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Who we are:  

• Energy efficiency, modelling, measurement 
and analysis 

• One of the few UK research institutes with 
the knowledge to research carbon reduction 
in the built environment at various scales: 
– City scale (e.g. smart grids, mini-grids) 

– Existing buildings 
• Domestic (including retrofit) 

• Non-domestic (e.g. factories, schools, hospitals) 

– Buildings in use (plant and equipment, behaviour) 
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IESD Figures 
• Part of DeMontfort University, Leicester 

• 14 full-time research active staff 

• 13 part time and contract researchers 

• 45 PhD students 

• Three MSc courses and one BSc 
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Non-domestic Electricity Profiles 

• Project for Ofgem 

– Subcontract to 
Element Energy 

• From large datasets, 
produced typical non-
domestic building profiles 

• First time these widely 
available in UK 

• Produced for demand-
side response analysis 
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ESCoBox 
• EPSRC (+DECC & DfID) - £0.8M 

• Platform for establishing and growing ‘smart’ 
micro-grid systems in the developing world 
– Providing energy for income generation and 

community development 

– Cashless billing and micro-payment via MPesa 

• Partners: 
– De Montfort University, UK - Lead 

– Newcastle University, UK 

– University of Nairobi, Kenya 

– Institute of Sustainable Development, UK 

– access:energy, Kenya 

– Practical Action, UK 

– BBOXX, UK 

– Ashden, UK 
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AMEN 

• EPSRC - £562,000 

• Whole system Agent-based 
Modelling of Electricity 
Network 

• Investigating paths to smart 
decarbonised electricity grid 

• Includes demand response 

• Industrial partner E.On 

• Builds on previous project 
(CASCADE) 

• Includes behaviour (firms 
and households), electrical 
model and market 
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Low Carbon Schools 

• Through a Knowledge Exchange 

Partnership, IESD is helping 

Leicester City Council to deliver 

energy efficient and low carbon 

schools fit for the 21st Century  

 

 

 

OPERATION 

RENEWABLE 
TECHNOLOGY 

ENERGY EFFICIENT BUILDING  
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KAP 

• EU 7th Framework - €7.5M 
• IESD working on energy 

awareness 
• Production and technical 

building services (TBS) 
• Display for awareness & 

decision support 
• Industrial partners include 

Intel, SAP, Nissan and 
Volvo 

• Complex Event Processing 
(CEP) for monitoring and 
analysis of data streams 

C:/Users/Rick/Documents/Projects/KAP/Meetings/Final review meeting in Gothenburg/Full presentations of Volvo use case/TBS part of Volvo use case review presentation-final review.pptx


Terms and definitions 

• Data 

• Benchmarking 

• Normalised production 

• Degree day 

• Regression 



Energy Data 

• Timestamp / meter reading time /date 

• Meter reading 

• Units 

• Multiplier 

• Conversion to kWh 

 

 

 



Supporting data 

• Weather data or location 

• Production data 

• Building floor area 

• Building material 

• Industry type 

• Description of what is metered (zone, 

machinery etc)  

 



Benchmarking 

• Lets us compare similar businesses  

• Energy use is taken, vs. a qualifier 

 

For example: 

    kWh/m2            

    GJ/tonne 



Benchmarking 

• Typical and good practice figures are used  

to check performance 

 

 

 



Normalised production 

We compare actual energy use  

(for example, gas use in kWh) 

 

..To expected energy use from a process 

(for example, tonnes of material produced)  

 

= Key Performance Indicators 



Example from industry 

y = 0.9019x + 1003.2
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Degree Days 

• Are a measure of the predicted heating or 

cooling demand 

• Used in benchmarking 

• Used in subsequent analysis 



Degree Days 
(Heating Degree Days) 



Regression Analysis 

• Uses energy data to make energy saving 

recommendations 

• Typically around 12 month’s data may 

start to produce useful results 

• Works well with degree days (e.g. for 

offices) or production data (e.g. for 

manufacturing) 

• Compares the expected energy demand 

against actual energy use. 

 



Example using real data 
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Energy Saving Measures 



 

 

 Offsetting 

 

Renewables, CHP 

 

Building fabric e.g insulation 

 

Building controls 

 

Human scale interventions e.g. switch-off campaigns 

Energy pyramid 
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Benchmarking in detail 
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Benchmarking 

 

(From Carbon Trust Guide) 
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Note on the following few slides: 

• The next few slides serve as an 

introduction to the process of energy 

analysis to show how useful it is 

• But there will be no need to apply these 

methods – DMU can do this, so there is no 

need to take notes.    



Method: 

• Gather data 

• Convert to kWh 

• Adjust space heating energy to account for 

the weather 

• Determine floor area (gross internal area) 

• Apply weighting depending on treatment 

(heated, naturally ventilated, air 

conditioned etc) 

• Calculate performance indicators 
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Typical benchmarks 

• The next few slides give examples of 

publically available benchmarking 

information 





CIBSE TM46 



Effort has concentrated in the 

past on public buildings, service 

industry etc.  

One thing we notice is that 

manufacturing, and SMEs are 

not yet widely covered 

…which is where we come in 



Some applications of energy 

data analysis  
• Regression analysis using data gained 

from benchmarking 

• Discovering energy faults and suggesting 

savings 

 

Institute of Energy and Sustainable Development 



Institute of Energy and Sustainable Development 



Internal gains 
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Fixed loads outside the 

heating season 
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Heating and cooling 

 running simultaneously 



Efficiency increases with load 
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Upward curving polynomial - stratification 



Hysteresis (Looping) 
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IT: out of hours switch off rates for IT can be as 

low as 30%.  

 

Heating: incidents of heating of unoccupied non-

domestic buildings at night and at weekends, 

were found to be as high as 30%  

 

Lighting: unoccupied office lighting can amount 

for up to 23 – 30%  

 

Electrical base-loads increasing annually at a rate 

of 9%  

 

Energy Pathology 
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Energy savings identified from 30 minute 

data 
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Failure modes 

• Heating (or cooling) out of season 
– Winter cooling or summer heating 

• Heating when building unoccupied 
– Typically overnight, weekends 

• Baseloads 
– Gas – lack of control 

– Water – usually a leak (not obvious in building) 

– Electricity – equipment, lights left on 

• Excessive consumption (continuous) 
– Often gas with no time control and poor thermostatic control 

• Most of these are much less likely in dwellings, because 
occupants would notice 



Library: Heating control – gas on 

when clearly unoccupied 

1 week: 

red 

summer 

black 

winter 



Office: heating outside occupancy, 

high electricity baseload 

1 week: 

red 

summer 

black 

winter 



Office: water as occupancy proxy 

no water: unoccupied 



Weekend control problems gas 

Total L200 sites 

in 2004 282 

Sites with complete  

data 168 

Unusual 

configurations 114 

Flatlining or missing  

channel 83 

Gas water electricity 

Feb 2004 all available 85 

No unnecessary 

weekend gas heating 59 

Unoccupied weekend 

heating gas 26 

Saturday AND Sunday unoccupied gas: 

fixed 24 hour pattern 4 

continuously on 4 

Saturday OR Sunday 

unoccupied gas 18 

Sunday unoccupied 

only gas 

fixed 24 hour pattern 8 

continuously on 9 

Saturday unoccupied 

only gas 

fixed 24 hour pattern 1 Key 

Not used Working correctly 

End nodes - faulty control 

31% problems 

100% data available 

21% 9% 

1.2% 20% 

69% OK 





Saturday Evening around 6PM, Canary Wharf 

Don’t forget the low hanging fruit 



Saturday Evening around 6PM, Paris 















 

IT: out of hours switch off rates for IT can be as 

low as 30%.  

 

Heating: incidents of heating of unoccupied non-

domestic buildings at night and at weekends, 

were found to be as high as 30%  

 

Lighting: unoccupied office lighting can amount 

for up to 23 – 30%  

 

Electrical base-loads increasing annually at a rate 

of 9%  

 

Energy Pathology 
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Questionnaires for Participants 

• Initial questionnaire  
A detailed set of questions that establishes fundamental data such as attitudes to energy 

efficiency, plant and building types, nature of business 

 

 

 

 

• Bi Monthly (or similar period) questionnaire   

• Seven questions on energy use  
• Gathers data on energy use and production/weather, any changes which may have affected 

energy use, and any other changes that participants want us to know about 
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First run of short questionnaire 
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1. Business ID (user) number:    

           Password:    
  

2. Please enter your current meter readings: 

 

Metering point number (any number you can use to refer to)   
 

Energy type     Electricity     Gas      Other   

Units               kWh     m3           Other   

 

Multiplier (e.g. x10 kWh, x5 m3)              
 

Description     

Date Readings taken  (mm/dd/yyy)    

Reading      
 
  Enter another reading    

  Readings complete        

 

Thank you. For subsequent readings we will ask fewer questions.   



Units             

  

 

 

3. Please enter the type and units of any production values or other normalising figures, 

degree days or weather data, such as mean temperature.  An example would be “Production” 
in “Tonnes” or “Weather” in “Degree Days” 

 

Type              

Units             
 

4.  Have any major changes been made, such as to building, address or business type 

recently? 
 

 Yes 

 No          
 

  Details of changes  

 
  



5. Has any event happened which may affect the pattern of energy use (e.g. shut down or 

holiday, new item of plant, equipment failure, power cut, unusually busy, energy efficiency 
improvements)  
 

 Yes 

 No 
  

  Details of event  

     

 
Any increased energy use, or energy savings made that you know about 

 
  
6. Any other information about your recent operations which may have some effect on 

energy use  or the energy readings you are entering 
 
 Yes 

 No 
 

Please describe these 

 
  



7. Would you like to change any other details that you filled in the first large questionnaire 

about your company?  
  
 Yes 

 No 
 

Please describe the changes to be made 

 
 
Thank you for your cooperation.  If you have any further comments or suggestions please 
contact the project team using the addresses on the main project site.   



Subsequent runs of short 

questionnaire 



1. Business ID (user) number:    

           Password:    
  

2. The last readings you entered were: 
 

Vintu Fabricat Pattern Makers 
Metering point       Description   Date                   Value 
1   Main Gas kWh  13-03-2015   2324 kWh 

2   Main Electricity kWh    13-03-2015   4343 kWh 

 
Please enter your current meter readings: 

 

Metering point number     

Description (optional)    

Date Readings taken  (mm/dd/yyy)    

Reading      
 
  Enter another reading    
  Readings complete        



3. Please enter your production values or other normalising figures, degree days or weather 

data, such as mean temperature, since you last completed this questionnaire. 
 

Your last reading was: 
 

Type           Units        Interval       Amount 

Production        Kg  12-02-2015 to 13-03-2015         2321 
 

Start date (leave blank if this was 13-03-2015)          

Amount                 
 
4.  Have any major changes been made, such as to building, address or business type during 

this period?  
 

 Yes 

 No          
 

  Details of changes  

 



5. Has any event happened which may affect the pattern of energy use (e.g. shut down or 

holiday, new item of plant, equipment failure, power cut, unusually busy, energy efficiency 
improvements)?  
 

 Yes 

 No 
  

  Details of event  

     

 
Any increased energy use, or energy savings made that you know about 

 
  
6. Any other information about your operations during the previous period which may have 

some effect on energy use  or the energy readings you are entering 
 
 Yes 

 No 
 

Please describe these 

 
  



7. Would you like to change any other details that you filled in the first large questionnaire 

about your company?  
  
 Yes 

 No 
 

Please describe the changes to be made 

 
 
Thank you for your cooperation.  If you have any further comments or suggestions please 
contact the project team using the addresses on the main project site.   
 
 



Sample completed questionnaire for 2nd and subsequent readings:  



1. Business ID (user) number:    

           Password:    
  

2. The last readings you entered were: 
 

Vintu Fabricat Pattern Makers 
Metering point       Description   Date                   Value 
1   Main Gas kWh  13-03-2015   2324 kWh 

2   Main Electricity kWh    13-03-2015   4343 kWh 

 
Please enter your current meter readings: 

 

Metering point number     

Description (optional)    

Date Readings taken  (mm/dd/yyy)    

Reading      
 
  Enter another reading    
  Readings complete        

 

Metering point number     

Description (optional)    

Date Readings taken  (mm/dd/yyy)    

Reading      
 
  Enter another reading    

  Readings complete        

08543 

13/03/2015 

Elec 

2 

109315 

02/04/2015 

Gas 

1 

****** 

214 



3. Please enter your production values or other normalising figures, degree days or weather 

data, such as mean temperature, since your last data entry. 
 

Your last reading was: 
 

Type           Units        Interval       Amount 

Production        Kg  12-02-2015 to 13-03-2015         2321 
 

Start date (please leave blank if this was 13-03-2015)          

Amount                              
 
4.  Have any major changes been made, such as to building, address or business type during 

this period?  
 

 Yes 

 No          

2954 



5. Has any event happened which may affect the pattern of energy use (e.g. shut down or 

holiday, new item of plant, equipment failure, power cut, unusually busy, energy efficiency 
improvements)  
 

 Yes 

 No 
  

  Details of event  

     

 
Any increased energy use, or energy savings made that you know about 

 
  
6. Any other information about your operations during the previous period which may have 
some effect on energy use  or the energy readings you are entering 

 
 Yes 

  No 
 

 
7. Would you like to change any other details that you filled in the first large questionnaire 

about your company?  
  
  Yes 

 No 
 

Please describe the changes to be made 

 
 
Thank you for your cooperation.  If you have any further comments or suggestions please 
contact the project team using the addresses on the main project site.   
 

Mario Avramutu is now the main contact on site, but same telephone number 

as before.   

Compressor is 8kW but is not seperately metered. It appears to be running 

less often.   

Compressed air pipes were serviced and all leaks in connectors were fixed. 



Questions and answers 



Spare slides 



Thoughts on development of  

Benchmarking 
1. Technical Building Services (TBS) as high users of energy, are likely to be 

as important, if not more for benchmarking as production e.g. compressed 

air, fume extraction. This means for benchmarkign beyond established 

methodologies (e.g. TM46) production data and degree day data may be 

needed for best results.  

2. Similarly, being able to disaggregate between production and TBS is 

beneficial.   

3. Manufacturing benchmarking source references are easily accessible. e.g. 

Good guidance on specific energy use KPIs can be found in (“KAP EU 

Project http://www.kap-project.eu/,”) 

Institute of Energy and Sustainable Development 



4. Similarly, useful methodologies for energy benchmarking for buildings  by vertical sector are 

numerous, perhaps a best known example being (“CIBSE TM46 Energy Benchmarks,” n.d.) 

5. A huge amount of meta analysis has been undertaken in the EU, (“Energy efficiency in the 

European Union: trends and  policies  Lessons from the ODYSSEE MURE project,” although 
further work is needed to establish if calculations are top down or bottom up.  

6. Appropriate benchmarking using current techniques depends on a robust taxonomy, e.g. (Bruhns & 

Wyatt, 2011) (“CIBSE TM46 Energy Benchmarks,” ) But as we look into fine grained data (15,30 
min) the sample sizes reduce further. small sample numbers for some industries make 
comparisons difficult.  A more robust approach could be to benchmark on process type  

Thoughts on development of  

Benchmarking 
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Sidenote – the UCL Primary 

Classifications 
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