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Background

Over the period 2002-4 HEEPI undertook a benchmarking exercise on the energy consumption of selected buildings in universities and colleges

The first stage involved a series of workshops with HE facilities managers to develop ways of benchmarking energy consumption within the sector. A consensus emerged that, to be useful, this needed to be done at the level of individual buildings, grouped by the activities conducted within them. There was discussion of the trade off between simplicity of collection and the need for detail to have effective analysis and interpretation. Discussion was also held about the best way of normalising data, using either simple methods such as energy per square metre, or more complex ones which took into account factors such as climate and occupancy hours.  

Initial Data Collected by HEEPI 

As a result of these workshops an Excel template was generated with about 100 data fields. Over 30 universities provided initial data on energy and water consumption for 223 buildings by this means. After initial quality checking to remove anomalies (of which there were a number) a series of workshops – with an average attendance of around 10 universities - were then held in 2003-4 to discuss the results for six of the most energy- and water-intensive types of building - bioscience laboratories, engineering and physical science laboratories, non-electrically heated halls of residence, libraries, residences, and sports centres.  The meeting began with an examination of what seemed to be the best and worst performers, based on their total energy consumption per square metre, adjusted for degree days. Interestingly, this process of detailed discussion revealed a number of anomalies in classification and other building features (e.g. buildings called laboratories but with only a small percentage of floor space devoted to this use). The discussion then moved on to more general issues of possible explanations of differences in performance. One of the key factors for many buildings turned out to be air change rates.
Following these workshops benchmarks were calculated from a sample of 163 buildings. These were grouped into nine sub-categories – the six which had been the topic of workshops plus admin/support, chemical laboratories and computing/maths buildings (see Table 1 below for sample, Tables 2-4 for specific results, and Table 5 for a summary of all results). Based on total energy consumption each sub-category was analysed to produce a mean value for all buildings (termed Typical), and a mean value for the lower quartile of buildings (termed Good). The best performing building was also identified (termed Best).
Note that the energy data was not normalised for Degree Day Region, occupancy or building thermal mass/exposure. Nor was there any distinction in the benchmarks between buildings that are naturally ventilated or air conditioned.

For libraries and sports centres the sample size was also insufficient to calculate a meaningful lower quartile (Good) figure. Caution should also be exercised when using the mean (Typical) values for these building categories, due to the small size and the fact that no distinction was made between air-conditioned and naturally ventilated libraries, nor between different types of sports centres (e.g. wet and dry). 

Comparison of HEEPI Benchmarks with National Yardsticks

Tables 6 and 7 compare the HEEPI Good and Typical benchmarks with similar ones produced by the Carbon Trust and the 1996 Value for Money report on HE buildings. It should be noted that the Value for Money figures are normalized for degree days and other factors, whereas those of the Carbon Trust and HEEPI are not.

In addition to normalisation, and age of the benchmarks, two other likely explanations of differences are:

Varying quality control of building data (with the more recent HEEPI exercise having the advantage of a greater level of metering, careful scrutiny by practitioners in the six workshops)

An increasing resource intensity of many HE activities, especially laboratories.

Table 1: Final HEEPI Benchmark Categories

	Building Category
	Sample Size

	Admin/support
	22

	Sports centres
	8

	Libraries
	3

	Residences (non-electrically heated)
	37

	Teaching
	36

	Labs – medical/biosciences
	15

	Labs – engineering
	24

	Labs – chemical sciences
	7

	Computing - Maths
	11


Table 2: HEEPI Good Practice Benchmarks

	Building Template
	Good Practice Energy Performance (kWh/m2)

	
	Fossil Fuel
	Electricity

	1. Admin/support
	107
	46

	2. Sports Centres
	Insufficient Data
	Insufficient Data

	3. Libraries
	Insufficient Data
	Insufficient Data

	4. Residences (fossil fuel heated)
	198
	47

	5. Teaching
	88
	41

	6. Laboratories (medical/bioscience)
	121
	250

	7; Laboratories (physical/engineering)
	92
	93

	8. Laboratories (chemical sciences)
	Insufficient data
	Insufficient data

	9. Computing – maths
	Insufficient data
	Insufficient data


Table 3: HEEPI Typical Practice Benchmarks

	Building Template
	Typical Practice Energy Performance (kWh/m2)

	
	Fossil Fuel
	Electricity

	1. Admin/support
	166
	90

	2. Sports Centres
	325
	199

	3. Libraries
	176
	186

	4. Residences (fossil fuel heated)
	240
	57

	5. Teaching
	240
	118

	6. Laboratories (medical/bioscience)
	256
	325

	7; Laboratories (physical/engineering)
	148
	130

	8. Laboratories (chemical sciences)
	175
	264

	9. Computing – maths
	105
	106


Table 4: HEEPI Best Practice Benchmarks

	Building Template
	Best Practice Energy Performance (kWh/m2)

	
	Fossil Fuel
	Electricity

	1. Admin/support
	88
	28

	2. Sports Centres
	138
	88

	3. Libraries
	73
	73

	4. Residences(fossil fuel heated)
	126
	35

	5. Teaching
	46
	31

	6. Laboratories (medical/bioscience)
	75
	177

	7; Laboratories (physical/engineering)
	15
	66

	8. Laboratories (chemical sciences)
	97
	156

	9. Computing – maths
	40
	114


Table 5: Summary HEEPI Energy Performance Indicators kWh/m2 (unnormalised)

	Building category
	Sample Size

(for mean)
	Fossil Fuel Performance

kWh/m2
	Electricity Performance

kWh/m2

	
	
	Best
	Good
	Typical
	Range
	Best
	Good
	Typical
	Range

	Admin/support 
	22
	88
	107
	166
	70-591
	28
	46
	90
	17-331

	Sports centres
	8
	138
	ID
	325
	138-826
	88
	ID
	199
	58-643

	Libraries
	3
	73
	ID
	176
	73-296
	73
	ID
	186
	73-234

	Residences
	37
	126
	198
	240
	30-387
	35
	47
	57
	35-271

	Teaching 
	36
	46
	88
	240
	46-844
	31
	41
	118
	22-518

	Labs –medical & biosciences
	15
	75
	121
	256
	24-569
	177
	250
	325
	75-606

	Labs – Engineering – phys sciences
	24
	15
	92
	148
	12-338
	66
	93
	130
	58-259

	Labs – chemical sciences
	7
	97
	ID
	242
	41-400
	156
	ID
	287
	156-408

	Computing - Maths
	11
	40
	ID
	105
	40-175
	114
	ID
	106
	27-217


Note the data excludes extreme values

Note the ‘good’ fossil fuel and electricity values do not add up to the ‘good’ total value

Note best examples are for the building with the best total energy performance in each category, and the corresponding fossil fuel and electricity. This means there may be better fossil fuel and electricity performance for different buildings, i.e. the range for fossil fuel and electricity may reflect better (i.e. lower) values
Table 7: Comparison of HEEPI “Good” Buildings with “Good” National Yardsticks

	Building Template
	Fossil Fuel
	Electricity

	
	HEEPI
	Value for Money (1)
	Carbon Trust
	HEEPI
	Value for Money
	Carbon Trust

	1. Offices
	107
	90
	75-92 (2)
	46
	60
	32-188 (2)

	2. Sports Centres
	ID
	158-238 (3)
	100-573 (4)
	ID
	69-158 (3)
	64-167 (4)

	3. Libraries
	ID
	104-156 (5)
	150 (6)
	ID
	41-263 (5)
	50 (6)

	4. Residences
	198
	180-216 (7)
	240 (8)
	47
	41-77 (7)
	85 (8)

	5. Mixed HE
	No data
	No data
	185 (9)
	No data
	No data
	75 (9)

	6. Teaching
	88
	90 (10)
	151 (11)
	41
	60 (10)
	22 (11)

	7. Support

(Admin/support)
	As for offices
	52-80 (12)
	As for offices
	As for offices
	34-104 (12)
	As for offices

	8. Laboratories 
	121 (13)
	99
	No data
	250 (13)
	140
	No data


(1) Value for Money Initiative, Energy Management Study in the Higher Education Sector, London: HEFCE, 1996. Figures normalized for degree day region.

(2) Range based on 4 office types: (a) naturally ventilated, cellular; (b) naturally ventilated, open plan; (c) air-conditioned, standard; (d) air-conditioned, prestige.  Carbon Trust, 2000, Energy Use in Offices, ECG019

(3) Lower value for dry sports; higher value for wet sports

(4) Range based on 7 sports centre types: (a) local dry sports centre; (b) 25m swimming pool centre; (c) leisure pool centre; (d) combined centre; (e) fitness centre; (f) sports ground changing facility; (g) ice rink. Carbon Trust, 2001, Energy Use in Sports & Recreation Buildings, ECG078

(5) Lower value for naturally-ventilated libraries, higher value for air-conditioned libraries

(6) Carbon Trust, 1997, Energy Efficiency in Further and Higher Education, ECG054

(7) Lower value for self-catering residences, higher value for halls of residence.

(8) Value for Total Residential. Carbon Trust, 1997, Energy Efficiency in Further and Higher Education, ECG054

(9) Value for Total Academic, based on typical room usage at average HE Campus. Carbon Trust, 1997, Energy Efficiency in Further and Higher Education, ECG054

(10) Based on Academic, Arts

(11) Based on Teaching. Carbon Trust, 1997, Energy Efficiency in Further and Higher Education, ECG054

(12) Lower value for naturally-ventilated administration, higher value for air-conditioned administration

(13) Based on biosciences/medical excluding those with highly serviced animal housing

Table 6: Comparison of HEEPI “Typical” Buildings with “Typical” National Yardsticks 

	Building Template
	Fossil Fuel
	Electricity

	
	HEEPI
	Value for Money (1)
	Carbon Trust
	HEEPI
	Value for Money
	Carbon Trust

	1. Offices
	166
	108
	136-168 (2)
	90
	68
	80-288 (2)

	2. Sports Centres
	325
	238-356 (3)
	217-1336 (4)
	199
	79-217 (3)
	105-258 (4)

	3. Libraries
	176
	145-221 (5)
	No data
	186
	58-364
	No data

	4. Residences
	240
	216-261 (6)
	No data
	57
	49-90 (6)
	No data

	5. Mixed HE
	No data
	No data
	No data
	No data
	No data
	No data

	6. Teaching
	240
	108 (7)
	No data
	118
	68 (7)
	No data

	7. Support

(Admin/support)
	As for offices
	110-177 (8)
	As for offices
	As for offices
	50-158 (8)
	As for offices

	8. Laboratories 
	256 (9)
	119
	No data
	325 (9)
	158
	No data


(1) Value for Money Initiative, Energy Management Study in the Higher Education Sector, London: HEFCE, 1996. Figures normalized for degree day region.

(2) Range based on 4 office types: (a) naturally ventilated, cellular; (b) naturally ventilated, open plan; (c) air-conditioned, standard; (d) air-conditioned, prestige.  Carbon Trust, 2000, Energy Use in Offices, ECG019

(3) Lower value for dry sports; higher value for wet sports. Note this is not the National Yardstick used in the HEEPI Benchmark Tool

(4) Range based on 7 sports centre types: (a) local dry sports centre; (b) 25m swimming pool centre; (c) leisure pool centre; (d) combined centre; (e) fitness centre; (f) sports ground changing facility; (g) ice rink. Carbon Trust, 2001, Energy Use in Sports & Recreation Buildings, ECG078. Note this is the National Yardstick used in the Benchmark Tool.

(5) Lower value for naturally-ventilated libraries, higher value for air-conditioned libraries

(6) Lower value for self-catering residences, higher value for halls of residence

(7) Based on Academic, Arts

(8) Lower value for naturally-ventilated administration, higher value for air-conditioned administration

(9) Based on biosciences/medical excluding those with highly serviced animal housing
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