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Executive Summary

In November 2006 a workshop was held with energy and residence managers from the Higher Education sector to calculate energy performance benchmarks for student residences and identify features that were contributing to the buildings’ energy performance. Benchmarks were calculated for fossil fuel and electrically heated residences based on data from 133 residences at 13 universities. Space/water heating is responsible, on average, for 78% of the total energy consumption. 

The main conclusions were that there is scope in the design and management of residences for significant reductions in energy consumption. The main features that can contribute to these reductions include high levels of building insulation, good controls on the heating system (through Building Management Systems, high levels of metering) and choice of heating system. Surprisingly, electrically heated residences in general performed better than fossil fuel heated buildings due to the greater levels of control possible through electric systems (e.g. timers, individual systems). Behavioural change is as important as technical measures and successful initiatives involving students can result in significant energy savings. The workshop also highlighted a communication gap between estates and residence managers which needs to be bridged if full energy saving potentials are to be realised. There is increasing interest from students in energy efficient residences, for reasons of cost, comfort and awareness, and both estates and residence managers need to ensure that there are policies and measures in place to achieve this goal. 

1. Introduction

Hundreds of thousands of students live in residences, whose energy consumption and environmental impacts are therefore considerable. However, these issues have generally received less attention than other areas of the HE estate. The main reasons for this have been:

No strong financial pressures for improved energy performance – student rents typically include an element to cover energy costs so that there is less of a focus on reducing it than in other areas which are not funded (and also a fear of possible student resistance to energy efficiency measures which deprive them of something they have paid for, e.g. warm rooms); 

Divided responsibilities – whilst the Estates function is usually responsible (in institution-operated premises) for the operation of utilities, many of the operating parameters which influence consumption are determined by residence managers;

Apparent disinterest by students.

However, this situation is now changing as the size of energy and water bills increases, student awareness grows, and universities and colleges realise that the area cannot be ignored if they want to improve their overall environmental performance.

To examine the issues, and current performance, in greater depth, HEEPI convened a practitioner workshop at King’s College, London, on 30 November 2006. The workshop was based on residence energy consumption data provided by participants, using HEEPI’s energy and CO2benchmarking tool, CE-Benchbuild.
 

2. Benchmarking Results

Attendees were asked to provide data on fossil fuel and electricity consumption and costs, and basic building data, for their student residences during the period 1 August 2004 - 31 July 2005. 

In total, 13 universities submitted data on 133 residences, comprising:

100 fossil fuel, and 33 electrically, heated;

80 self catered, and 53 catered.

The total energy consumed by the residences was over 237 million kWh and total CO2 emissions were 59,720 tonnes.

The buildings were separated into fossil fuel and electrically heated buildings and then ranked by total unnormalised energy performance, kWh/m2. Discussion was held on the individual buildings, to correct any problems in the data, and to identify the features that were contributing to the buildings’ energy performance. The main points from that discussion are summarised below.  

The final benchmarks
, calculated on the basis of confirmed data, excluding outliers, are given in Tables 1 and 2.  Table 1 also provides data from a previous round of HEEPI benchmarking of fossil-fuel heated residences, for comparison.

Table 1 - Fossil Fuel Heated Residences (based on data from 83 buildings)

	Benchmark
	Typical
	Good
	Best

	
	Fossil fuel
	Electricity
	Fossil fuel
	Electricity
	Fossil fuel 
	Electricity

	Floorspace (kWh/m2) from 2004-2005 data
	247
	69
	174
	48
	28
	42

	Floorspace (kWh/m2) from 2001-02 data
	240
	57
	198
	47
	126
	35

	Carbon dioxide (Kg CO2/m2) 
	76
	62
	24

	Bedspace

(kWh per bed space)
	5483
	1783
	3677
	1285
	2223
	1327 (1)


(1) Note that the “best” performance is based on the electricity and fossil fuel performance associated with the residence with the best total energy performance, therefore it may be  higher than the figure for “good” performance which is calculated from the first quartile only.

Table 2 Electrically Heated Residences (based on data from 25 buildings)

	Benchmark
	Typical
	Good
	Best

	
	Fossil fuel
	Electricity
	Fossil fuel
	Electricity
	Fossil fuel 
	Electricity

	Floorspace (kWh/m2)
	47
	146
	0
	104
	0
	106 (1)

	Carbon dioxide (Kg CO2/m2) 
	71
	58
	45

	Bedspace

(kWh per bed space)
	930
	3437
	0
	2930
	0
	2766 (1)


(1) Note that the “best” performance is based on the electricity and fossil fuel performance associated with the residence with the best total energy performance, therefore it may be  higher than the figure for “good” performance which is calculated from the first quartile only.

Some points arising from the benchmark figures are:

· Electrically heated buildings tend to have a lower total energy use per floor area than fossil fuel heated buildings;

· However, electrically heated buildings which are not supplied under green electricity contracts will tend to have higher carbon dioxide emissions per kWh of energy than fossil fuel buildings.

· In fossil fuel buildings space/water heating is, on average, 78% of the total energy consumption. 

· The 04-05 benchmarks for fossil fuel heated buildings are broadly similar to the 01-02 benchmarks, except for a marked improvement in the “best” performance.

3. Discussion Points

The main points that emerged from the discussion have been grouped into themes as follows:

Design matters

There seems to be no relationship between the age of a building and its performance. Indeed, in one university the newest building was also the worst performing in terms of energy.  

Some buildings that would be expected to have poor performance due to high levels of glazing, performed better than expected.

In general, the orientation and exposure of a building affects energy consumption. The energy use per bed unit is generally lower in buildings that maximise solar gain, and which are not exposed.

It also helps to maximise natural ventilation using trickle vents, though mechanical ventilation combined with heat recovery may also be as effective in terms of energy efficiency. With many residences now designed with en-suite the need for mechanical ventilation increases.

Electric heating has the edge

While the vast majority of buildings submitted were fossil fuel heated buildings, many universities still have a large number of electrically heated residences.  The benchmark results indicate that the electrically heated buildings perform better overall than the fossil fuel heated buildings, and there is a smaller spread of results. One large factor for this better performance is the fact that electric heating facilitates the use of timers in student bedrooms.  For example both Kings College and Queen Mary University all had electrically heated residences with electric panel heaters operated using timers. The advantages of well-insulated, electrically heated, buildings combined with timers includes:


· Popularity with students as they are able to control their own heating system;

· Popularity with residence managers, as they are easier to maintain;

· Popularity with financial directors, as they are generally cheaper to install and maintain than wet systems; 

· Large energy savings because rooms are not heated while the student is out, or on holiday, and corridor heating can be eliminated, or be minimal;

· Energy savings because it avoids the common problem of students opening windows because residences are being over-heated.


On a whole life basis, electric heating may therefore be superior to fossil fuel in both cost and energy consumption in well-insulated buildings. However, this is probably not the case for CO2 emissions when electricity is supplied from conventional sources. Of course, in the future there is the possibility that universities will switch to green electricity contracts, or install their own renewable electricity supplies, to overcome this disadvantage.

Where fossil fuel heating is introduced, a modular system with two smaller boilers instead of one large one can help to reduce consumption during lightly occupied periods such as vacations.

Good controls and metering are vital

Almost all the best performing fossil fuel heated residences were those with good control systems. Residences that had good BMS installed were generally better managed. This inevitably required a high level of metering. 

A good and well managed BMS allows control over the number of hours of heating, both daily and annually, and the area heated. It also responds, in certain cases, to both indoor and outdoor temperatures. In buildings with poor controls (and hence performance) the heating was either on 24/7 or came on at set times of the day, regardless of indoor/outdoor temperature.

The workshop highlighted the need for good metering. Many delegates commented that the process of gathering individual data for the residences highlighted the fact the level of uncertainty with the figures as certain buildings heating systems were supplying others or a poor performing section of a building could affect the overall results for an otherwise well managed residence.

Those universities with a higher level of sub-metering – even to the level of each multi-person student flat - were better able to manage and reduce their energy consumption. Detailed metering of these kind also enables energy charges based on actual consumption, thus providing tenants with an incentive for energy conservation. This is the case at Sheffield Hallam, which has individual metering per student flat/house containing 4/5 or 6 rooms. Smart software displays the results in stairwells. Students are regularly advised on how well they are doing and measures they can take to conserve energy. Student residences that achieve a certain level of energy saving receive rebates on their energy bills at the end of the year.

Good ventilation is crucial

High levels of insulation can mean that internal temperatures rise to uncomfortable levels if heating systems have been over-specified and/or insufficient attention has been paid to ventilation. Problems can be exacerbated – and users become frustrated – when windows only open by small amounts. Trickle vents may be inadequate in these circumstances, which could require some mechanical ventilation. If it incorporates heat recovery these need not add unduly to energy consumption.  

Occupancy and temperature policies can make a difference

Many universities switched off the heating completely in the summer months (May – Sep/Oct). The best performing (fossil fuel) residences were those that heated during the day/evening only, for example between 6 a.m. and 9 p.m.  However, many buildings were still operated 24/7 due to the lack of good controls.

There was also discussion of the value of moving students in holiday periods. Many universities do this to make way for conference accommodation, but this allows universities to shut some of the empty residences down over the vacation periods.  Switching off individual radiators in rooms that are vacant during vacation periods was found to be an effective means to reduce energy consumption.

Related to the above discussion, is the difference in maximum temperature for residences between, or even within, different universities. Most good performing buildings seemed to be operated at a maximum temperature of 20-21 deg C. For example, at Queen Mary University students can maintain a room temperature of 20 deg C with a timer, with a fall back temperature of 16 deg C.

However many universities commented that the decision on temperature settings was often the responsibility of residence managers, and there was an erroneous assumption that if residences were self-funded, it didn’t matter how much energy was used, as the students would pay for it. As a consequence some university residences were being maintained at temperatures as high as 29 deg C. 

Some universities had policies on maximum temperature, though many commented that it would be useful to have a heating policy which stipulated maximum temperature, heating times (daily and yearly) etc. A common complaint was that it was often difficult for energy managers to persuade residence managers of the importance of energy conservation. The discussion highlighted the need for greater cooperation between energy and residence managers.

Water efficiency also helps minimise energy consumption

In some universities, eg Manchester, the installation of low flow shower heads in a number of residences, reduced energy consumption associated with water heating, as well as water consumption.

One university, King’s college, which doses its freshwater system with chlorine dioxide on health and safety grounds (to reduce risk of legionella) found that this enabled them to run its water heating system at a lower temperature of 45 deg C, saving substantial energy costs.

Lighting loads can be safely reduced

Although lighting is likely to form a small proportion of overall energy consumption, this is an area where it is possible to make quick and cost-effective gains. The use of presence-detection lighting was found to work well in several universities, though it was not recommended in stairwells on health and safety grounds. However it was important that presence detector lighting includes a manual user override.

Lighting levels are often much higher than necessary. The CIBSE design target for corridors of 100 lux should be treated as a maximum, rather than minimum. The provision of excessive fittings wastes energy and increases maintenance costs. The most efficient lamps and luminaires should be part of any design specification. One university found that turning the lighting down to 10% of recommended levels in corridors, with presence detectors that increase the lighting levels to 50%, worked well and reduced energy consumption.

Many universities also provided low level lighting for bedrooms with separate task lighting. 

One university found that its emergency lighting was consuming a large load during the daytime – both maintained and non-maintained lights.  It was suggested to switch to LED lighting, or use metal halide lamps with daylight sensors..

Plug loads are increasing

Some universities have policies or follow the practice of specifying only ‘A’-rated appliances, such as fridges. As these generally cost no more than lower rated appliances, this should be a cost effective measure. However, it was noted that without any specification many contractors tend to install end-of-line appliances, that are more likely to be lower rated. This issue is especially important, as some newly designed residences, e.g. at King’s College, are putting fridges into individual rooms.

Student awareness and incentives are vital

The need to focus on behavioural change as much as technical measures has been highlighted by a program at Harvard where it was found that energy savings of 30-40% were possible with technical measures while further savings of 30-35% were achieved through behavioural measures involving students. Several of the universities present had initiated campaigns involving students. Some good examples from across the sector include:

LSE – Students are guaranteed a place in halls if they volunteer to become energy champions.  This resulted in 40-50 students volunteering to act as champions, and working with managers on energy saving initiatives. LSE takes monthly readings in residences and publishes them to student bodies. The biggest savings were achieved in one residence where students were most enthusiastic about switching off lights etc. Most complaints about lack of heating are received from overseas students, who are not used to dressing warmly. It was found that it is more effective for students to talk to them about the need to dress warmly than managers.  

Durham - Sustainable Living Action Group (SLAG) - Student champions are pulled together in a very structured programme of initiatives, including energy saving. Involving students also helps to gain support for technical measures, and avoids the problems of sabotage of certain energy efficiency measures e.g. students overriding timer systems.

There does seem to be increasing interest from students in energy efficient residences, for reasons of cost, comfort and awareness. Hence, the importance of this topic will increase in future. Indeed, given the likely increase in competition between institutional and private residences for tenants, it is possible that energy and environmental performance might become a means of differentiation for some buildings.

Need for better linkages between estates and residences staff

The workshop also highlighted a communication gap between estates and residence managers which needs to be bridged if full energy saving potentials are to be realised. Better relationships are also important if the transport impacts of residences are to be produced. The evidence from the Green Gown Awards is that car journeys can be reduced through a combination of improved bus services, better support for cycling and walking, and control of parking.

4. Example - Great Dover St Hostel, King’s College

The event included a tour of this residence which, coincidentally, emerged as one of the most energy efficient buildings of the sample. The hostel has a floor area of around 18,600 square metres, and houses 769 students.  All the rooms are en-suite, and are electrically heated with an electric panel heater in each room.  The total energy performance indicator was 135 kWh/m2, which was one of the best performing electrically heated residences in the dataset. Some of the energy efficient features which were thought to be responsible for the good performance included:

· High levels of insulation

· A two-hour timer on the electric panel heater

· A maximum room temperature of 21 deg C 

· Unheated corridors 

· Mechanical ventilation with heat recovery for the bathrooms.

· Instant hot water systems for showers & kitchens

· Low energy lighting in the rooms (though task lighting is CSL)

The high levels of insulation meant that the unheated corridors and unoccupied rooms felt a comfortable temperature even in late November. 

5. Key Action Points

At the end of the workshop, participants identified the key learning points for residence design and operation. These were:

Design

· Maximise solar orientation

· Use sustainable materials, with low embedded energy 

· Maximise natural ventilation OR use heat recovery combined with mechanical ventilation

· Ensure high levels of insulation

· For fossil fuel heated buildings ensure modularity of equipment, boilers, pumps etc, to allow the building systems to run at less than peak loads

· Where possible install effective BMS for fossil fuel heated residences, backed up by sufficient training to allow optimum operation

· Ensure high levels of metering and sub-metering – if you can’t measure it you can’t manage it

· Consider the implications of the design and materials used for cleaning, and especially whether it is reducing the need to use harsh chemicals.

Operation

· If fossil fuel heated, ensure that the residence has an effective BMS, to adjust heating to outdoor and indoor temperatures and prevent heating of rooms when students are absent.

· If electrically heated ensure that the heating system is based on an individually operated timer system

· Introduce a policy for maximum temperatures of 20-21 deg C and time of heating during the day and year

· Introduce a policy to ensure all lighting is CFL

· Minimise lighting levels in corridors 

· Consider presence detection systems for lighting

· Install low flow shower heads on all showers – to conserve both water and heating energy

· Consider sub-metering of heating, appliances and lighting systems.

Student Initiatives

· Work with residence managers and student bodies to introduce energy awareness campaigns

· Do not just rely on passive measures, such as posters and leaflets. Develop student energy champions for each residence to help spread the message 

· Consider incentives such as rebates on rental for halls or individual units that meet energy targets (which requires effective sub-metering).
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