096356]Overview
Electricity consumption during the period 16/06/2012 to 15/06/2013 inclusive [365-days] amounted to 1.45 GWh at an estimated cost of xxxxxxx which equates to an average unit price (AUP) of xxxx /kWh inclusive of standing charges, levies and VAT.  Natural gas consumption by the boilerplant and kitchen over the period June 2013-July 2013 is estimated at 0.9 GWh at a cost of xxxxxx; an AUP of xxxxx/kWh inclusive of standing charges, levies and VAT.  
A summary breakdown of assessed annual energy consumption for Client Company Name, Location is given in Table 4 and represented in Figure 2 below.  
	 
	Consumption
	Cost

	Utility
	kWh
	% of Total
	[Input currency]
	% of Total

	Electricity
	
	
	
	

	Natural gas
	
	
	
	

	Total
	
	
	
	


· Table 4 – Annual energy consumption and cost
[image: ]  	(a) Energy consumption		      	      (b) Energy cost
· Figure 2 – Breakdown of annual energy consumption and cost
[bookmark: _Toc329768168][bookmark: _Toc334360965][bookmark: _Toc531096357][bookmark: _Toc288829633]4.0 CHARACTERISTICS OF ENERGY USE AT CLIENT NAME, LOCATION
9.2. [bookmark: _Toc342327489][bookmark: _Toc342398802][bookmark: _Toc342486398][bookmark: _Toc342490729][bookmark: _Toc342492306][bookmark: _Toc342676177][bookmark: _Toc356035393][bookmark: _Toc356127050][bookmark: _Toc356134296][bookmark: _Toc364088039][bookmark: _Toc371345649][bookmark: _Toc531096254][bookmark: _Toc531096358]
9.3. [bookmark: _Toc342327490][bookmark: _Toc342398803][bookmark: _Toc342486399][bookmark: _Toc342490730][bookmark: _Toc342492307][bookmark: _Toc342676178][bookmark: _Toc356035394][bookmark: _Toc356127051][bookmark: _Toc356134297][bookmark: _Toc364088040][bookmark: _Toc371345650][bookmark: _Toc531096255][bookmark: _Toc531096359]
1. [bookmark: _Toc342327491][bookmark: _Toc342398804][bookmark: _Toc342486400][bookmark: _Toc342490731][bookmark: _Toc342492308][bookmark: _Toc342676179][bookmark: _Toc356035395][bookmark: _Toc356127052][bookmark: _Toc356134298][bookmark: _Toc364088041][bookmark: _Toc371345651][bookmark: _Toc531096256][bookmark: _Toc531096360]
1. [bookmark: _Toc342327492][bookmark: _Toc342398805][bookmark: _Toc342486401][bookmark: _Toc342490732][bookmark: _Toc342492309][bookmark: _Toc342676180][bookmark: _Toc356035396][bookmark: _Toc356127053][bookmark: _Toc356134299][bookmark: _Toc364088042][bookmark: _Toc371345652][bookmark: _Toc531096257][bookmark: _Toc531096361]
11. [bookmark: _Toc531096362]Energy consumption by end-use
The absence of energy sub-metering throughout the facility makes it impossible to accurately identify where energy is being used.  However, through a combination of benchmarking of similar facilities[footnoteRef:1] and information collected during the site visit, we have been able to model the annual energy usage according to the main activities occurring on the site.  This is summarised in Table 5 and Figure 3.     [1:  CIBSE Table 20.9 Offices: system and building energy benchmarks] 

	Client Company Name, Location
	Annual energy consumption kWh

	End-use
	Good
	Typical
	Assessed

	Gas/oil heating & DHW
	         600,188 
	    1,101,375 
	         844,566 

	Fans, pumps & controls
	         185,625 
	        371,250 
	         385,241 

	Lighting
	         167,063 
	        334,125 
	         331,798 

	A/C & ventilation
	           86,625 
	        191,813 
	         199,041 

	Office equipment
	         142,313 
	        191,813 
	         183,774 

	Electric motor-generators
	 
	 
	         124,230 

	Computer/comms rooms
	           86,625 
	        111,375 
	         115,572 

	Catering gas
	                    -   
	                   -   
	            55,688 

	Other electricity
	           43,313 
	          49,500 
	            51,365 

	Catering electricity
	           30,938 
	          37,125 
	            38,524 

	Compressed air
	 
	 
	            23,400 

	Humidification
	           49,500 
	        111,375 
	                     -   

	Total gas/oil
	 
	 
	         900,254 

	Total electricity
	 
	 
	     1,451,073 


· Table 5 – Assessed breakdown of energy usage by activity
Where appropriate the assessed figures for Location are derived from benchmarks for a ‘standard’ air conditioned office and based on a treated area equivalent to 95% of the gross floor area of 6,875m2.
[image: ]
· Figure 3 – Breakdown of annual electricity usage by activity
[bookmark: _Toc342676183][bookmark: _Toc531096363]Analysis of natural gas usage
Space heating is principally provided by a combination of:
· Natural gas fuelled boilers serving low temperature hot water circuits to radiators; and 
· Refrigerant based heat-pump/VRF systems providing warm air through ceiling and wall mounted indoor units.
Additionally, there are a number of fixed direct-electric convector heaters (see photographs in Appendix).  
The vast majority (>93%) of the natural gas used at Client Name, Location is assessed as being for space heating purposes.   A standard method of assessing the degree of control of space heating systems is to correlate energy usage to degree-days using regression analysis.  In essence, degree-days are the summation of temperature differences over time, and hence they capture both extremity and duration of outdoor temperatures.  Well controlled systems display a close correlation of actual energy usage to the corresponding number of degree-days i.e. during periods where there are a high number of degree-days we should expect to see a corresponding increase in energy usage.  
Figures 4-11 show the monthly plot of gas consumption against degree-days for each building/boilerhouse (Building 1 a,b,c and Building 2) and the associated linear regression analysis line fit plot over the analysis period July 2012 – June 2013.
The linear regression line is commonly known as the ‘building energy performance’ line.  The equation of the line [e.g. for C1: y = 121.49x – 7310.9] indicates that the base load of the building i.e. the monthly year-round minimum requirement is negative 7,310 kWh (suggesting a poor correlation with the base-temperature and/or other sources of heat within the building as is the case here) and the slope suggests that 121.49 kWh of energy is consumed for every degree-day.  R2 is a number between 0 and 1.  The higher the number, the more the regression model can be relied on so a figure of 0.65 for Building 1a indicates a poor correlation of performance suggesting poor time and/or temperature control of the heating systems and/or the influence of other systems and heat gains within the building. 
We would encourage the routine and regular usage of degree-day analysis as part of a comprehensive energy management programme at Location with action taken to investigate significant departure from predicted energy usage.
[image: ]
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[bookmark: _Toc531096364]Commentary on natural gas usage
None of the above charts reflect profiles/curves expected in well controlled heating systems and having surveyed the site and review the data we are of the opinion that there is significant interplay between the boiler based and heat pump/VRV heating systems.  As the two systems operate independently it is highly likely that there are occasions when they are in conflict i.e. simultaneously trying to heat and cool spaces.  
Analysis of gas consumption data also indicates thats boiler are running for extending periods, significantly in excess of that associated with a facility of this type.  Apart from kitchen usage, domestic hot water (DHW) requirements are modest being confined to hand washing and shower loads.  However, dividing the annual gas consumption in each building by the associated total rated boiler capacity equates to the boilers operating at full rating for the following hours annually:
· 

Energy Review, Client Company Name, Location
Month Year Page | 8


· Building 1a = 4,100
· Building 1b = 3,860
· Building 1c = 1,350
· Building 2 = 4,040

A generous ‘heating season’ period of 36 weeks with the heating required for 12 hours/day 5.5 days/week would equate to around 2,400 hours and neither the DHW loads or the poor (low) efficiency rating of the boiler plant (78% specification figure) satisfactorily explain the high gas consumption.  We can only conclude that the boilers are running for extended hours outside of business hours and/or they are working against the separate heat pump/VRV systems.
Indications of the former can be found in the control settings of some of the Drayton optimisers which are programmed to have the buildings up to occupancy set-point temperature by 06:00 hours with a 2-4 hours preheat period i.e. the boilers can fire from 02:00/04:00 hours onwards depending upon the prevailing internal and external temperatures.  It is recommended later in this report that a modern, web-enabled building energy management system be installed to replace these local controllers but meantime the operating hours should be reprogrammed to the actual core occupancy hours of the buildings. 

[bookmark: _Toc531096365]Analysis of electricity usage
Having extensively analysed the half-hourly electricity data for Buildings 1 & 2, we present in Figures 12-23 a summary of our analysis.  For each chart type we have shown Buildings 1 & 2 together to facilitate and encourage comparison (noting the different scales on some charts).
These charts contain a lot of useful insights and intelligence into patterns of electricity usage at Client Company, Location and we recommend local management study them and initiate appropriate actions off the back of same to reduce the levels of avoidable waste occurring. 
[image: ]
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[bookmark: _Toc531096366]Commentary on electricity usage
One of the key observations from these charts is the high percentage of electricity usage occurring outside of core business hours.  The installation of a comprehensive, site-wide utility metering, monitoring and targeting system is key recommendation of this report.  However, until such a system is operational, we encourage the timely accessing and analysis of half hourly data that is available from the site’s utility suppliers and action to minimise consumption outside of opening hours.  The objective is to ensure that only business-critical, legitimate loads are energised outside of core working hours.  Such loads may include: 
· Servers, comms rooms and associated cooling loads; 
· Test equipment;
· Security & emergency lighting;
· Security & fire protection systems such as CCTV, intruder detection systems; and
· Refrigerators.
All other, non-business-critical loads should be safely switched-off.  To support this action, we recommend that ‘start-up & shut-down’ procedures are developed for the site that target energy using equipment on a service and departmental basis.
Energy profile charts – along the lines of those presented above – should be regularly reviewed by the Property & Facilities Manager and local management who should use the insights gained from them to challenge patterns of consumption, especially high baseloads.





[bookmark: _Toc531096367]5.0 KEY ENERGY SAVING OPPORTUNITIES
12. [bookmark: _Toc342486407][bookmark: _Toc342490738][bookmark: _Toc342492315][bookmark: _Toc342676186][bookmark: _Toc356035404][bookmark: _Toc356127061][bookmark: _Toc356134307][bookmark: _Toc364088049][bookmark: _Toc371345659][bookmark: _Toc531096264][bookmark: _Toc531096368]
12. [bookmark: _Toc531096369] Context
The Company Name, Location site is typical of many office and R&D facilities in which provision of reliable and resilient building services is paramount and the absence of an energy policy and strategy means that systems and equipment are frequently left on unnecessarily.  Analysis of half-hourly electricity data shows that over 40% of the annual electricity usage occurs outside of core business hours.  
Although a small number of energy-focused/beneficial projects have been implemented at the site in recent times, it is clear that energy efficiency and energy management has not always been prioritized and there are several key opportunities to improve the energy performance of specific systems, along with general measures to improve site energy management.
The recommendations below detail the key actions and opportunities for achieving sustained energy, carbon and cost reductions at Location.
NB: Where stated, investment costs are given are estimates based on our experience and are provided for guidance purposes only.  Full, detailed business plans should be prepared for all capital investments being considered as a result of this report.  Parent Company Name should ensure that they procure energy efficient equipment and claim all associated tax allowances and other incentives, as appropriate.  
12.1. [bookmark: _Toc342676188][bookmark: _Toc531096370]Develop and implement an energy management policy & strategy for Client Name
Rationale
Energy management efforts would be facilitated by having a discrete, focussed policy and strategy that carries the endorsement of the senior management team.  The policy should be a clear statement of commitment to proactively minimise energy and water wastage at the site and provide the basis for a detailed strategy that articulates targets, timeframes, responsibility, accountability and reporting requirements.  
A structured, auditable approach such as those associated with ISO 50001:2011 Energy Management Systems would serve as useful reference sources in the development of the strategy.
Comments
In and of itself, a policy and strategy document will not deliver substantial savings, however for energy and water to be managed as a controllable resource it is vital that a coherent framework exists in order to give structure and substance to on-going efforts.
In addition to detailing the items listed above, the strategy should contain: 
· Energy, water and waste key performance indicators (KPIs); 
· SMART targets;
· Reporting requirements;
· Utility procurement procedures; and
· Capital investment criteria.
The outworking of this recommendation should be used to strengthen with the site’s ISO14001 environmental management system.
[bookmark: _Toc531096371]Implement a comprehensive energy monitoring & targeting system
Rationale
To measure is to know: “If you cannot measure it, you cannot improve it.” Lord Kelvin, Physicist and Engineer.  
The current level of available energy data and management information is below that expected for a facility of this size.  Proactive energy management requires accurate, timely information and intelligence.  The installation of a comprehensive energy sub-metering, monitoring and targeting (MM&T) system will furnish local management with the insights required to optimise utility systems throughout the site.
At a basic level an MM&T system entails four key steps:
1) Date collection – via  utility and sub-meters;
2) Data analysis – turning data to information;
3) Communication – turning information to insights and knowledge; and
4) Action – turning knowledge to results.
An effective MM&T system will give:
· Timely, relevant information on energy use;
· The ability to investigate the energy performance of buildings and processes;
· Energy reports to support accountability for energy use; and
· The ability to verify savings made following project implementation.
One of the most important factors in implementing a successful MM&T system is the identification and establishment of ‘energy accountable centres’ (EACs) within which sub-meters are to be installed and reported on.  These commonly comprise individual buildings/departments as well as engineering systems such as HVAC equipment and lighting circuits.  By so doing, the energy consumption can be measured, monitored and related to appropriate causal variables and factors such as degree-days (HVAC equipment); burn hours (lighting circuits).  Other potential EACs at Client Name, Location include: kitchen (electricity, gas and water); motor-generators and associated ventilation systems; compressed air systems.
Beyond the installation of sub meters and data loggers the MM&T system will require a software package to collate, analyse and report usage and processes will need to be established to act on the knowledge and intelligence derived from the system.  Useful reports commonly obtained from MM&T systems include:
· Comparator reports showing month-on-month/year-on-year performance;
· Degree-days regression analysis plots;
· CUSUM charts;
· Exception reports alerting consumption beyond user-set limits;
· Specific energy performance e.g. kWh/m2; and
· Out-of-hours consumption reports.
We recommend putting an appropriate MM&T system in place prior to the roll-out of an energy reduction strategy in order that the impact of the latter can be accurately tracked and reported on.  
Indicative cost-benefit analysis
	Estimated annual savings
	Economics

	Electricity
	Gas
	Cost
	Payback

	kWh
	[input currency]
	tCO2
	kWh
	[input currency]
	tCO2
	[input currency]
	Years

	      116,086 
	
	52
	     27,008 
	
	          5 
	
	1.6



Figure 24 illustrates the projected Year 0-10 cumulative cash flow associated with this investment based on an average energy price inflation of 6%.
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[bookmark: _Toc531096372]Instigate a comprehensive staff awareness and motivation energy efficiency campaign 
Rationale
Workforce engagement is a key aspect of any energy management programme.  Our experience shows that, typically, around three-quarters of staff in a workforce are keen to help their employer reduce their environmental impact, including levels of energy wastage.  However, most workforces do not feel engaged by their employer and lack guidance, direction and impetus to take action.  We recommend that all Client Company Name, Location staff are closely involved in energy reduction efforts. 
It is important to understand that workforce engagement is more than the displaying of posters and stickers that frequently characterise many ineffective campaigns (although these along with properly maintained display boards have an important role to play).
Any effort to engage the workforce must:
· Include everyone from the Chief Executive to the part-time worker;
· Be part of an overall energy management strategy;
· Involve general awareness training for all staff and specialist training for some; and
· Provide regular feedback on progress towards targets.
Staff engagement typically leads to energy savings in two ways. The first is by people changing their day-to-day behaviour and the second is through the ideas that staff generate.
Comments
Energy management requires knowledge and skill which must be imparted to staff through an effective training programme.  An energy training needs assessment should be conducted.  Consultancy Name would be delighted to provide Client Company Name with a commercial proposal to develop appropriate training material for staff and to support the delivery of same.
Indicative cost-benefit analysis
	Estimated annual savings
	Economics

	Electricity
	Gas
	Cost
	Payback

	kWh
	[input currency]
	tCO2
	kWh
	[input currency]
	tCO2
	[input currency]
	Years

	
	
	
	
	
	
	
	



The estimated cost of xxxxxx is for the development of a training pack using an external provider.
12.2. [bookmark: _Toc342676194][bookmark: _Toc531096373]Install a site-wide energy management system  
Rationale
The controllers exercising time and temperature control of the natural gas fired boiler systems are dated, obsolete in terms of serviceability and do not provide supervisory control or the necessary logging capability to ensure optimal management.  With around 80 separate heat pump/VRV systems having a total installed capacity of around 840kW, the Location site is arguably over-provisioned for with regards to comfort cooling.  The installed cooling capacity equates to around 136 Watts/m2 across the whole site which is higher than that expected.  It is therefore imperative that all systems are closely controlled with respect to time and temperature settings to ensure that they only operate when essential and never in conflict with the gas fuelled heating systems.  The full functionality of the i-Controller should be exploited and those systems under local open control should be routinely checked to ensure setting match requirements.
An energy management system (EMS) would allow optimum on/off switching of HVAC systems and interlocking to prevent simultaneous heating and cooling, thereby delivering significant energy savings.  Furthermore, logging and analysis of internal, external, flow and return temperatures will demonstrate that HVAC systems only operate to maintain the desired internal conditions.  

Comments
It is often observed that the use of heat pumps for comfort cooling can rapidly ‘proliferate’ through buildings.  The buildings at Location appear to have been originally designed without comfort cooling and a review of the average external temperatures experienced in the locality suggests that cooling should only be required a small number of hours annually.
	Month
	Max. temp
	Min. temp

	
	(°C)
	(°C)

	Jan
	6.2
	1.4

	Feb
	6.5
	1.2

	Mar
	9.5
	2.9

	Apr
	12.2
	4.4

	May
	15.6
	7.3

	Jun
	18.8
	10.1

	Jul
	21.2
	12.3

	Aug
	20.9
	12.2

	Sep
	17.7
	10.2

	Oct
	13.5
	7.6

	Nov
	9.3
	4.2

	Dec
	6.6
	2

	Annual
	13.2
	6.3


· Table 6 – Average climate in XXXXXXXX 1981-2010
Going forward, the requirements for mechanical comfort cooling should be critically challenged and steps should be taken to reduce the heat gains in spaces deemed candidate for conditioning by for example:
· Deploying external solar-shading devices on southerly facing aspects;
· Applying solar film to fenestration;
· Providing internal blinds to reduce solar gain;
· Installing local extract systems to remove unwanted heat gain from processes;
· Using low energy lighting.
[bookmark: _GoBack]Additionally, consideration should always be given to the use of natural ventilation and/or night cooling strategies ahead of the installation of refrigerant/mechanical based systems.  We recommend that Parent Company Name takes the opportunity to consider options for combining systems to maximise the opportunity to recover and re-use heat from parts of the building with process cooling loads (e.g. computer/server rooms and possible the motor-generator rooms) to areas most frequently requiring heating.
Analysis of the energy data strongly suggests that heating and heat pump/VRV systems are operating outside of close time and temperature control and in conflict.  An EMS will allow local management to control operating regimes and to closely monitor the performance of the heating systems.  Consideration should be given to using a wireless system to keep installation costs down and also explore integrating the MM&T system into the EMS.
Indicative outline cost-benefit analysis
	Estimated annual savings
	Economics

	Electricity
	Gas
	Cost
	Payback

	kWh
	[Input currency]
	tCO2
	kWh
	[Input currency]
	tCO2
	[Input currency]
	Years

	
	
	
	
	
	
	
	


 
Figure 25 illustrates the projected Year 0-10 cumulative cash flow associated with this investment based on an average energy price inflation of 6%.
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[bookmark: _Toc531096374]Replace aging, inefficient luminaires with modern alternatives
Rationale
Artificial lighting accounts for around 14% of energy used at Location and is generally provided by aging switch-start fluorescent luminaires with some very inefficient tungsten and tungsten halogen (e.g. boardroom, FRES, atrium).  Replacing these in areas of high usage with modern, efficient LED alternatives will deliver substantial energy cost savings at an attractive rate of return and reduce maintenance costs.  LED lamps commonly offer a lamp-life in excess of 50,000 (to L70 – light output reducing to 70% of initial lumens) which means 2-4 lamps replacement cycles will be avoided.  
Fluorescent tubes with a rating of 58 watts would typically be replaced with LED alternatives rated at 23 watts; a 67% reduction in circuit load.

Indicative cost-benefit analysis
	Estimated annual savings
	Economics

	Electricity
	Gas
	Cost
	Payback

	kWh
	[Input currency]
	tCO2
	kWh
	[Input currency]
	tCO2
	[Input currency]
	Years

	
	
	
	
	
	
	
	



Figure 26 illustrates the projected Year 0-10 cumulative cash flow associated with this investment based on an average energy price inflation of 6%.
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[bookmark: _Toc531096375]Replacement aging LPHW boilers with modern, efficient boilers
NB: Implementation of this recommendation should only be considered only as part of a wider review into the provision of HVAC services throughout the buildings.  As previously stated, a move to consolidate, building-wide VRV heat pump systems that allows simultaneous heating and cooling in different areas could deliver significantly improved efficiencies and provide a more cost effective solution.
The existing boilers have a specification efficiency of only 78% (and are likely performing at a much lower efficiency; recent combustion efficiency report were not available during the site visit) and although there is only a weak business case for replacing them as an energy project, they are approaching the end of their economically serviceable life.  If a LPHW system is to be retained as part of any significant refurbishment, replacing the existing boilers with modern, high efficiency (>95%) boilers will provide a significant energy savings.  The figures and chart below are based on the ‘optimized’ energy requirements i.e. after effective time/temperature controls have been installed.
	Estimated annual savings
	Economics

	Electricity
	Gas
	Cost
	Payback

	kWh
	[Input currency]
	tCO2
	kWh
	[Input currency]
	tCO2
	[Input currency]
	Years

	
	
	
	
	
	
	
	


Figure 27 illustrates the projected Year 0-10 cumulative cash flow associated with this investment based on an average energy price inflation of 6%.
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[bookmark: _Toc342676191][bookmark: _Toc531096376]Implement a planned maintenance schedule for detecting and repairing compressed air leaks
Rationale
All compressed air systems leak to some degree.  Extensive surveys across hundreds of installations indicate an average leakage rate of over 30% with some systems leaking over 50%.  Air leaks are very costly and as illustrated in Table 7.  As can be seen, a single hole of 1.5mm in a system operating for 80 hours per week at 7 Bar(g), will cost over xxxx annually in additional compressor power.  
	Hole diameter
	Air leakage at 7bar(g)
	Power to air leaks
	Cost of leak xx/year

	mm
	litres/s
	CFM
	kW
	48 hours/week
	80 hours/week

	0.5
	0.2
	0.4
	0.06
	217
	362

	1.5
	1.8
	3.8
	0.54
	1,953
	3,254

	3
	7.1
	15.0
	2.10
	7,594
	12,656

	6
	28
	59.0
	8.40
	30,375
	50,625


· Table 7 – Cost of compressed air leaks

Repairing leaks (prevalent on many couplings and flexible connectors to machinery and hand tools) and instigating a planned maintenance schedule to routinely check, tags and repair leaks on an on-going basis will deliver highly cost effective savings.  The use of an Ultra-sonic probe (~cost to purchase) will facilitate rapid detection and repair.
Comments
It is frequently the case in many leaky installations that air compressors are left running outside of working hours to ensure that the system is pressurised and ready for service when operations commence.  An effective leakage reduction policy will allow such compressors to be switched-off outside of business hours and only brought into service close to working hours.  
Indicative outline cost-benefit analysis
	Estimated annual savings
	Economics

	Electricity
	Gas
	Cost
	Payback

	kWh
	[Input currency]
	tCO2
	kWh
	[Input currency]
	tCO2
	[Input currency]
	Years

	
	
	
	
	
	
	
	


[bookmark: _Toc531096377]Summary of key opportunities
Tables 8 summarises the main energy efficiency opportunities at the Location site. 
	Ref
	Recommendation
	Estimated annual savings
	Economics

	
	
	Electricity
	Gas
	Cost
	Payback

	
	
	kWh
	[Input currency]
	tCO2
	kWh
	[Input currency]
	tCO2
	[Input currency]
	Years

	1
	Development and implement a site-wide energy management policy and strategy
	 
	 
	 
	 
	 
	 
	 
	 

	2
	Implement a comprehensive energy monitoring and targeting system
	
	
	
	
	
	
	
	

	3
	Install a site-wide energy management system (EMS) to exercise optimised time and temperature control over HVAC systems
	
	
	
	
	
	
	
	

	4
	Instigate a comprehensive staff awareness and motivation resource efficiency campaign
	
	
	
	
	
	
	
	

	5
	Replace inefficient luminaires in areas of high usage with modern alternatives and deploy lighting controls for absence detection
	
	
	
	
	
	
	
	

	6
	Replace aging LPHW boilers modern high efficiency boilers to provide optimised heating requirements
	
	
	
	
	
	
	
	

	7
	Implement a planned maintenance schedule for detecting and repairing compressed air leaks
	
	
	
	
	
	
	
	

	Total
	 
	
	
	
	
	
	
	
	


 
● Table 8 – Summary of key energy efficiency opportunities
[bookmark: _Toc342676198][bookmark: _Toc531096378]Other resource saving opportunities
In addition to the key cost saving recommendations, a number of other opportunities were identified during the site visit.  These are summarised in Table 9 and we encourage local management to review and implement as opportunities present.
	Ref
	Opportunity
	Comments

	1
	Replace high-energy, heat/evaporative hand dryers with low energy, high-speed alternatives.
	The existing heat/evaporation dryers cost an estimated xxxx per annum to operate.  Replacing with low energy dryers will save ~xxxxx per annum providing a payback in 5-6 years.

	2
	Remove/disconnect all fixed and portable electric heater and implement a policy prohibiting their usage on H&S, environmental and cost grounds.  Fixed HVAC systems should be extended to under-heated areas. 
	A single 3kW electric heater operating just 30% of the time over a typical heating season will use 2,180 kWh at a cost of xxxx.  The over-door heaters at Location are poorly sized and largely ineffective. 

	3
	Review the electrical power condition requirements of the various test facilities to determine if a more efficient means of generation should be deployed e.g. inverter inverters, transformers.
	See additional comments and chart below.

	4
	Bring vending machines under time control (currently switched-on 24/7).
	All vending machines containing non-perishable food-stuffs should be switched-off outside of working hours.

	5
	Insulate all valves & flanges in boilerhouses and plantrooms and repair/upgrade the damaged insulation on the refrigerant distribution pipework.
	Restoring insulation to appropriate standards is a low-cost measure that typically paybacks in 1-2 years.

	6
	Review compressed air requirement.  Determine if elimination of this service is possible through for example the use of electric power tools.  If essential, consider relocating purpose sized compressors close to the point of use.
	For future developments of the compressed air system use smooth-bore piping and ensure generously sized pipework is used in a 'ring' configuration.  All existing 'dead-legs' should be removed.

	7
	Renew/install suitable draught-proofing to external doors.  Also consider commissioning a thermal imaging survey of the buildings to verify the competency of the in-fill insulation.
	Gaps between the doors and framework allow uncontrolled infiltration of air into the building adding to the heating/cooling load.

	8
	Review the specification of the current solar film to fenestration and the merits of upgrading to a higher specification solution.
	It is possible that the high solar heat gains observed during the site visit could be significantly reduced through the upgrading of solar film.

	9
	Keep the deployment of renewable energy technologies (e.g. PV) under periodic review according to prevailing energy costs, system costs and available subsidies/support mechanisms.
	The cost of PV has reduced significantly in the past 2-3 years and under current market conditions typically offers a simple payback period of 6-7 years.

	10
	Install urinal flush controllers and flow restrictors in washroom WHBs.  Specify waterless urinals and non-concussive or sensor operated taps in future developments.
	The existing uncontrolled urinal flushing is wasteful of water and controllers should be installed to limit flushing to demand requirements.

	11
	Sub meter electricity & gas supplied to kitchen and/or revise existing/future contracts to ensure catering contractor pays for these services outside of the contract.  
	 This is important to ensure that your catering contractor is incentivised towards good energy management practices.

	12
	Investigate the use of local extract / free cooling to server racks and rooms to eliminate/reduce the need for computer room air conditioning.
	Outdoor air temperatures at Location (see Table 6) are sufficiently low for the vast majority of the year to meet the cooling requirements of the server rooms.


· Table 9 – Summary of other resource saving opportunities

We were unable to ascertain the operational requirements of the various electric motor-generators used at the site to serve the laboratories/test bays (these areas had restricted access).  However, the part of the business that requires the output from the generators should be engaged to determine of a more efficient means of generating the required electricity can be identified e.g. through the use of frequency invertors and transformers/power conditioning units.  
The age and condition of the existing units should also be considered as part of a business continuity/risk assessment: the rating plates suggest some motor-generators date back to 1968.  It was unclear how the units are controlled but with ratings from 5.6kW-40kW procedures must be put in place (if not already in force) to ensure that the required units only operate when required for the minimum period necessary. 
Figure 28 illustrates the energy and cost impact of operating the sets for various hours throughout the year.
[image: ]
The extract systems serving the motor-generator rooms should be interlinked with the sets to ensure they only run when needed and at the appropriate speed.  The vendor maintaining the sets should be consulted to determine their suitability for conversion to synthetic flat belts (which typically offer a 4-5% efficiency improvement).
In summary, embracing proactive energy management policies and energy efficiency investments presents Parent Company Name with an excellent opportunity to reduce their energy expenditure and mitigate the impacts of rising energy prices, as summarised in Figure 29.
[image: ]
Another way of viewing this chart is to appreciate that xxxxx effectively represents the cost of inaction should Parent Company Name continue along a business as usual trajectory.  



[bookmark: _Toc342486422][bookmark: _Toc342490753][bookmark: _Toc342492330][bookmark: _Toc342676201][bookmark: _Toc356035419][bookmark: _Toc198519823]
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[bookmark: _Toc531096383]Site visit photographs
[bookmark: _Toc364088065][bookmark: _Toc371345675][image: ]Photo 1 
To maintain operating efficiency of heat pump/VRV systems it is important that all heat exchange surfaces are properly cleaned (using an appropriate chemical coil cleaner where necessary) and that debris, rubbish and other fouling matter is not permitted to gather near external condensing units.  
Damaged fins should be straightened (using a fin comb) to ensure the heat exchange characteristics are not compromised.




[image: ]Photo 2 
When installing new systems care should be taken to ensure that condensers are located in well ventilated areas out of direct sunlight and suitably spaced from other heat rejecting equipment.
Ensure that adequate space to the rear of units is provided in accordance with the manufacturer’s installation instructions.


[image: ]Photo 3 
It is imperative that all heat pump / VRV systems are closely controlled with respect to time and temperature settings to ensure that they only operate when essential and never in conflict with the gas fuelled low pressure hot water heating systems.  
We recommend that cooling set-points are set at 23◦C or higher with a heating setpoint of 20◦C.  The three degree ‘dead-band’ between the two systems ensures they won’t operate simultaneously in conflict with one another.
The set-point of 16◦C noted on this controller is too low.




[image: ]Photo 4 
There are several areas where insulation to refrigerate pipework has become damaged. This will subject the liquid line to unwanted heat gain, undermining the efficiency of the system.
Pipework in areas at risk of mechanical damage should be appropriately protected to safeguard not only the integrity of the thermal insulation but to ensure the pipework doesn’t get ruptured causing a refrigerant leak.


[image: ]Photo 5 
The i-Controller unit offers useful functionality to control multiple units and systems.
Access to programme this unit should remain limited to only those personnel who are knowledgeable in its operation.


[image: ]Photo 6 
The use of heat pumps for comfort cooling can rapidly ‘proliferate’ through buildings.  
With around 80 separate heat pump/VRV systems and a total installed capacity of around 840kW, the Location site is arguably over-provisioned for with regards to comfort cooling.  The installed cooling capacity equates to around 136 Watts/m2 across the whole site which is higher than that expected.  It is therefore imperative that all systems are closely controlled. We recommend that Ultra Electronics takes the opportunity to consider options for combining systems to maximise the potential to recover and re-use heat from parts of the building with process cooling loads (e.g. computer/server rooms and possible the motor-generator rooms) to areas most frequently requiring heating.



[image: ]Photo 7 
Numerous deficiencies in the pipework insulation of various low pressure hot water systems were noted during the site visit.  
All LPHW and DHW pipework should be properly insulated for energy conservation, frost protection and H&S reasons.
All valves and other pipeline ancillaries should be insulated using removable soft-cover jackets.




[image: ]Photo 8 
When being replaced – and on future developments – variable speed pumps should be installed that permit matching of flow-rate to the heating demand.   Care should be taken to ensure that minimum recommended flow rates through boilers are maintained. 


[image: ]Photo 9 
These optimiser controllers exercising time control of the natural gas fired boiler systems are dated, obsolete in terms of serviceability and do not provide supervisory control or the necessary logging capability to ensure optimal management.  
A move to a wireless, web enabled energy management system (EMS) will provide added energy saving, supervisory and H&S benefits (e.g. the logging of DHW storage temperatures).



[image: ]Photo 10 
This regulated speed air compressor allows generation to closely match demand which is good for energy efficiency.  However, we would encourage a review of compressed air requirement at Location to determine if elimination of this service is possible through for example the use of electric power tools.  If essential, consider relocating purpose sized compressors close to the point of use to avoid excess generation, leaks and pressure drops.

[image: ]Photo 11 
Compressed air networks and pipework tends to develop and get modified on an ad-hoc fashion according to requirements.  However, this is often inefficient as abrupt changes to air flow (through bends and changes in pipework diameter) cause turbulence and pressure losses.   
On future developments smooth-bore piping should be specified/used and ensure generously sized pipework is used in a 'ring' configuration.  All existing 'dead-legs' should be removed.
The operation of the high level extract fan should be linked to that of the compressor.


Photo 12 
The age and condition of the existing motor-generator units should be considered as part of a business continuity/risk assessment: the rating plates suggest some motor-generators date back to 1968.  It was unclear how the units are controlled but with ratings from 5.6kW-40kW procedures must be put in place (if not already in force) to ensure that the required units only operate when required for the minimum period necessary.
The vendor maintaining the sets should be consulted to determine their suitability for conversion to synthetic flat belts (which typically offer a 4-5% efficiency improvement). 


[image: ]

[image: ][image: ]Photos 13 & 14 
The extract system serving the motor-generator room in Building 1 should be interlinked with the sets to ensure they only run when needed and at the appropriate speed.  Speed is currently set manually with the system operating when air temperature exceeds the thermostat setting.





[image: ]Photo 15 
Sub meter electricity & gas supplied to kitchen and/or revise existing/future contracts to ensure catering contractor pays for these services outside of the contract.  	 
This is important to ensure that your catering contractor is incentivised towards good energy management practices.


[image: ][image: ]Photo 16 
Bring vending machines under time control (currently switched-on 24/7).	
All vending machines containing non-perishable food-stuffs should be switched-off outside of working hours.

Photo 17 
High energy hand dryers should continue to be replaced with low energy alternatives that typically reduce consumption by 75% and provide faster drying times.




[image: ]Photo 18 
Urinal cisterns should be fitted with flush control valves to save water.
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Projected annual energy expenditure
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Figure 1: Projected annual energy costs
Business as Usual v Energy Management scenarios

Notes:
1. Based on an average annual energy price inflation of 6% R5,382,709

2. Under a Business as Usual scenario annual energy costs for
Client Company Name would rise from R3,186kin 2013/14 to

R5,383k by 2023/23.
3. Under an Energy Management scenario in which the key
recommendations within this report are implemented in
2013/14, costs would rise from R2,429k to R4,103 by 2022/23.
4. Cumulative energy savings over this period under the Energy
Management scenario would total R9,983k for a one-off capital
expenditure of R2,616k
/// R4,103,094

R2,428,615
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1. Over the period of analysis - July

consumption in Building 1a totalled
240,425kWh
2. Celsius-based heating degree days

3. Station: Location, (XXW,XXN)
Station ID: XXX
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Figure 5: Building 1a linear regression analysis of gas consumption

Notes:

1. Over the period of analysis - July 2012 to June 2013 - total gas
consumption in Building 1a totalled 240,425kWh; 89kWh/Degree Day
2. Celsius-based heating degree days for a base temperature of 15.5°C
3. Station: Location, (XXW,XXN); Station ID: XXXX

4. Negative intercept and poor correlation (R?) indicate that the
building is receiving significant heat input from other sources including
the heat pump systems and gains from lighting, equipment and
occupants. It can also signal poor control of the gas-fired heating
system.
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Figure 6: Building 1b Gas Consumption v Degree Days

Notes:

1. Over the period of analysis - July
2012 to June 2013 - total gas
consumption in Unit C2 totalled

-/\

226,264kWh

2. Celsius-based heating degree days
for a base temperature of 15.5°C

3. Station: Location, (XXW,XXN)
Station ID: XXXX
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Figure 7: Building 1b linear regression analysis of gas consumption
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Notes:

1. Over the period of analysis - July 2012 to June 2013 - total gas

consumption in Building 1b totalled 226,264kWh; 84kWh/Degree Day
50,000 1 2. Celsius-based heating degree days for a base temperature of 15.5°C

3. Station: XXXX, (XXW,XXN); Station ID: XXXX

4. Negative intercept and poor correlation (R?) indicate that the

building is receiving significant heat input from other sources including
40,000 - the heat pump systems and gains from lighting, equipment and

occupants. It can also signal poor control of the gas-fired heating

system.
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Figure 8: Building 1c Gas Consumption v Degree Days

|| 2. Celsius-based heating degree days

Notes:
1. Over the period of analysis - July

2012 to June 2013 - total gas
consumption in Building 1c totalled
79,196kWh

for a base temperature of 15.5°C
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Figure 9: Building 1c linear regression analysis of gas consumption

20,000
Notes:
1. Over the period of analysis - July 2012 to June 2013 - total gas
consumption in Unit C3 totalled 79,196kWh; 29kWh/Degree Day
2. Celsius-based heating degree days for a base temperature of 15.5°C
3. Station: XXX, (XXW,XXN); Station ID: XXXX
15,000 - 4. Negative intercept and poor correlation (R?) indicate that the
building is receiving significant heat input from other sources
including the heat pump systems and gains from lighting, equipment
and occupants. It can also signal poor control of the gas-fired heating kel
system. ’
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Figure 10: Building 2 Gas Consumption v Degree Days

|| 3. Station: Location, (XXW,XXN)

Notes:
1. Over the period of analysis - July
2012 to June 2013 - total gas

consumption in Building 2 totalled
354,368kWh

2. Celsius-based heating degree days
for a base temperature of 15.5°C
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Figure 11: Building 2 linear regression analysis of gas consumption

Notes:
1. Over the period of analysis - July 2012 to June 2013 - total gas
consumption in Building 2 totalled 354,368kWh; 131kWh/Degree Day

2. Celsius-based heating degree days for a base temperature of 15.5°C
3. Station: XXX, (XXW,XXN); Station ID: XXXX

4. Although the positive intercept suggests a monthly baseload of ~6%
of gas usage the poor correlation (R?) indicates that the building is

receiving significant heat input from other sources including the heat
pump systems and gains from lighting, equipment and occupants. The

450

R2 also suggests poor control of the gas-fired heating system. <& * <
y=123.52x+1727.9
R?=0.7443 <
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Figure 12: Building 2 monthly electricity usage

Notes:
1. Period of analysis: 16/06/2012 to

15/06/2013 inclusive [365-days]
2. Total electricity consumption

duringthe period of anlaysis =
456,516kWh

3. The 'flat’ profile throughout the
year reflects the observed high

baseload andiis indicative of heat
pumps being used for heatingin
winter and cooling in summer.
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Figure 13: Building 1 monthly electricity usage

Notes:
1. Period of analysis: 16/06/2012 to

15/06/2013 inclusive [365-days]
2. Total electricity consumption

duringthe period of anlaysis =
994,556kWh

3. The 'flat’ profile throughout the
year reflects the observed high

baseload andiis indicative of heat
pumps being used for heatingin
winter and cooling in summer.
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Figure 14: Building 2 annual electricity usage half-hourly profile

Notes:
1. Period of analysis: 16/06/2012to

to 34.8% of annual usage.

3. Total electricity consumption during
hours 07:00-17:00hrs Mon-Fri=
194,032kWh; 42.5% of annual usage.
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Figure 15: Building 1 annual electricity usage half-hourly profile

Notes:

1. Period of analysis:
16/06/2012 to 15/06/2013
inclusive [365-days]

2. Total electricity
consumption during standard
hours of 08:15-16:15hrs Mon-
Fri =392,756kWh which
equated to 39.5% of annual
usage.

3. Total electricity
consumption duringhours
07:00-17:00hrs Mon-Fri=
478,274kWh; 48.1% of annual
usage.
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Figure 16: Building 2 Electrical Load Duration Curve

N B

[365-days]

1. Period of analysis: 16/06/2012to 15/06/2013inclusive [—|

2. This shows that the number of hours spent operating
at various electrical loads (x-axis). For example Unit B
electricaldemand exceeded 60kW on 2,735 hours (31% of
the time over the period analysed: 8,760 hours)
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Figure 17: Building 1 Electrical Load Duration Curve

Notes:
8,000 1. Period of analysis: 16/06/2012 to 15/06/2013inclusive |—|
[365-days]
2. This shows that the number of hours spent operating
2000 at various electrical loads (x-axis). Forexample UnitC [ |
’ electricaldemand exceeded 140kW on 2,686 hours (31%
of the time over the period analysed: 8,760 hours)
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Figure 18: Building 2 Electricity usage:

Maximum, Minimum and Average time period consumption

Notes:
1. Period of analysis: 16/06/2012to
15/06/2013 inclusive [365-days]

2. Consumption indicated reflects that
recorded within the 30-minute time period
over the 12-months

3. The site base load is in excess of 40kW is

deemed to be high and itis likely that much
of this is not legitmate / required usage
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Figure 19: Building 1 Electricity usage:

Maximum, Minimum and Average time period consumption

Notes:
1. Period of analysis:
16/06/2012 to

15/06/2013 inclusive
[365-days]
2. Consumption indicated

reflects that recorded
within the 30-minute
time period over the 12-
months

3. The site base load is in
excess of 70kW is

deemed to be high and it
is likely that much of this

is not legitmate /
required usage
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Figure 20: Building 2 Electricity usage:

Maximun, minimum and mean daily electrical demand profiles

——24/07/2012

——05/04/2013 ——30/12/2012

——25/12/2012

Notes:

1. Period of analysis: 16/06/2012to
15/06/2013 inclusive [365-days]

2. These plots show Unit B's daily
electrical requirements during the
day of minimum total demand (Sun
30/12/12: 676kWh); maximum
demand (Tue 24/07/12: 1,909kWh);
median demand (Fri 05/04/13:
1,277kWh)and Christmas Day (Tue:
684kWh)
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Figure 21: Building 1 Electricity usage:

Maximun, minimum and mean daily electrical demand profiles

——17/01/2013 ——26/09/2012 ——12/08/2012 ——25/12/2012

Notes:

1. Period of analysis:
16/06/2012 to 15/06/2013
inclusive [365-days]

2. These plots show Unit C1-3's
daily electrical requirements
during the day of minimum total
demand (Sun 12/08/12:
1,480kWh); maximum demand
(Thu 17/01/13: 3,865kWh);
median demand (Wed
26/09/12:2,970kWh) and
Christmas Day (Tue: 1,795kWh)
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Figure 22: Building 2 annual electricity usage by day of week
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Notes:

1. Period of analysis: 16/06/2012

to 15/06/2013 inclusive [365-

days]

2. Electricity consumption at

weekends accounts for 21.8% of

total annual usage
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Figure 23: Building 1 annual electricity usage by day of week

Notes:
163,278 165,023

155,698 160,062 156,557 1. Period of analysis: 16/06/2012
to 15/06/2013 inclusive [365- [
days]
2. Electricity consumption at
weekends accounts for 19.5% of | _
total annual usage
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Figure 24: Implement a comprehensive energy monitoring & targeting system
Projected Year 0-10 cumulative cash flow
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Notes:
1. Based on a budget installation
cost of R300,000

R2,121,042

2. Average annual energy price
inflation of 6% assumed

3. The project would become cash-
positive in year 2 and offer an NPV
of R1,265,800 by year 10 based on a
discount rate of 8%
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Figure 25: Install a site-wide energy management system

Projected Year 0-10 cumulative cash flow

Notes:

1. Based on a budget installation
cost of R450,000

2. Average annual energy price
inflation of 6% assumed

3. The project would become cash-
positive in year 2 and offer an NPV

R 1,563,135

R 1,859,110

R 1,283,912

of R1,043,400 by year 10 based on a R 1,020,495
discount rate of 8% j—
R771,988
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Figure 26: Upgrade selective lamps/luminaires to LED with controls
Projected Year 0-10 cumulative cash flow

Notes:
1. Based on a budget installation
cost of R1,258,470

2. Average annual energy price
inflation of 6% assumed
3. The project would become cash-

positive in year 5 and offer an NPV
of R947,800 by year 10 based on a
discount rate of 8%

4. Analysis does not take into
account the reduced maintenance

costs associated with the need to
forego 2-4 lamp replacement cycles
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Figure 27: Upgrade to modern, high efficiency boilers

Projected Year 0-10 cumulative cash flow
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R-247,882 1. Based on a budget installation
cost of R1,950/kW
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2. Average annual natural gas price
inflation of 6% assumed

3. The project would become cash-
positive in year 7 and offer an NPV
of R29,200 by year 10 based on a

discount rate of 8%
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Figure 28: Motor-Generators

Chart of electricity usage & cost v Annual hours of operation

Notes:

1. The ten operational sets on site have a total rated motor capacity
of approximately 218kwW
2. Consumption/generation data was not available for the motor-

generator sets
3. Inthe absence of such data we have assumed that the sets are
utilised for 500 hours annually i.e. 2,500 hours/year at a utilisation

factor of 0.2
4. At 500 hours/year electricity consumption would equate to
108,900 kWh at a cost of R166,500
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Figure 29: Projected annual energy costs
Business as Usual v Energy Management scenarios

Notes:
1. Based on an average annual energy price inflation of 6% R5,382,709

2. Under a Business as Usual scenario annual energy costs for
Client Company Name would rise from R3,186kin 2013/14 to

R5,383k by 2023/23.

3. Under an Energy Management scenario in which the key

recommendations within this report are implemented in

2013/14, costs would rise from R2,429k to R4,103 by 2022/23.

4. Cumulative energy savings over this period under the Energy

Management scenario would total R9,983k for a one-off capital

expenditure of R2,616k
//// R4,103,094
Ene tial

R2,428,615
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