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ABSTRACT: This paper summarises one of the preliminary stages of a Building Energy End-use 
Project carried out at the Victoria University of Wellington, School of Architecture and Design. It is a 
pilot study for an investigation of the end uses of energy in non-residential buildings. The full study has 
been scoped as a combination of data derived from National Energy Statistics, National Statistics on 
building size, the Database of Energy Audits maintained by the Energy Efficiency and Conservation 
Authority (EECA) and detailed monitoring studies of end uses of energy in a few carefully selected 

buildings. The goal of the work described here was to determine how monitored data might supplement 
the information derived from energy audit information of the type held in EECA's database. A small 
section of the building was monitored to investigate the nature of the data gained. The results of the 
small scale study were also extrapolated to explore the likely outcomes of monitoring at full scale level.  
It was determined that in-depth monitoring needn't be carried out on a full scale basis, but should be 
used to answer questions arising from energy audits and PROBE studies. 
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1. INTRODUCTION 
 
New Zealand’s National Energy Efficiency and 
Conservation Strategy (NEECS) identifies the need for a 
Building Energy End-use Project (BEEP), an 
investigation into the energy consumption patterns of 
commercial buildings.  It is hoped that such a study 

would provide a similar understanding of the energy use 
and service provision currently available with regards to 
residential buildings, and that this knowledge could then 
be applied to policy development in the area.  A scoping 
study for BEEP was carried out by the Centre for 
Building Performance Research (CBPR) for EECA in 
2003.  Due to the varied nature of commercial building’s 
size and type the same representative sampling and 
analysis used in residential studies would be prohibitively 

expensive.  The scoping study proposed a research 
methodology designed to reduce costs and take 
advantage of existing sources of information such as 
energy audits and BMS records.  This report is a 
continuation of the project to a preliminary level using the 
Victoria University of Wellington’s School of Architecture 
and Design as a case study.  A test area is studied in 
detail to clarify what can be learned from in depth 

research, and how this information may be used to 
confirm energy audit estimates of energy end-use and 
distribution. 
 
1.1. BEEP 
It is hoped that BEEP will allow EECA to understand 
non-residential building energy policy implications in a 
way similar to the understanding of the residential market 

gained through the Household Energy End-use Project 
(HEEP).  The ultimate objectives and applications of the 
findings of BEEP were outlined in the Scoping Study as 
those required to: 
(i) Construct a proposal for the development of a Building 

Energy Rating Scheme (BERS) that genuinely 
addressed the energy use of commercial buildings. 

(ii) Advise Property Council of New Zealand members of 
the energy use implications of their different quality 
ratings of buildings. 

(iii) Develop appropriate tools for policy makers to enable 
them to focus on the significant drivers of energy use in 
the commercial sector. 

(iv) Understand the likely impact of the introduction of 
Minimum Energy Performance Standards (MEPS) for 
appliances in commercial buildings. 

A study which adapts conventional statistical survey 
techniques to collect enough meaningful information to 
meet the above objectives is likely to be expensive.  The 
HEEP project is in its final year of monitoring and has 
already cost several million dollars.  EECA currently has 

concerns about the costs of similar detailed monitoring of 
a representative sample of non-residential buildings.  
The proposed BEEP process (Wilks, Donn & Baird, 
2003) is designed to minimise these costs.  However, 
before embarking on a full scale project EECA wished to 
know what further information the detailed monitoring 
portions of BEEP was likely to produce.  Of particular 
interest was how these studies fitted with the information 

currently available in the EECA database of energy 
audits carried out under their Energy Audit Grants 
Scheme. 
This study focuses on collecting indicative data from a 
detailed study with the aim of investigating the benefits 
and likely advancement of knowledge gained through 
this study compared with that available from more 
general, higher level information.  This was to enable 

EECA to better understand what sort of data an in depth 
study of a buildings energy use would produce, and how 
the findings of such a study could be applied.   
 

2. INVESTIGATION 
 
In order to find the benefits of a detailed building energy 
study a small scale test was carried out using the Victoria 
University of Wellington Schools of Architecture and 
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Design at 139 Vivian Street in Wellington.  In addition to 
a previous energy audit the CBPR had also carried out a 
PROBE (Post-Occupancy Review of Buildings and their 
Engineering) study of the building which provides 

valuable information with regards to service delivery and 
occupant’s evaluations of the environment delivered by 
the building services and other systems. 
 
2.1. Description of Test Area 
For practical and funding reasons only a section of one 
floor could be studied.  The selected area was a 688m

2
 

section of the second floor on the North-East corner of 

the building.  This area is made up of both staff offices 
and student studio space.  All areas have openable 
windows to allow some level of daylighting and natural 
ventilation.  In the larger studio spaces some conditioned 
air is also provided to supplement the air from the 
windows.  The studio, staff and seminar rooms also use 
the central services for heating. 
 

2.2. Data Sources 
The study made use of four methods of data collection; a 
summary of the information contained within the energy 
audit database (and the buildings energy audit 
specifically), actual measured data of the electricity and 
gas consumption, sensor readings and hours run data 
from the buildings BMS, and the results of a PROBE 
study previously completed on the building as a source 

of information regarding occupants perceptions of 
service delivery. 
 
2.2.1. Energy Audit Database 
Currently the database contains the details of over ninety 
buildings of all types, of which 32 are commercial office 
buildings.  The database contains information on the 
energy end-uses of all buildings audited, details of each 
building such as size, location, type and energy split by 

end-use.  Also included in the database are the areas or 
end uses where the most valuable and/or easiest energy 
savings have been recommended.  This gives an 
indication of areas where significant potential savings 
could be made through a general application to other 
buildings.  A summary report of all the above for 
commercial buildings was produced and analysed as to 
its suitability to general application. 

 
2.2.2. Measured Data 
Electricity usage within the test area was monitored 
using current clamps.  Wiring and lighting diagrams of 
the test area were attained and relevant circuits selected 
for clamping.  Monitoring equipment was in place for two 
weeks measuring the total current drawn on each circuit  
Plug loads in the studio was expected to be minimal as 

the only power usage is for small portable stereos.  Plug 
loads in the offices was expected to be significantly 
higher with each office having at least one PC, plus 
additional small appliances and peripherals.  Several 
appliances are present in the staff room namely; a fridge, 
microwave and water cooler.  There are also two small 
under-bench hot water cylinders servicing sinks in the 
staffroom and studio respectively and an additional 

instant water heater in the staffroom for hot drinks. 
The open studios in the test area have some service 
delivered by the buildings central heating and ventilation 
system.  Clamps were placed on the AHU’s to monitor 
their usage, while a thermocouple recorded when the 
boiler was running.  Furthermore, the building’s gas 
meter was read manually daily at 8am and 5pm.  The 
assumption was made that all parts of the building are 
heated equally therefore, the proportion of the total 

heating and ventilation energy attributed to the test area 
was calculated simply on the basis of floor area.   
The levels of service delivered to the test area by the 
energy sources were measured in terms of lux levels for 

lighting, and temperature for internal conditions.  
Illumination levels were measured manually according to 
standard procedural guidelines.  The internal conditions 
in the offices along the eastern wall were assumed to be 
similar; therefore temperature (and humidity) was 
monitored in one office only. 
 
2.2.3. BMS Data 

In addition to the measured data recorded some data 
was taken from the BMS to investigate the possibility of 
any discrepancies or error in the BMS’s logging system.  
The hours run for the boiler was recorded.  Also the level 
of service achieved by the heating system was monitored 
using an existing BMS sensor.  The sensor recorded 
temperature in the main studio space at fifteen minute 
intervals.  External temperatures were also monitored 

using the BMS supply air temperature sensor. 
 
2.2.4. PROBE Study 
The PROBE study was not part of the original project, 
the results have been added to the original research 
design in order to examine the question of service 
delivery.  Obviously saving energy by turning everything 
off is never an option as the occupants still require a 

minimum level of comfort.  The PROBE study was 
carried out by the CBPR in 2003 and, due to the nature 
of the building use and the fact that there has been no 
real change in building operation since this time, the 
information held in the report is believed to be relevant to 
this study. 
 

3. FINDINGS 
 
3.1. Energy Audits 

Summary reports of the energy audit database and a 
copy of the energy audit of the building were obtained 
and analysed for relevant information.  With regards to 
the database, only commercial office buildings were 
looked at in detail, although the database does contain a 
small number of audits on tertiary education buildings it 
was felt that the sample was not representative enough 
at this stage to allow meaningful comparison with 139 
Vivian Street at this stage. 

  
3.1.1. Energy Audit Database 
According to the EECA database the average 
commercial office building uses 1,776,309kWh of energy 
per year from all sources.  While the database revealed 
the main energy sources are electricity followed by gas, 
there was no way of investigating the uses for each 
energy source from the data received.  It can be 

assumed that gas, oil and coal would be used principally 
for space heating, and more obviously electricity for 
lighting and office equipment, but it would be much more 
desirable to be able to draw definitive conclusions. 
Common recommendations which have brought 
reasonable cost savings have been related 
predominantly with HVAC systems, in particular the 
improvement of controls and reduction of setpoints.  In 

some cases auditors have recommended 
recommissioning the building.  Other successful 
recommendations have been associated with lighting 
schemes, the building envelope and in management 
(which are improvements in behaviour and billing rather 
than the energy performance of the building. 
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3.1.2. Energy Audit of 139 Vivian Street 
The energy audit of 139 Vivian Street carried out by 
Energy Solutions Limited found that the building used a 
total of 1,776,672kWh/yr.  This equated to an EUI of 

159kWh/m
2
yr.  This is not only below the average for 

commercial New Zealand buildings (typically 
200kWh/m

2
yr) but also below the Australasian 

Universities benchmark of 167kWh/m
2
yr.  The total 

energy consumption was divided up by end use as per 
Table 1 below. 
 

Table 1: Distribution of energy by end use – 139 Vivian St. 

End use Energy Use (kWh/yr) % of total 

Gas heat 
Lights 

Equipment 
HVAC 
Lifts 

591,195 
661,493 

157,567 
365,556 

861 

33.3 
37.2 

8.9 
20.6 
0.1 

Totals 1,776,672 100.0 

 
The audit identifies several areas for possible savings 

mainly involving alterations to the ventilation systems 
and procedures, and turning off lights and computers.   
Daily load profiles identified that the building had a high 
base load throughout the night.  The auditors assumed 
that this was because studio lights and PC’s were left on 
overnight, everynight.  Other assumptions were made 
regarding occupancy and building operation however no 
further in-depth analysis of the building use was carried 
out, or testing to see if the building was actually following 

BMS instructions.   
Such detailed study in order to clarify or test assumptions 
is beyond the scope of a level two energy audit, as is 
measuring the level of service delivery.  Both these 
issues have to be addressed using actual measured 
data. 
 
3.2. Measured and BMS Data 

Measured data was collected by Energy Solutions 
Limited.  The power consumption of the two air handlers 
was measured however due to a problem with the 
equipment one AHU appeared to be drawing 70 Amps 
throughout the whole monitoring period.  This was likely 
to have been caused by a faulty connection between the 
logger and the CT.  At the time of installation and 
removal the AHU was seen to be drawing 17 Amps.  To 

further compound the issue the remaining AHU was not 
running properly and kept dropping a phase. This AHU 
only ran for a short time during the test period.   
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Figure 1: Comparison between actual and BMS boiler hours of 

operation. 

 
A thermocouple suspended near the boiler took 
temperature readings within the plantroom, while logs of 

boiler usage were recorded from the BMS.  Figure 2 
shows both data sources, the stepwise off/on switching 

of the BMS logs and the more fluid, yet still very definite, 
temperature records.  The boiler can be seen to have run 
intermittently for the first few days then most working 
hours for the remainder of the period. 

One of the most significant grey areas arising from the 
energy audit of the building was the number of hours the 
lights and PC’s were left on.  The results of the power 
consumption measurements are shown in Figures 2 and 
3 (next pages).  Figure 2 shows the studio lighting while 
Figure 3 shows the power consumption of the office 
lighting and computers. 
Note that the lighting circuit labelled ‘Studio 2’ consists of 

the lights closest to the windows, while the circuit ‘Studio 
1’ is the furthest away from any natural light.  The hours 
of use of the office lights and equipment follow an 
obvious ‘9 to 5, Monday to Friday’ style pattern (the 5-7

th
 

of June was a long weekend).   
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Figure 2: Studio lighting load. 

 
The power consumption from hot water use was also 
monitored.  The data does not graph clearly due to the 

off/on switching of the hot water cylinders.  It was found 
that there were no large breaks in operation where 
cylinders have been turned off overnight or for the 
weekend. 
The remaining measurements were made to assess the 
level of service delivery to the test area.  Lighting levels 
were measured in the main studio.  The illuminance was 
found to range from 585 – 250lux, with an average of 
433lux.  The minimum level of illuminance according to 

New Zealand Standard 6703:1984 for an educational 
space is 500lux.  Clearly the lighting level in the studio is 
below standard.  The lighting power density in the studio 
is around 9.5W/m

2
, well below the minimum level of 

18W/m
2
 set by New Zealand Standard 4243:1996 for an 

‘other educational establishment’ (ie: not a school).  This 
implies that extra lighting could be added to the space to 
raise illumination levels without pushing the lighting 

power density above the minimum level. 
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Figure 3: Office lighting and plug loads. 
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Measurements of temperature and humidity were also 
made in a vacant office (which was still being 
conditioned) using a thermohygrograph, while the BMS 
was used to record temperatures in the studio area.  

External temperatures were measured using the BMS 
supply air temperature sensor (the BMS keeps no record 
of humidity).  The traces are reproduced here in Figure 4. 
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Figure 4: Comparison between measured and BMS 

temperatures. 

 
It can be seen that for the most part the temperature is 

reasonably stable, varying by only a few degrees overall.  
This indicates that the building, through its structure and 
services, performs very well at maintaining a fairly 
constant temperature.  The dip in the temperature trace 
around the 7

th
 of June corresponds with the period the 

buildings heating system was turned off (visible in Figure 
1). 
Note that the internal temperature is recorded by a 
sensor within the studio space rather than an office as 

above.  The heating set point for the studio is 21
o
C.  The 

trace can be seen to be higher than the set point for most 
of the duration while never getting excessively hot.  
Temperatures appear to be very stable, particularly 
throughout for the first week. 
 
3.3. PROBE Study 
The standard PROBE survey (with additional sections 

related to interruptions and journey to work) was 
administered to 68 staff members, while 324 students 
replied to an abbreviated survey covering design, 
comfort and productivity.  These sections give the most 
valuable feedback with regards to service delivery.  
Overall the building rated reasonably well but still has 
scope for improvement. 
Most staff members work in their own offices and 

consequently the responses reflect only their perceptions 
of their immediate conditions rather than that of the 
building as a whole.  One issue raised concerning the 
whole building was that the air quality was felt to be 
stuffy and dry with a slight odour (it must be noted that 
the fresh air intakes for the building are nearby an 
adjacent coffee roasting house, consequentially the 
building can smell strongly of roast coffee in a 

southerly!).  In addition it was felt that the internal 
temperature in both summer and winter was too hot. 
This heat and stuffiness was blamed for a feeling of 
tiredness and lack of productivity in many comments 
from the occupants.  Overall it was felt that the ventilation 
rate was too low and more fresh air should be brought 
into the building, especially in work areas with no 
external windows.  This is interesting as one of the 
recommendations in the energy audit was to actually 

reduce the amount of fresh air during winter.  Clearly this 
recommendation, while decreasing energy costs, could 
worsen an existing (perceived) source of concern.  This 

is an example of the undesirable situation where energy 
efficiency may come at a cost to user comfort.  Given 
that occupants reported being too hot a more suitable 
recommendation may have been to simply reduce the 

heating set point. 
Staff members also felt that the building relied too much 
on artificial lighting, particularly those in work places 
without any external windows.  Those occupants with 
windows however complained of glare at some times of 
the day, and those on the west façade felt their offices 
overheated in the afternoon. 
The students represent a more transient type of building 

user as they are not wholly confined to one room.  While 
many of the salient points brought up in the students 
responses were the same as those from the staff (eg: the 
same general complaint of the air being hot, stuffy and 
inducing drowsiness), some issues raised were only 
applicable to certain areas which staff members had little 
experience of conditions. 
In several areas throughout the school, namely the 

student computer labs and one of the lecture theatres, it 
was felt that the internal temperature was either too cold 
when the air conditioning was on, or too hot and stuffy 
when it was off.  Students also complained about the 
overuse of artificial lighting and the relative lack of 
natural light in internal spaces.  Interestingly, students 
felt that studios in particular were overlit and suffered 
from glare from the fluorescent lighting.  While some 

individual comments stated that task lighting had to be 
used when at a drawing board the majority of the 
responses contradicted the suggestion from Section 3.2 
and NZS6703 above that the studio was underlit (note 
that being underlit and being below standard are 
arguably not the same thing). 
 

4. ANALYSIS 
 
The findings above provided insights into how the test 

area operates and uses energy from several sources and 
viewpoints.  In order to develop this knowledge further 
the data must be examined to greater detail, and 
comparisons made between various sources. 
 
4.1. Measured and BMS Data 
Temperatures and central plant were both measured and 
monitored using the BMS.  External and studio 
temperatures were recorded from the BMS while 

temperatures were recorded using a thermohygrograph.  
It was believed that the thermal performance of each 
space would not differ considerably as both spaces are 
heated by the same central services and have little in the 
way of thermal separation between them.  It can be seen 
in Figure 4 that while the two temperatures follow the 
same pattern, the office temperature is consistently 
around four degrees lower than the temperature in the 

studio.  This difference in temperature was not noticed 
during the installation or upkeep of the 
thermohygrograph, though a dip in recorded temperature 
can be seen at the start of the green trace where the 
thermohygrograph was moved from the studio (where it 
was calibrated) into the office.  Other explanations for the 
temperature difference could be that the BMS is 
recording temperatures systematically high, either 

through an error in calibration or because the sensor is 
close to source of heat such as a light. 
Comparisons can also be made between the 
measurements made of boilers hours of operation and 
the times when the BMS thinks the boiler is running.   
Unfortunately, due to the problems with the readings on 
one AHU and the other AHU experiencing faults, these 
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results were not analysed further.  As shown in Figure 1 
above the boiler runs in accordance with BMS 
instructions, however 139 Vivian Street is a well 
maintained and managed building and this may not be 

the case generally. 
 
4.2. Measured Data and Audits 
The measurements taken allowed the energy balance 
determined by Energy Solutions to be refined as below.  
Note that while the energy balance from the audit applies 
to the annual energy use of the whole building, the 
energy balance derived from the measured data only 

applies to the test area for the duration of the test period.   
The most notable difference between the two sets of 
numbers is the increase in the heating energy.  A large 
part of this difference is due to the test being carried out 
during the heating season, while the audit refers to the 
proportion of energy use over the whole year. Not only 
does this make the proportion of heating energy seem 
artificially high, but also the other end-uses artificially low 

through this period. 
 
Table 1: Energy balance from audit (Energy Solutions Limited) 

and measured data. 

End-use Energy use 

(audit) 
[%] 

Energy use 

(measured) 
[kWh] 

Energy use 

(measured) 
[%] 

Gas Heat 

Lights 
Equipment 
- computers 

- hot water 
- miscellaneous 
HVAC 

Lifts 

33.3 

37.2 
8.9 

 

 
 

20.6 

0.1 

4254 

998 
(391) 
234 

125 
31 
273 

N/A 

71.9 

16.9 
(6.6) 
4.0 

2.1 
0.5 
4.6 

N/A 

Totals 100.0 5917 100.0 

 
Also the HVAC figure is vastly different.  This would have 
been partly due to fact that only one AHU was 
functioning at the time of monitoring, but also that the 
HVAC total for the audit includes several isolated air 
conditioning units used to condition computer labs and 
lecture theatres not included in the test area. 
The least explainable difference is in the figures for 

lighting.  Although the monitoring largely confirmed the 
assumption made by Energy Solutions that the studio 
lights were left on overnight, the relative proportions are 
vastly different.  This difference may only be due to the 
seasonal difference, or it could be that there are other 
more light intensive areas within the building where the 
occupants have even poorer switching habits. 
 

4.3. Energy Audit Database 
The energy audit database held by EECA contains some 
valuable information which can be applied to buildings of 
each type separable by SIC codes.  As the number of 
audits making up the database increases so too does the 
accuracy and applicability of the information available 
through a more representative sample of each building 
type.  While the database summary quoted above gives 
an indication of likely energy end-uses and provides a 

base for policy advice on a broad national scale, it 
suffers from the same limitations as an individual audit, in 
that the information is based on assumptions which go 
largely untested. 
The database is further limited by being only as accurate 
as the audits contained within it.  Energy audits are 
carried out under New Zealand Standard 3589:2000 
which can at times be ambiguous as to what is exactly 

demanded from an energy audit of any level.  In the case 

of a level two energy audit the standard states (clause 
7.3): 

A Level 2 audit identifies the sources of energy to a site, 

the amount of energy supplied, and what the energy is 
used for.  It also identifies areas where savings may be 
made, recommends measures to be taken, and provides 

a statement of costs and potential savings. 

This implies that a level two energy audit may contain 
very few – if any – actual measurements.  Furthermore 
the standard sets the level of accuracy for a level two 
audit at ±20%.  This implies that in some cases even the 

total energy use may be one fifth less (or more) than that 
stated in an energy audit.  It is unlikely that EECA will 
want to base policy decisions or advice on a resource 
that is only ±20% accurate.  The refinement of accuracy 
and testing of assumptions can only be achieved through 
in-depth analysis of a building’s energy use and trends. 
 

5. EXTRAPOLATION TO GENERAL CASE 
 
The above results and analysis have demonstrated what 

sort of data and conclusions would result from a detailed 
building energy analysis.  The task now is to try to 
understand how the findings of a small case study can 
be extended to full scale monitoring. 
The test area was selected with this in mind.  It was 
assumed that the combination of offices and studio is a 
reasonable approximation of a commercial office using 
both an open plan layout and enclosed senior offices.  
The area monitored also included the staff room and a 

seminar/teaching room used sporadically.  It has been 
assumed that the seminar room is similar to a meeting 
room likely to be present in a commercial office. 
The electricity loadings in each case are also likely to be 
similar, with the exception being that an open plan office 
will have a much higher plug load due to there being 
desktop computers in place of drawing boards.  Lighting 
loads would be almost identical with both spaces using a 

ceiling grid of fluorescent battens on several manual 
switches.  Although 139 Vivian Street’s hours of 
operation would differ from a commercial office 
(particularly towards the end of the university semester) 
the same situation arises in an office where a whole floor 
is illuminated because one person is working after hours.  
Consequentially the data one could expect from a full 
scale study of a large commercial building can be 

expected to have the same look and feel – but there will 
of course be a lot more of it. 
To monitor every lighting or plug circuit in even a medium 
sized building would be a massive undertaking, not to 
mention expensive.  Therefore it is not recommended 
that a detailed building energy analysis be carried out 
without at least a level two energy audit and preferably a 
PROBE or similar post occupancy evaluation carried out 

on the building beforehand, either as a separate study or 
as a preliminary stage of the detailed study.  In this way 
an in-depth investigation can be carried out only in areas 
which require further understanding – testing 
assumptions made during the audit, or examining the 
validity of the occupant’s reports.  This would save a 
significant amount of time, effort and money. 
A building’s central services can be monitored in a 
similar way to that above, the obvious extension being 

that, unlike 139 Vivian Street, a commercial building is 
likely to have a chiller.  The buildings BMS system is a 
valuable source of information in this regard, particularly 
temperatures and other internal conditions depending on 
the parameters monitored.  However informal 
communication with energy auditors reveal that buildings 
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often do not behave in the way the BMS (or building 
managers) have been programmed.   
Even a study of several concentrated areas will still 
produce a large amount of data.  The HEEP study 

employs three full time staff members working continually 
analysing and auditing data as it arrives.  BEEP can be 
expected to produce at least as much – if not more – 
data as the HEEP study.  Clearly this raises the need for 
excellent data management and project administration.  
These issues must be carefully investigated in any 
further, more significant, study. 
 

6. PROPOSAL FOR NEXT PHASE 
 

Using the findings from the current study the aims of the 
next phase of BEEP (outlined in the scoping study) 
should be reprioritised, namely that the uses of the BEEP 
data should be identified before the development of a 
detailed sampling and methodology is established. 
The brief analysis of the energy audit database above 
gives only a snapshot of the data contained within.  With 
greater access to the complete database a vast array of 

valuable information relating to energy use in all types of 
buildings would be unearthed.  The same is true of all 
previous research conducted in the field, particularly with 
regards to establishing an historical baseline from which 
to interpret current trends.  Once a more complete 
analysis of the contents of the energy audit database 
and other sources of national data has been carried out it 
can be determined what energy use or policy questions 

can already be answered.  Only then can we decide what 
questions BEEP should ask. 
At the moment there is confusion as to exactly what 
questions it is hoped BEEP should answer.  Once these 
have been determined the study can be focussed to the 
required level in terms of the sample size required and 
the level of detail of the monitoring.  Completion of the 
basic groundwork and a well defined set of goals or 

strategies will go a long way to limit the costs and time 
involved in the long term.  This is particularly important 
with regards to sample sizing and structure.  It may be 
that some building types could be excluded from the 
overall population as there are not enough ‘unknowns’ to 
warrant their inclusion, or that the particular conclusions 
required do not relate to a certain type of building. 
In the same way that a literary review would help focus 
BEEP in a general sense, the investigation of a particular 

building can be focussed through the use of energy 
audits and PROBE studies.  Any building selected for in 
depth analysis would first need to have at least a level 
two energy audit and a PROBE study carried out.  The 

findings from these studies can then be analysed for 
inconsistencies or assumptions which need verifying.  
This means that the detailed investigation can be 
restricted only to the areas which require further 
attention. 
The next phase of BEEP depends on the formation of 
the policy questions EECA is seeking to answer.  Once 
these have been determined a detailed analysis of two or 

three full buildings (which have been audited and had the 
occupants surveyed) should be carried out to further 
investigate what extent and level of detailed monitoring is 
sufficient to provide the necessary information.   
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