BRANZ

STUDY REPORT

SR236(2010)

Building Energy EAdse
Study (BEES) Year 3

Nigel Isaacsd€d),Kay SavilleSmith, Michael
Babylon, Rob Bishop, Michael Camilleri, Mich
Donn, John Jowett, Duncan Moore, Hans Rol

Z1-71 v 4 irom the Building Research Levy

% Foundation for RESEARCH SCIENCE & TECHNOLOGY

Tuipapa Rangahau Piitaiao

- -
f§ Department of

Building and Housing

Te Tari Kaupapa Whare

The work reported here was jointly funded by BRANZ from the Building Research
Levy, the Foundation for Research, Science and Technology (FRST) from the
Public Good Science Fund, the Department of Building and Housing (DBH) and
the Energy Efficiency and Conservation Authority (EECA).

© BRANZ 2010
ISSN: 1179-6197



Executive Summary

Building Energy ERdse Study (BEES) Year 3
Authors

Nigel Isaacs (ed.), Kay Saville-Smith, Michael Babylon, Rob Bishop, Michael Camilleri,
Michael Donn, John Jowett, Duncan Moore, Hans Roberti

Introduction

This Executive Summary provides an overview of the full report, which can be
downloaded from www.branz.co.nz or purchased from the BRANZ Bookshop.

BEES is jointly funded by BRANZ from the Building Research Levy, the Foundation for
Research, Science and Technology (FRST) from the Public Good Science Fund, the
Department of Building and Housing (DBH) and the Energy Efficiency and
Conservation Authority (EECA). Their support is gratefully acknowledged.

The BEES programme will provide a greater understanding of the how, why, where and

when of energy and wat er -rasideatial buildingseTaroughe al and 6
actual measurement and analysis of energy use in buildings, BEES will identify
opportunities for increased operational energy and water efficiency. The programme

has eight key objectives:

¢ Quantify and characterise the energy use in N.Z. non-residential buildings
Understand how ener gy-redidentialmillidgsi n t odayo6s nc
Improve the basis for government policy development and implementation
Improve models of non-residential building energy use
Provide guidance to create more productive work environments
Support the reduction of GHG emissions and adaptation to climate change
Provide design and operation guidance to reduce energy consumption and GHG
emissions
Improve the basis for development of the New Zealand Building Code (NZBC),
Standards and energy rating tools such as GreenStar.

Understanding the non-residential buildings sector

The non-residential buildings sector has been divided into five floor area strata (see

BEES Year 1-2 report), to give approximately equal total floor areas for each group, as

shown in Table i. This approach increases the statistical precision of the survey. It

should be noted that these numbers continue to be provisional, as there is no national

list of non-residential buildings. They are based on amalgamation of valuation data into

6Buil ding Recordsbéb, and will be refined as t
provide greater certainty. For example, initial work has shown that 4.4% of the Building

Records have 2 buildings, while 1.7% have 3 or more buildings

Table i: Non-residential size strata

Floor Area Strata | 1 | 2 | 3 | 4 | 5 | Total

Minimum Floor Area ..5.m2i 650 m2i 1,500 m?} 3,500 m2i 9,000mzE
ApRIOX.. .No..  0i33781:10081: 4288;  1825i . 564:50,539,
% of Buildings P 67%: 20%: 8% 4% 19%: 100%
Total Floor Area (million m?) 9.9 9.6 9.5 9.6 9.8] 48.3
% floor 20%| 20% 20% 20% 20%| 100%
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BEES has now obtained data on approximately 2,000 buildings, including location, floor
area, foot plate etc, which has allowed the production of simple 3D computer models.
This has been achieved making use of PropertylQ valuation data, web searching
including online mapping systems and site visits. This forms a unique database of the
non-residential stock, and will support a range of future analysis based around the
buildings rather than the traditional statistical exploration of business economic
activities. This database also supports the random selection of buildings for the other
research components.

A national telephone survey was planned, specified and undertaken on a sample of
approximately 1,000 Building Records. Although the unit of analysis is the building, it is
necessary to survey individual building premises. The phone survey requested
information on: occupancy and use; energy and water supply; tenure conditions; and
building characteristics, Rather than asking for detailed energy and water use data,
permission was requested to access revenue meter data. Where the premise responds
positively, the revenue records are obtained and subjected to preliminary analysis. 268
premises responded positively, although the resultant number of buildings is about 146.
The data will be subject to analysis in Year 4.

A range of data is available on the businesses and their premises e.g. 70% of the
businesses had a fixed term and 14% a periodic lease. Just over half (53%) of the
business had been in their premise for up to six years, with 11% for over 22 years.
Although the majority of businesses directly purchase their energy, 15% of gas users
and 11% of electricity users had it included in the rent. On the other hand, only 18% of
business report paying directly for their water. Equipment data was also collected e.g.
92% of businesses had 1 or more computers, while 50% had a water cooler.

Approximately 60 premises, selected from the database, were targeted for the
installation of specialist monitoring equipment and each monitored for about 2
weeks. For each premise, this includes: monitoring of energy and environmental data;
an appliance audit; a lighting audit; a building audit; a hot water audit; a water audit; an
equipment audit (e.g. HVAC, lifts etc); and an occupant details questionnaire. The
monitoring equipment has been supplied by Multivoies (www.omegawatt.fr) which
connect through the GPRS cellphone network to provide remote data collection and
Energy Logger Pro (www.onsetcomp.com/data-logger). A camera based system has
been developed for monitoring of large gas and water meters. Based on a low-cost
commercial time-lapse camera, it provides an effective solution to this difficult problem.

Agreement has been reached with Ove Arup to use the BUS instrument for the social
research component of the project (www.usablebuildings.co.uk). This instrument has
been internationally used and validated over a number of years, offering a valuable
baseline for the evaluation of the BEES buildings. The selection of the BUS instrument
included an evaluation of the cost of creating a BEES survey instrument and calibrating
it compared to using existing options.

Early monitoring results i energy & environmental

The monitored data is processed and subjected to a preliminary analysis. The major
electrical end-uses in the surveyed buildings are: premises total; lighting; air-
conditioning; plug loads; and hot water. Based on the small number of monitored
buildings, daily electricity use varies widely, from 7.1 kWh/day for a small shop to about
1,500 kWh/day for a large office building.

The sample is too small to make useful breakdowns by business type or size; however
there appear to be some obvious patterns in the data.

The smaller shops are usually small suburban or provincial town shops, which often
have no dedicated heating or HVAC system. Their energy consumption is usually very
low (10-30 kWh/day). For these types of business the lighting is often the dominant
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end-use, and is often a high percentage of the total electricity consumption. One small
shop had 97% of the electricity used for lighting. This proportion was verified, as the
shop had no hot water system, no heating, and only a handful of small appliances.

Air-conditioning is present in only some premise. Some are central HVAC systems, but
most are single or multi-split systems. As the time of year monitoring was done varied,
the energy consumption for air-conditioning does not represent a full year.
Consequently the air-conditioning electricity consumption for the short periods
monitored is highly variable, ranging from 1% to 58% of total electricity consumption.

Power point (plug load) electricity consumption appears to be slightly more consistent,
ranging from 21% to 70% of total electricity consumption.

Hot water appears to be a minor end-use. For those premises where a hot water
system existed and was monitored separately the use was usually about 1% to 2% of
the total. Some premises had hot water systems that were turned off or disconnected.

Computer servers are difficult to monitor as occupants often refuse to allow monitoring
equipment to be installed due to concerns over possible power interruptions (which we
note is unlikely with the BEES monitoring equipment). For the three servers monitored
so far, consumption ranges from 3.2 kWh/day to 48.1 kWh/day. These are typical
business sized servers i one large server farm in a monitored BEES building, which
consumed 160 kWh/day (~60,000 kWh per year) for one of two server rooms,
excluding the room HVAC. These preliminary results could suggest that server
electricity consumption might be larger on average than hot water energy consumption
in commercial buildings.

The monitored electricity data already shows the wide variation of electricity
consumption between premises and between end-uses. Even in the small selection so
far, the range from lowest to highest electricity consumption is a factor of 200.

Temperature, humidity and light are monitored in several locations within each of the
premises. As the monitoring is for a short time period it is not an annual average.

One of the early findings from HEEP was that winter indoor temperatures in New
Zealand houses were low, and often poorly controlled (see www.branz.co.nz). In the
BEES premises monitored thusfar, the indoor temperature profiles usually do not show
evidence of tight control of the internal temperatures. Most premises seem to be left
free-running after hours, and only a few show evidence of being conditioned 24 hours a
day to a controlled set-point temperature. It seems that many non-residential premises
are not well controlled, possibly due to a lack of a centrally-controlled HVAC system,
insufficient capacity or poor control. The belief that non-residential buildings in New
Zealand are operated to a well-controlled set-point and schedule might not reflect the
actual operation of many buildings. This result can be expected to change as
increasing numbers of different building sizes and uses are monitored.

Patterns of lighting (lux) suggest that lighting is used mainly during the day, and that
light levels (and perhaps lighting energy consumption) are reasonably stable
throughout the day.

Humidity and CO, levels are also being monitored, and will be reported on in
subsequent analysis.

Case Studies

Five trial case studies were designed and carried out to explore what drives the
variation in energy use in non-residential buildings. The results of this work also
provided the opportunity to examine the value of case studies to the overall research.

Case Study 1 compared the measured energy usage for similar premises and found
wide variation across the four premises in the one building.
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Case Study 2 looked at the data requirements for measuring temperature-dependent
building energy loads, concluding that the annual temperature response of a
building in the mild Wellington climate cannot be determined from short-term
measurements.

Case Study 3 looked at understanding long-term changes in building energy use, and
concluded that increases in non-temperature dependent electrical load correlated
to the increases in the background building electrical load, while temperature
dependent variations related to the consistency of the HVAC control and the
external temperature.

Case Study 4 explored the possibility of energy savings opportunities resulting from the
BEES monitoring, and concluded that opportunities do exist.

Case Study 5 examined the accuracy of circuit labels T how many circuits in a premise
actually do what the labels say they do? It found that the problem was sufficiently
serious to require details to be recorded during monitoring of any unclear or
mislabelled circuits.

Systematic Review

The method for a systematic review on the efficacy of energy optimisation policies,

practices and programmes was developed with BEES. However, in applying the

systematic review template to the body of literature reviewed in the BEES project, it

became clear that the research base was still very limited and continuing would add

litttle materially to the work already undertaken by the United Nations Environment
Programmeds 2007review of buildings angd cl i ma
of activity shifted to: distilling the best practices around optimising energy efficiency in

the building stock; and comparing those practices with those that prevail in New

Zealand.

Educational and Health Buildings

A separate investigation was completed into the availability of data on energy and
water use in educational and health buildings. It was found that that there is insufficient
data collection, reporting systems and management systems of the energy and
especially water use in New Zealand education buildings and hospitals. What data is
reported is inconsistent between sources in terms of the quality and the details of what
is collected and reported.

The lack of standardised collection, reporting formats and management systems arises
across these sectors and was a common issue regardless of the type of building (with
the only exception being universities) and whether it was energy or water consumption
being measured. As a result the current data on energy and water consumption in the
majority of education buildings and hospitals is disparate. There is a need therefore for
a standardised data collection structure to be established, and support provided for the
additional work that this would require, if an improved understanding of the use of
energy and water in education and health buildings is to be gained.

These systems cannot be created by an ad hoc research project, even though such a
project could collect, analyse and report on data. The history of energy management in
the health and education sectors has been long on research projects and
recommendations, but short on their implementation.

Modelling and Forecasting

The data collected was used to create thermal simulation models of the buildings.
These models use the computer programmes such as Google Earth, SketchUp,
OpenDesign, Radiance, su2rad and EnergyPlus. The work explored the generation of
building models in a standardised and quasi-automated manner. The goal of the work
has been to both improve the empirical basis of the models themselves, thus improving
their accuracy at the individual building level, and (unlike EERA) generate scenarios



that show the distribution of responses to a change (e.g. a single change in NZBC H1
might improve thermal performance of one part of the non-residential stock but
decrease performance in another).

Aggregate survey data was used to develop and update EERA (Energy Efficiency
Resource Assessment), which is a computer-based tool for modelling scenarios of
aggregate energy demand e.g. in response to changes in energy efficiency (see
www.crl.co.nz/climate change/energyEfficiency.asp). EERA was then used to explore
a trial energy efficiency scenario i the effect of a 1% decrease lighting power density in
the finance and insurance sub-sector.

Technology Transfer

BEES research papers were presented to three conferences i &ustainable Building
20106(SB10) in Wellington; @ he Business of Energy Management 20106in Wellington;
a n dConstruction in Buildingd(CIB2010), in Manchester, UK. BEES supported papers
were awarded 'Highly Commended' in both the open and student paper categories of
the SB10 conference

BEES provided scholarships for research related to BEES goals to three PhD students
and three Master of Building Science students in 2009/10. The 2008/9 scholarships
were for one Master of Building Science student (since converted to a PhD examining
water use in Auckland and Wellington CBD office buildings) and three Bachelor of
Building Science (Honours) students which were successfully completed i two with first
class and one with second class honours. The work of these students has permitted a
range of topics to be explored in far greater detail than would have normally been the
case, and provides support for a new generation of researchers.

International Links

Contacts with related researchers throughout the world have been further developed,

with the establishment of formal agreements with The Bartlett Faculty of the Built
Environment, University College, London (www.bartlett.ucl.ac.uk/architecture) for

research co-operation and with the International Energy Agency (IEA) to participate in

the Solar Heating ands®o dl0i négl oAvarr edesmeNett 6 sZ eTr o
Bui | dwwa.geadhd.org/task40/index.html). BEES is a major contributor to in this

international research activity with Dr Michael Donn, Centre for Building Performance

Research, Victoria University of Wellington, as co-l eader of Subt ask C:
Building Design, Technologies and Engineering

Obtaining BEES reports

The BEES team has worked hard to ensure the results of BEES are available to the
widest possible range of stakeholders 1 including the public, special interest groups,
government agencies, universities and other researchers. References to previous
BEES reports, and other publications on the BEES work, are given in the full report.
Many of these are available for downloading at no charge from the BRANZ Bookshop
on the BRANZ website.

Copies of the Executive Summary and the full Year 3 report are available through the
BRANZ website:

Postal address: BRANZ, Private Bag 50908, Porirua 5240, N.Z.
Phone: +64 (04) 237 1170 Fax: +64 (04) 237 1171
Email: BEES@branz.co.nz  Website: www.branz.co.nz
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Preface

This is the second of a series of reports prepared during research into the use of energy and
water in New Zealand non-residential buildings.
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Note

This report is intended for researchers interested in understand the use of water and energy
in the New Zealand non-residential building sector.

Later reports will provide further analysis and results from the research. These will be of
interest to architects, designers, engineers, manufacturers and product suppliers.
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1.

INTRODUCTION

(Prepared by BRANZ)

This study report provides an overview of the outputs of the BEES research for the
third year, 2009/10. As the quantity of research and outputs continues to increase, this
report provides a brief overview summary of each of the key outputs. It builds on the
work reported in WBei ISdiudy EMBEEFEY ErShudys
Report 2247 Isaacs et al, 2009).

1.1 Background
This section provides a brief summary of the development of the BEES research as set
out in the BEES Year 1 & 2 report.
Eight key research questions were identified for BEES as given in Table 1:
Table 1: BEES key research questions
Comp. Key Research Questions (summary) Focus
> | 1. Aggregate energy and water use?
< 2. Average kWh/mz/yr All Non-residential Buildings
> 3. Identify largest use categories
>
2 2
| 4. Average kWh/m?/yr by category~ Sub-set of Non-residential
& 5. Energy and water end-use patterns o
. - Buildings for Targeted
6. Determinants of use patterns e.g. Building structure Survev and Case Studies
> and form; Function; Other attributes, etc y
A 7. Crltlca_l |_ntervent|on points to improve resource use All Non-residential Buildings
efficiency?
" 8. Likely future changes as stock type and distribution Future (New & Retrofit)
changes? Non-residential Buildings
These key research questions were developed into five inter-related study
components, as listed in Table 2. Each component uses a different research method,
and is designed not only to help answer one or more of the key research questions, but
also to verify the data and triangulate the analysis of the other study components.
Table 2: BEES study components
Key
Study Component Research Primary Research Method
Questions
A. Aggregate Resource Use Patterns 171 3 Aggregate Survey
B. Determinants of Resource Use 471 6 Targeted Survey & Coarse Monitoring
C. Building Dynamics 41 6 Case Studies (to commence 2010-11)
D. Facilitating Improved Resource Management 7 Occupant Behaviour & Attitudes
E. Modelling/Forecasting 8 Modelling & Simulation

These key research questions and components form the basis for the structure of the
BEES research activities, and for this report.
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The sample frame is based on valuation records obtained from PropertylQ and the

Auckland City council valuation department. As the valuation records relate to a legal

til e, it has been necessary to group them int
than one building in a Building Record, so the values below are first estimates. The

sampling frame has been divided into 50 strata based on PropertylQ data:

e 5 size strata (strata) i based on estimated total floor area by Building
Record. Table 3 provides the non-residential size strata and the approximate
number of buildings and their floor area.

e 5 use groups (uses)i 6of fi cebo, 6retail 6, o6mi xed?©o, |
6l ndustri al Warehoused (1 W), based on th
parent record. As not all Building Records with these uses are eligible for
inclusion in BEES, further selection activities have to be undertaken.

e 2geographicgroups ( 6 Auckl andd and 06ridhe Auckkeid New Ze
group is defined by the area covered by the Auckland Regional Council in
2009. Approximately 22% of the Building Records and 33% of the floor area is
in the Auckland region.

Dividing into floor area strata is necessary to vary the sampling rates from size group to
size group. The grouping has been done to give approximately equal total floor areas
for all five groups. This approach increases the statistical precision of the survey.

Table 3: Non-residential size strata

Floor Area Strata | 1 | 2 | 3 | 4 | 5 | Total

Minimum Floor Area . {..0Mm2i 650 m2: 1,500 m?: 3,500 m2: 9,000 m2: ...l
Approx...No. 0i33781:10081: 4288: 1825 . 564:50,539
% of Buildings P67%: 20%: 8%: 4%; 1%: 100%
Total Floor Area (million m?) 9.9 9.6 9.5 9.6 9.8| 48.3
% floor 20%| 20% 20% 20% 20%| 100%

1.2 BEES achievements: Year 3

Internationally the need for the BEES type of study was clearly stated by the

International Energy Agency (IEA) i n i ts report OEnergy Ef
Recommendati ons 2008 i n Sup pmepared forfthetedders G8 P11 a
of the G8 group of countries (France, the US, the UK, Russia, Germany, Japan, Italy

and Canada.). In the recommendations dealing with buildings, it states:

2.3 Existing Buildings

Governments should systematically collect information on energy
efficiency in existing buildings and on barriers to energy efficiency.

Within New Zealand, the value of the BEES research was recognised by the Hon.

Maurice Williamson, Minister of Building and Construction, in his 27 May 2010 speech

to the NZ Sustainable Building Conference (SB
will help businesses, landlords and tenants know where they can save energy i and

money. 0 He also pointed out the AThe results
Government decide if any policy intervention is needed to drive improvements in

energy efficiency. o

The third year of the BEES project has continued to work towards supporting these
international and national goals. The work programme has focused on implementing
data collection, initial analysis and establishing international linkages.

! Available fromwww.iea.org/G8/2008/G8 EE recommendations.pdf



http://www.iea.org/G8/2008/G8_EE_recommendations.pdf

Achievements and outputs from the third year include:

e Obtaining web-search and street-search data on approximately 2,000 buildings,
including location, floor area, foot plate etc, which has allowed the production of
simple 3D computer models

e Planning, specifying and undertaking a national telephone survey from
approximately 1,000 Strata 1 to 5 Building Records

e Obtaining energy and water revenue records for the positively responding
premises and undertaking preliminary analysis

¢ Interviewing a number of building resource managers

e Installation and monitoring of approximately 60 premises and undertaking
preliminary analysis

e Completion of an investigation into the availability of data on energy and water
use in educational and health buildings

e Development and initial testing of a range of building performance computer
models, including generic model templates that cover the range of typical non-
residential building types identified in the web-search

e Incorporation of aggregate survey data into the EERA (Energy End-use
Resource Assessment) model

e Participation inthe IEASHC Task 40 ONear Zero Energy

research activity

e The signing of a formal research collaboration agreement between BRANZ,
Victoria University of Wellington and The Bartlett Faculty of the Built
Environment, University College London

e Agreement to use the BUS instrument for the social research component of the
project. This included an evaluation of the cost of creating a BEES survey
instrument and calibrating it compared to using existing options.

e Preparation and delivery of research papers to three conferences i Sustainable

Bui

Building 2010 (SB10) in Wellington, 6 The Business of Energy

20106 in Wellington; and o6Construct.i

UK. BEES supported papers were awareded

open and student paper categories of the SB10 conference
e Preparation and submission of a paper to an international peer reviewed journal

e In addition to work funded through this contract, through the FRST contract
BEES also provided scholarships for research related to BEES goals to three
PhD students and three Master of Building Science students. The scholarships
awarded in 2008/09 to one Master of Building Science and three Bachelor of
Building Science (Honours) students were successfully completed. The work of
these students has permitted a range of topics to be explored in far greater
detail than would have normally been the case, and provides support for a new
generation of researchers.

Further information is provided on each of these achievements or outputs in this report.

i n
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1.3

1.4

BEES people

BEES is supported by a multi-disciplinary team from the six organisations listed below,
with the team leader followed by the other team members in alphabetical order:

BRANZ Ltd i Nigel Isaacs, Dr Michael Babylon, Dr Michael Camilleri, Duncan Moore,
Johannes Roberti

CRESA Ltd i Kay Saville-Smith, Ruth Fraser
Energy Solutions Ltd i Rob Bishop

Centre for Building Performance Research, VUW 1 Dr Michael Donn, Alexandra
Hills

John Jowett, Consulting Statistician
CRL Energy Ltd 7 Dr Pieter Rossouw, Dr Tony Clemens (deceased), Dr Tana Levi.
The overall BEES project is financially supported by:

Building Research Association of NZ (BRANZ)

Department of Building and Housing (DBH)

Energy Efficiency and Conservation Authority (EECA)

Foundation for Research Science and Technology (FRST).

It is with sadness we record the untimely death of Dr Tony Clemens of CRL Energy
Ltd, and acknowledge his involvement from the earliest days in the BEES research.

Members, and their substitutes, of the Governance Group appointed under the BEES
Research Programme Agreement between BRANZ, DBH and EECA:

e DBH i David Kelly, Adrian Bennett, Louise Slocombe, Nick Lock
EECA T Robert Tromop, Xanthe Howes

Building Research i Wayne Sharman

BRANZ observer i Lynda Amitrano

FRST observer i Joseph Stuart

Statistics NZ observers i Stephen Oakley, Martin Brown-Santirso
Ministry of Economic Development observer i Simon Lawrence
Ministry for the Environment observer i Chris Woods
Electricity Commission observer i Jenny Walton.

Members of the Steering Group appointed under the FRST contract (BRAX0703) to
provide input from key stakeholders into project design and operation:

e Jason Happy i Kiwi Income Property Trust

¢ Professor George Baird, School of Architecture, VUW

e Associate Professor Deborah Levy, Department of Property, University of
Auckland

¢ Norman Smith, Rocky Mountain Institute (NZ)

e Kees Brinkman, Enercom.

It has been our practice to hold the full meetings of the Governance Group and the
Steering Group at the same time.

Further information

Further information on the BEES research is available from the BRANZ website
www.branz.coonzunder 6Current Researcho.
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COMPONENTAGGEGATE RESOURCRAURERNS

Component A has two primary functions in the BEES study.

First, it is designed to provide data t
questions (Table 1). These are:

1.What is the aggregate resource (energy and water) use of non-residential sector
buildings?
2.What is the average area energy use (kWh/m?2/yr) of the non-residential sector?

3.What categories of non-residential buildings contribute the most to the aggregate
energy/water consumption of this sector?

The second function is to accumulate building and premise-based data that allows for
the robust selection of buildings for other components. In particular, these will be used
to help establish the determinants and patterns of end-use of energy and water, as well
as the relationship between the use of these resources and building dynamics.

To establish a robust sample for BEES, Component A has involved the compilation and
validation of the building sample frame from which representative samples can then be
drawn. This has been developed by:

e Drawing and analysing PropertylQ and Auckland City Council valuation data
e Validating this data through web-search and street-search
e On-site building and premise validation.
Surveying of eligible premises and buildings was then carried out to document:
e Occupancy and use
e Energy and water supply
e Tenure conditions
¢ Building characteristics.

The survey has also been used to identify those premises and buildings directly billed
for reticulated energy and/or water and to initiate a consenting process to access those
premisesb use and billing data. This is di

questions for Component A as well as supporting the other BEES components. The
remainder of this section reports those activities and emerging findings.

In this 2009/10 year, Component A was designed and intended to produce: a national
estimate of water and energy consumption in the non-residential building sector; an
estimate of the average kWh/m2/yr of the sector; and a clear description of the
buildings in this sector (e.g. floor areas, number of buildings, number of businesses,
types of occupants etc). Figure 1 sets out the planned relationship between the
samples used for Components A, B and C.

o addr

rectly



Figure 1: Hierarchical sample structure for Components A, B and C

~3000 Wekbresearched Building

~500 Phonesurveyed Buildings

Component A

ComponentB

\_/

Component G

As Figure 1 shows, the database created by Component A is then used for activities in
Components B and C. Within Component A, the database provides both a base for
analysis of non-residential buildings by size, location etc, as well as the essential list of
premises for use in the Component A telephone survey.

The Component A database was planned to be a representative sample from a target
of 3,000 non-residential buildings, which would then be used for the phone survey with
a goal of achieving positive responses for about 500 buildings. This would enable the
production of: a national estimate of water and energy consumption in the non-
residential building sector; an estimate of the average kWh/m2/yr of the sector; and a
clear description of the buildings in this sector (e.g. floor areas, number of buildings,
number of businesses, types of occupants).

Al t hough the wunit of measur e f owviduaBpeekiSes i

within the building, plus any overall building activities (e.g. central heating, ventilation
and air-conditioning (HVAC), elevators etc) which consume energy and water.

Figure 2 provides a graphical overview of the Component A activities in 2009/10. As
discussed in the Year 1 & 2 report (Section 4, Isaacs et al, 2009), the purchase of
valuation records from PropertylQ and the Auckland City Council was based on use
categories that were considered to be of potential interest. The individual valuation
records were first grouped into Building Records, giving approximately 50,539 such
records. It should be noted that a Building Record is not definitely about an actual
building until confirmation has been found from the data collection process.

A random sample of 3,041 Building Records was then taken and subjected to web-
search and street-search. As a result of this, a number of Building Records were found
not be eligible based on their use. Phone numbers were then sought for each identified
premise, and these were provided to the phone survey company. Those premises that

t
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responded positively, providing answers to the phone survey and permission to access
their energy and water revenue records count as YES phone responses.

It was recognised that Strata 5 (Building Records over 9,000 m?) was likely to be
different to the other strata, in particular because of the comparatively small number of
buildings. Strata 5 consists of a total of some 564 buildings. After preliminary
exploration, it was recognised that buildings of this size would most likely be occupied
by a number of premises. Further exploration looking at a small number of Strata 5
buildings identified a sizable number of businesses likely to have their premises
managed from a central head office.

It was decided that in order to proceed as quickly as possible with the phone survey,
the Strata 5 buildings would be treated as a second part of the phone survey. The
premises in the selected Strata 5 buildings were then identified, and those likely to
have a central head office separated out. Contact is being made with these head
offices and, at the time of reporting, we are awaiting the responses.

Figure 2: Overview of 2009/10 Component A activities

NZ Commercial Buildings

* Non-residential & residential

BEES Sample Frame

* ~ 50,500 Building Records
* non-residential BEES uses

s Random sample ;
3,041 Building Records =8 . \

* Subject to Web & Street search &

 Selected 1% 1,000 for phone survey

\ \ - Eligible based on use (~¥89%)
“\‘l‘\ ‘( , « Office, Retail, Mixed uses

=< . \

\ ,-“/ ~ Phone details (~72%)

v/ * 62% of original

YES phone response (~19%)

* 11% of original

The following sections describe the various processes, the new knowledge obtained
and the lessons learnt for the 2010/11 year.

Websearch and streesearch

The web-search process was described in the Year 1 & 2 report (Section 4, Isaacs et
al, 2009). In brief, web-search uses internet search engines and online databases to
trace any businesses located at a given street address. In addition to the information
available from the valuation record, resources of particular importance included Google
Earth, Google Map, Google Street View and online phone directories (White Pages and
Yellow Pages).

Web-search provided the first information on the actual number of buildings in the
sample. Of the 3,041 Building Records, 2,085 have had the web-search completed.



Assuming the uncompleted Building Records have one building, then 6.1% of the
Building Records had more than one building:

4.4% (133) of Building Records have two buildings
1.2% (35) of Building Records have three buildings
0.4% (13) of Building Records have four buildings
0.1% (3) of Building Records have five buildings
0.0% (1) of Building Records have six buildings.

Thus the 3,041 Building Records represent a total of 3,226 buildings.

For the first phone survey, the first 1,000 Building Records were selected and the
street-search was applied for Strata 1 to 4 (801 Building records) (see Table 3). The
Strata 5 Building Records were not fully analysed in Year 3 and will be reported in the
Year 4 report.

Street-search involves a person visiting the site with a list of the business premises
expected to be in that building. The names are checked against the building directory,
removing the names of businesses that are no longer in the building and adding the
names of new businesses.

A Building Record is 6éeligibled only if:
the building 'exists'

the premise(s) 'exist'

the premise(s) are occupied by a valid BEES use

a phone number can be found for the occupant of that premise(s).

The following reasons would exclude a Building Record i.e. make it not eligible (see
Table 8):

e Building Record: All Vacant; Duplicate; Incorrect Site; No Building Located;
Site Not Located; Vacant Site

e Premise Record: Business Unknown; Duplicate; Not A Business; Not
Evident; Not Present; Residential; Vacant

e Not Eligible use category: Carpark; Industrial; Ineligible; Residential;
Unclear; Warehouse

e Phone numbers: phones were not found for 74 premises in 27 Building
Records

Of the Building Records from Strata 1 to 4 selected from the first 1,000 Building
Records (Strata 1 to 5), 62% were found to be either eligible or possibly eligible.

Although the Category Strata was based on five categories from the PropertylQ
database, it was not expected that all Building Records would be found to be eligible

for inclusion in the BEES sample. The BEES
the combination of six PropertylQ categories:

e Commercial Liquor outlets including taverns etc (CL)
e Commercial Motor vehicle sales, service etc (CM)

e Commercial Retail (CR);

e Commercial Service stations (CS);

e Commercial Tourist (CT); and

e Commercial Vacant land which will be developed to a commercial use (CV).
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The other BEES categories are as used by PropertylQ i the codes are given in Table

shows
60 Commer ci
ndustri al
different eligibility proportions shown in Table 4 is that the proportions in the final

4, The
Ret ail 6
found for ol

tabl e
and

sample might change.

Table 4: Strata 1 to 4 proportion of original selection eligible by use category

t hat
al
Servicebd

whil e the
Mi xedd wer e
and

Uses | Total # Eligible % Eligible
Commercial Office (CO) 117 101 86%
Commercial Retail (CR) 238 181 76%
Commercial Mixed (CX) 130 113 87%
Industrial Service (IS) 152 56 37%
Industrial Warehouse (IW) 163 42 26%
TOTAL 800 493 62%

Table 5 compares the proportions found to be eligible in the use groups. For example,
the Commercial Retail category was 28% of the Building Records in the original
sample, but after eligibility had been assessed it increased to 37%, a rise of 9%.

Table 5: Strata 1 to 4 proportion of original selection eligible by category

Uses | Eligible | Eligible Original | Difference
Commercial Office (CO) 101 21% 16% 4%
Commercial Retail (CR) 181 37% 28% 9%
Commercial Mixed (CX) 113 23% 17% 6%
Industrial Service (IS) 56 11% 18% -6%
Industrial Warehouse (IW) 41 8% 21% -12%
TOTAL 492 100% 100%
Thus the proportions for the fl oor

phone survey are very close to the original proportions. The use category is clearly
[ proportio
Records. However, it is not considered necessary to alter the sample structure as a
consequence of this change in the proportions of the use category, as these were

di fferent, wi t h

a reducti on

originally only descriptive terms used by PropertylQ.

It is expected that BEES will need to create its own, well-documented use categories,
and to provide a basis for their comparison to the PropertylQ database to permit
national estimates to be prepared. This will be further examined by the BEES team in

n t he

Year 4.
Table 6: Strata 1 to 4 average number of premises per Building Record
Size Building Count of Average Number
Strata Records Premises Of Premises
1 136 229 1.7
2 119 251 2.1
3 121 403 3.3
4 117 668 5.7
Total 493 1551 3.1

Table 6 calculates the average number of premises per Building Record by size strata.
Although the average is just over 3 (3.1) premises per building, this increases from just

under 2 (1.7) for the smallest Size Strata to just under 6 (5.7) for the largest.
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Table 7: Strata 1 to 4 Building Record floor area ranges by size strata

. Mid Building | Total Floor Average  Min Max

Size Strata m? Records | Area m? % mz/bldg m? m?
1 5 m2to 649 m2 328 136 42,359 4% 311 40 636
2 650 m2to 1,499 m? 1,076 119 114,70  11% 964 650 1,49%
3 1,500 m2to 3,499 m? 2,501 121 269,671 269 2,229 1,507 3,472
4 3500m2t08,999m? 6,252 117 600,65€ 589 5134 3,507 8,930
Total 493 1,027,39¢ 2,084 40 8,93(

Table 7 provides descriptive statistics for the floor area by size strata. Floor area data
was obtained from PropertylQ and is subject to correction once the data collection work
is complete. For each of the floor area ranges (Size Strata) Table 7 gives the: simple
floor area average; number of building records; total floor area and percent this is of all
the floor area in Strata 1 to 4; average floor area; and range (minimum and maximum).

The average floor area for the 493 Building Records is 2,084 m2 over a total floor area
of just over 1 million m2. The average Building Record floor area for Strata 1 is 311 m2,
which compares to the average of the Strata 1 range of 328 m?, while for Strata 4 it is
5,134 m2 and 6,252 respectively.

Table 8 provides a summary of the results in the preparation of the sample for the
phone survey for the first group of buildings selected from Strata 1 to 4. The process is
read from left to right 7 the number in the initial selection reducing in steps to the final
number of premises to be surveyed.

Table 8 shows that 801 Building Records were initially selected, and as each building
record can have one or more premises there were a total of 2,685 premises identified.
A combination of web-search and street-search identified 2,543 premises as existing,
with 142 of the expected premises found not to exist for a range of reasons: the
building was vacant; there was no building found on the site; the site which had been
matched to the title was not correct; the premise was a duplicate of another already
identified premise; the building was not located; and the site was not located or the
building had been incorrectly allocated to the strata. The result was only 709 buildings
(89%) were confirmed to exist out of the original 801 Building Records.

The 2,545 identified premises were then checked, with 2,052 confirmed as existing.
The buildings and premises were then checked for eligibility, further reducing the
number to 1,722 premises. Where possible, phone numbers were then found for each
premise, further reducing the number of valid premises to 1,647. The final list provided
for the phone survey had 1,551 premises believed to be eligible with a further 96 for
which the eligibility was unclear.

10



Table 8: Strata 1 to 4 buildings and premises counts for initial phone survey

Building Record Check Check Premises Occupig Check Premises Eligibf Phone number | To be surveyed
Status (Count |Status Count [Status [Count  [Status  |Count [Status |[Count
Exists 2,543 Exists 2,011Eligible 1,621 Known 1,648Eligible 1,551
Vacant bldg 60|Vacant premises 23|Unclear 103 Unclear 96|
Vacant site 15
Incorrect site 6
Duplicate 5
Bldg not bcated 2|Premises not founi  508|
Site not located 50|Not business 3|Not eligible 328Not known 74
Wrong strata 4
TOTAL Premises 2,685 2,545 2,052 1,722 1,647
% OK of original  100% 95% 76% 64% 61%
% OK of previous 95% 8194 849% 96%
TOTAL Buildings 801 709 695| 500 494
% OK of original 100% 89% 87% 62% 62%
% OK of previous 89% 98% 72% 99%

2.2

However, Table 8 also shows that premise data was obtained on 709 buildings (89% of
the original sample). This will be used to develop an understanding of the non-
residential built environment, providing an opportunity that has not been possible
before. There is no other resource giving an overview of the location, construction and
use of non-residential buildings in New Zealand.

Although only 11% of the initially selected buildings are currently considered to be

included as O6YES® buildings, data is for
sample which are eligible non-residential buildings office, retail or combinations of
these and ot her uses. Note that the 11%

survey participation and/or data is obtained from head office and other centralised
sources.

Year 4 will see the completion of analysis of the Strata 5 data and more detailed
analysis of the patterns of New Zealand non-residential buildings.

National telephone survey

At the end of Year 3: the phone survey had been completed for the first group of Strata
1 to 5 buildings; the data had been cleaned and analysed; contact had been made to
obtain permission to access energy and water revenue meter records; and the systems
had been set up to obtain energy and water revenue data from the suppliers.

The questionnaire used in surveying was developed by BRANZ and CRESA, and
revised by CRESA in the light of the 2009 pilot findings (see Section 6.3.3, Isaacs et al,

t he

O0YES

20009) and to better accommodate the needs of

(computer added telephone interview) technology.? New Zealand Research Ltd was
provided with 1,647 business contacts believed to be associated with 494 buildings that
appeared to be BEES eligible based on analysis of valuation data, web-based and
business directory information, and on-site observation data.

The initial telephone survey was undertaken by New Zealand Research Ltd in February
and March 2010.

A total of 268 businesses completed a questionnaire. The response rates are a little
lower than, but consistent with, the pilot, ranging from the lowest response rate at 16%
in Strata 4 building businesses to a response rate of 21% in Strata 3 building
businesses.

2 Seehttp://www.researchnz.com/fieldwork.html
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Table 9 provides a preliminary analysis of the results from the telephone survey,
grouping the buildings S&s amAll |6 NBui |YdE Snég skdu i (I bd
buildings (buildings with enough premises replying YES to include the building in the
analysis) and ONot YES® buildings (buildings
replied YES, but not enough to permit the inclusion of the building in the analysis).

Table 9 shows that of the 1,647 premises selected for the phone survey (cells
highlighted):

o 268 (16%) provided a completed phone survey (YES)

e 70 (4%) have the potential to complete the survey (Maybe) but require further
action by BRANZ e.g. make contact with head office

e 1,148 (70%) premises could not be contacted or refused to participate (NO)

e 161 (10%) premises were incorrectly included (Wrong) e.g. wrong phone
number or building.

Table 9: Strata 1 to 4 phone survey responses

Premises Building Premises
Any % Any Yes S{Averr?lges{ Valid
Strata | Yes |Maybe| No [Wrong| Total Total Premises Premiseg Premises
YES YES
/bldg /bldg | % response
All Buildings
1 43 3 172 25| 243 35 136 26% 1.2 6.2 20%
2| 51 8 194 23 276| 40 120 33% 1.3 6.3 20%
3] 80 4 313 39 436 48 120 40% 17 8.3 20%
4 94 55 469 74 6921 49 118 42% 1.9 12.6 15%
Strata 14 | 268 70 1,148 161 1,647 172 494  35% 1.6 8.6 18%
YES buildings
1 30 - 7 1 38| 28 136 21% 1.1 13 81%
2 31 1 13 3 48 26 120 22% 1.2 1.7 69%
3 29 - 19 5 53] 23 120 19% 1.3 21 60%
4 24 - 13| 2 39 15 118 13% 1.6 2.5 65%
Strata 14 114 1 52 11] 178 92 494  19% 1.2 1.8 68%
Whb2id ,9{Q o6dzAfRAY3Ia
1 13 3 165 24 205 108 136 79% 0.1 1.7 7%
2 20 7 181 20 228 94 120 78% 0.2 2.2 10%
3 51 4 294 34 383 97 120 81% 0.5 3.6 15%
4 70 55 456 72| 653 103 118 87% 0.7 5.6 12%
Strata 14 154 69 1,096 1500 1,469 402 494 81% 0.4 3.3 12%

The overall proportions are highly influenced by the larger number (402vs.92) of O Not
YESi6. €. include 6Maybed, O6NOO6 and O6Wrongdé) bui
Table 9. On average 19% of the buildings are in
varies by strata. The smaller buildings (Strata 1 and 2) having a higher response rate

than the larger buildings (Strata 3 to 4), but the sample size is not yet large enough to

be confident there are any differences in the response rate by strata.

While there are 114 O6YESOG premi SESOi pr eMESés b
ONot YESO® buildings. These aneépt bseemumber sppbr
buil dings by focusi on the ONot YESO®6 buil di
become OYESO6 buil di S .

Table 10 givest he number s of premises re
ONOO6 buil dingslableAs hehewmar en92 0Y
premises, but Table 10 shows there with a further 82 buildi ngs (5

ng
ng
ponding VYE:!
S6 building
6Maybed an

-hmm
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buil di ngs) already with 156 (112 in
that could become OYESO6 buildings if ti
Table10: O6YESO6 and 6aNnCdd YE S & i porgesmi s e s
YES Building Maybe Building NO Building
Yes Avg Yes Avg Yes Avg
Strata B:gg Premises | Premises Bl#(:g Premises | Premises Blgg Premises | Premises
# /bldg # /bldg # /bldg
1 28 30 1.1 5 8 1.6 3 5 1.7
2 26 31 1.2 9 14 1.6 5 6 1.2
3 23 29 1.3 18 41 2.3 8 10 1.3
4 15 24 1.6 22 49 2.2 12 21 1.8
Strata 1-4 92 114 1.2 54 112 2.1 28 42 1.5

2.2.1Business characteristics of survey participants
(Prepared by CRESA)

Less than half (43.7%) of the premises participating in the Strata 1 to 4 interviews were
multi-site business. They were also strongly dominated by the retail trade and the
sectors of property and business services as well finance and insurance, as shown in

Table 11.

Table 11: Business sector categories and participating businesses
Business Sector Premises | % Premises
Retail trade 77 29.5
Property and business services 47 18.0
Finance and insurance 36 13.8
Health and community services 25 9.6
Not stated/Unclear 14 5.4
Accommodation, cafes and restaurants 12 4.5
Personal and other services 9 3.4
Education 8 3.1
Construction 7 2.7
Government administration and defence 7 2.7
Cultural and recreational services 6 2.3
Manufacturing/Other Manufacturing 6 2.3
Communications services 3 1.1
Wholesale trade 2 0.8
Electricity, gas and water 2 0.8
Total 261 100

The property and business services category is an extremely inclusive category which
includes:

e Property operators and developers

¢ Real estate agents

¢ Non-financial asset investors

e Machinery equipment hiring and leasing
e Scientific research

e Technical services

e Computer services

e Legal and accounting services

¢ Other business services.

The finance and services category is somewhat narrower but includes all banking and
financial investors as well as insurance of all kinds, including superannuation providers.
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It also includes those businesses that provide services to the finance and insurance
sector.

Clearly there is overlap between business sector categories and businesses and so the
data must be treated with some caution.

However, the profile of businesses evident in Table 11 generates a particular mix of
occupations among the employees working in the sampled buildings. The majority of
businesses employ managerial, professional, clerical and administrative workers (Table

12).

Table 12: Occupations represented in participant businesses (n=261)*
Occupation Business Premises | % of Premises
Managerial 237 90.8
Professional 155 59.4
Clerical and administrative staff 143 54.8
Sales workers 106 40.6
Technicians and trades workers 65 24.9
Community and personal service workers 23 8.8
Machinery operators and drivers 22 8.4
Labourers 10 3.8

2.2.1.Building characteristics

A total of 257 businesses provided information about the number of floors that they
occupy. The majority of businesses (72%) report that they occupy around one full floor
of their building. In relation to the building structure:

¢ 76.2% of businesses report that they occupy buildings with no double glazing

¢ 58.2% of businesses occupy buildings with centralised air-conditioned buildings

¢ 57.1% of businesses are in buildings with opening windows.

¢ 41% of businesses report that their building has a centralised central heating system.

While over half (53.6%) the businesses have undertaken some sort of refit of their
space within their current building, the types of refit are clearly directed to cosmetic,
appearance and spatial division rather than to energy or resource efficiency. Indeed,
no businesses referred to refits designed to reduce energy or water consumption,
although 14 businesses referred specifically to installing or changed their air-
conditioning and/or heating system and addressing issues around lighting and
plumbing.

2.2.1.Zrenure, lease and management

Of the 261 businesses participating in the first wave of the Strata 1 to 4 survey, the vast
majority are tenants with only a tiny number of sub-tenants, with the remaining
businesses being owner-occupiers (Table 13). Additional analysis has found that a
considerable number of the owner-occupier businesses share their building with tenant
businesses.

Table 13: Tenure status of participant premises

Tenure Premises % of Premises
Tenants 211 80.8
Owner-occupier 47 18.0
Sub-tenant 3 1.1

Total | 261 99.9*

* Due to rounding
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Number of Premises

The businesses show a wide range lease arrangements. Fixed-term leases were
widespread. A total of 168 of the tenants reported they had a fixed lease. Lease terms
varied between 1-15 years. A considerable proportion of tenants reported that their
tenure was governed by periodic tenancies, while other tenants were unclear about the

tenancy mechanism and its conditions (Table 14).

Table 14: The lease arrangements of tenants

Lease Arrangements Premises | % Tenanted Premises
Fixed-term lease 148 69.2
Periodic 29 13.6
Other 11 5.1
Unknown 26 12.1
Total | 214 100.0

A total of 31.4% of businesses had been in their current building before the year 2000.
Table 8 sets out the duration of occupation by participant businesses in their current
building and the distribution is graphically portrayed in Figure 3. Table 15 gives the

duration of occupation.

Table 15: Duration of occupation

Duration of Occupation Premises % Premises

1 year or less 24 9.7

2-6 years 107 43.3

7-11 years 48 194

12-16 years 29 11.7

17-21 years 12 4.9

22 years or more 27 10.9
Total | 247 100.0

* 14 Missing cases

Figure 3: Di stribution of

businessds occupation
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As with lease arrangements, participant businesses reported a wide range of building

management arrangements. Of participant businesses:
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* 36.8% reported a building manager manages the building

¢ 36.8% reported a landlord manages the building

¢ 22.6% reported that no landlord or building manager manages the building

* 3.8% reported that both a landlord and a building manager manage the building.

2.2.1.3ccupancy characteristics

It has already been noted that typically businesses occupy around one building floor.
However, occupancy ranges from operating out of an area less than one-quarter of a
floor to occupying 10 floors.

The total number of employees represented by these businesses is around 3,900. On
average, the participant businesses reported that 15 employees worked in the selected
building. But like the floor occupancy, the range of employees across participant
businesses is considerable, stretching from one person to 300 people.

Figure 4 sets out the distribution of business occupation for typical weekdays and
typical weekends.

Figure 4: Hours with one or more employees on-site for weekends and weekdays
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Employees are typically on-site between 8-10 hours in a 24 hour weekday period.
However, again the variability in the management and use of buildings in the non-
residential stock is marked. Some businesses report that they only have employees on-
site for an hour a day, while others have employees on-site for a full 24 hours on a
typical weekday. That variability of building use during the working week is also
characteristic of these businessds use
60% of businesses report weekend occupation but that occupation involved some
businesses in occupation of around an hour in weekends up to 24 hours.

In addition to employees being on-site, 91.5% of businesses have clients coming into
the building. Not unexpectedly, given the mix of retail and more administrative and
professional services that characterises the set of businesses in the Strata 1 to 4
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buildings, the numbers of clients coming into the buildings occupied by participant
visitors varied considerably (Figure 5).

Figure 5: Distribution of clients visiting premises on a typical day
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2.2.1.£nergy types

The primary energy source of these businesses is reticulated electricity. A total of
99.6% of businesses report consuming reticulated electricity with significantly fewer
businesses consuming gas or diesel fuel (Table 16).

Table 16: Energy types reported by participant businesses (n=261)

Energy Type Premises % of Premises
Reticulated electricity 260 99.6
Natural gas 28 10.7
Diesel or fuel oil 9 3.4
Wood, waste or biomass 5 1.9
Self-generated electricity 5 1.9
Coal 1 0.4

2.2.1.9hergy and water purchase

Figure 6 provides a comparison of electricity and water purchasing. The majority of
energy is purchased directly, but there is a considerable set of businesses that pay for
water and/or energy as itemised or non-itemised components within their rental
payments. Indeed, 14.8% of gas users and 10.5% of reticulated electricity users have
these costs included and not differentiated from their rent. These businesses are,
consequently, not exposed to energy pricing mechanisms and it may be expected that
they have little awareness of their energy consumption and little incentive to reduce it.
This will be explored in both Component B and the case studies.
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Lack of exposure to pricing mechanisms is particularly apparent in relation to water.
Whereas the majority of energy users buy their energy direct, only 18% of businesses
report directly purchasing water. Also, 21.5% report that they pay for water in their rent,
29.5% claim that they do not pay for water at all, and 19.2% report that they do not
know whether they pay for water.

Figure 6: Exposure of businesses to electricity and water pricing
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2.2.1.@&quipment and appliances
Business premises have a wide range of equipment and appliances that can be
broadly divided between those which are business specific and those which provide for
the needs of staff. In the first category are:
e Computers (reported in 92% of businesses)
e Printers (85%)
e Photocopiers (71%)
e Servers (69%)
¢ Fax machines (stand-alone ¢ 52%)
e Projectors (29%)
e Electronic whiteboards (12%).

In the second category are:

¢ Refrigerators (92%)

e Microwaves (85%)

e Dishwashers (38%)

e Cooktops and/or ovens (30%)
o Water coolers (50%).
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Clearly, there may be some overlap between these two categories. Certain types of
business may require refrigeration and cooking facilities as a direct part of their service
provision. This dynamic will be better understood through BEES Component B.

Table 17 sets out the total number of equipment and appliances accounted for by the
261 participant businesses, the mode of equipment/appliances per business, as well as
the median and average numbers of these appliances and equipment.

Table 17: Equipment and appliance prevalence in participant businesses (n=261)

Equipment/Appliance Total Number | Mode Mean Median
Computers 3074 2 11.8 5
Refrigerators/freezers 564 1 2.2 1
Printers 812 1 3.1 2
Microwaves 326 1 1.2 1
Photocopier 383 1 1.5 1
Computer server 315 1 1.2 1
Stand-alone fax machine 259 0 1.0 1
Water cooler 226 0 0.9 1
Dishwasher 154 0 0.6 0
Cooktop/oven 141 0 0.5 0
Projector 128 0 0.5 0
Electronic whiteboard 155 0 0.6 0

2.2.2Implications of initial Strata 1 to 4 telephone survey

This data has been treated as a quota sample. It nevertheless demonstrates a number
of important points in relation to non-residential buildings within the BEES project:

e The wide diversity of the businesses that inhabit the BEES buildings, evidenced by:
o] business sector and activities
(o] staff numbers
o] client numbers
0 operating periods
e The heavy reliance of these businesses on reticulated electricity
e Variations around the exposure of businesses to pricing signalling in relation to both
energy and water
e Variations in lease arrangements and exposure to landlords and property managers
e Sizeable, albeit minority, proportion of businesses who are owner-occupiers
e The range of, and mix of, appliances and equipment in these buildings.

In regard to the latter, the demise of the once universal stand-alone fax machine (now

in only 52% of premises), and the rise of the water cooler (in 50% of premises), are

not abl e. Notable too is the mirxelaft eaddf6f eaptpil v ea
and equipment in these businesses.

Ultimately this data is intended to illuminate the aggregate energy and water use of
these businesses and buildings. The number of businesses and buildings out of the set
of businesses subject to this preliminary analysis that will contribute to establishing
average aggregate energy and water use at a national level will depend on successful
access of supplier data, and the extent to which processes to raise the building yield
from this set of businesses are successful.

That will obviously take some time. However, the current data provide a rich dataset
amenable to considerably more analysis. In particular, there are two steps that will
allow for a greater amplification and understanding of these businesses and the
buildings in which they reside.

19



2.3

First, this data will be matched using their unique compound identifiers to data in other
datasets. It is critical that this is done in a carefully managed process in which the
baseline of the resultant meta-database is established and understood. This will allow a
much broader analysis of businesses and their buildings.

It will also allow us to establish whether the hierarchy established for data collection is
adequate to BEES analytic needs. It has, for instance, become apparent during the
analysis of the data that establishing the number of storeys in a building is not fully
covered by the valuation or StreetView data as expected. Consequently, a minor
amendment has been made to the telephone interview for Strata 5 and for replacement
interviews to record the total number of floors in the buildings in which businesses are
operating.

Secondly, even without matching to other data at this time, there are opportunities to
explore the way in which businesses and buildings relate to each other. A preliminary
analysis of the 261 businesses in these 171 buildings suggests that the relationship
between building and businesses is complex and cannot simply be understood by
understanding the tenure status, activities and consumption of individual businesses.

For instance, while only 18% of the businesses are owner-occupiers, 47 (27.5%) of the
buildings have an owner-occupier residing in them. This raises a number of questions.
Are these buildings managed differently from other buildings? To what extent do
owner-occupiers attempt to reduce resource use in their building compared to property
managers, facilities managers or landlords who are not occupying their building? Do
owner-occupiers buildings have a different range of activities and businesses
undertaken in them or do they occupy different sorts of buildings? And, if so, does this
have any impact on resource use?

Other analysis of this dataset of 261 businesses and 171 buildings may help illuminate
the extent to which building uses are mixed or tend to be homogeneous in character. If
building use tends to be homogenous, strategies to manage resource use would be
very different from buildings which are mixed. Similarly, do some buildings tend to have
stable business occupation while others show significant turn-over in terms of duration
of business occupation? Is there any impact on the profile of resource use in these
different types of buildings if, in fact, they exist?

Exploring those and a myriad of other questions may provide not only fruitful ground for
broader analytic activities in Component A and Component B, but perhaps also a way
in which case studies may be focused in the future.

Energyand waterrecord data

By the end of Year 3, all of the phone survey respondents who had indicated they
would be happy to provide access to their energy and/or water revenue data had been
contacted. Requests for those who had responded have been sent to the energy or
water supply company, and the relevant records requested for as long a time period as
they were being held. Water data is likely to be quarterly revenue records, electricity
data a mix of monthly and half-hourly meter records, and gas data monthly revenue
records. The data analysis will be reported in the Year 4 report.
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3.1

COMPONENJE=TERMINANTS ORUREEIUSE

Component B i Determinants of Resource Use randomly selected and recruited
about 50 buildings from which on-site measurements of indoor environments and
energy use were gathered. The sample size is smaller than for Component A because
on-site measuring is many times more costly per building (see Figure 1). As many as
possible of the buildings for on-site monitoring will be recruited from the buildings which
participated in the Component A phone survey.

In addition, Component B involved the design and undertaking of five case studies
which are also reported in this section.

Interviews

(Prepared by CRESA)

The buildings recruited thus far for data collection into Component B cannot be taken to
fully represent the sample frame, as during 2009/10 it was necessary to independently
recruit them (see Section 3.2). As a consequence the sample was not sufficient and
insufficient data had been collected to support the undertaking of matched data
manager interviews.

This has meant that 2009/10 interviews have been refocused to a set of interviews with
building managers and owners not necessarily linked to recruited buildings. A case
frame for the interviews was developed around three types of building manager and
property managers that emerge as potentially critical on energy and water consumption
i n New Ze a-tesiderdia@ Buildimgs.nThe focus of these interviews is to assess
the following:

1.Whether there is active recognition of energy and water consumption issues in
the way in which buildings are managed and/or operated.

2.The extent to which resource optimisation is a component of building acquisition
and investment decisions.

3.The mechanisms property portfolio managers, facilities managers and property
managers use, if any, to incentivise or enforce occupant behaviour that
optimises resource performance.

Table 18 sets out the case frame for and the focus of the interviews. Three groups
have been identified.

First, those involved with facilities management within which four different types of
facilities managers have been identified. An in-depth interview is being undertaken with
individuals in each of these types. They are:

e Landlords who directly undertake facilities management in multi-tenanted
buildings

¢ Landlords who undertake facilities management in buildings that they themselves
occupy as well as being occupied by tenants

¢ Providers of facilities management on contract to landlords
¢ Facilities managers of high-end complex buildings.

The second set of managers who influence and have a stake in buildings are property
portfolio managers. That is, those who acquire and manage property portfolios for
companies owning significant property portfolios such as ING, AMP or similar
businesses.
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Table 18: In-depth interview case-frame management of non-residential buildings

Sector Numbfer of Focus
Interviews
A. Facilities Management
e Hands-on
landlords/multi-
tenant building Extent/intensity of management and scope of work
. Focus of facilities management in particular
e Owner-occupier -~
: building
landlord with tenants .
4 Engagement with tenants
e Provider of facilities I\K/ley prlr?rltles for facilities manag(;jer t det
management on efc ani sms use o efi
behalf of landlords performance -
Mechanisms to measure building performance
e High-end complex
building facilities
management
Priority given to resource (energy and water)
optimisation in investment, acquisition and
disposal choices
B. Property Portfolio Mgchamsm _for ensuring resource optimisation in
2 building design, build
Managers .
Mechanisms to manage tenant resource use
Extent of control over facilities management in
buildings and focus/priorities for facilities
management
Extent to green brand drives building selection
C. Property Managers for and operation
Green/Social Responsibility 2 Criteria for building selection
Companies Extent of management to optimise resource use
Management tools and user education

3.2

The third set of stakeholders in non-residential buildings who may have a particular
interest in the resource use and performance of the buildings from which they operate

are busi

nesses

wh o

brand themselves as

business branding of that nature is tied in with resource minimisation strategies
associated with their building selection and management.

This is a qualitative activity involving eight in-depth interviews. Interviewing will be
completed and reported early in the 2010/11 year.

Monitoring

(Prepared by BRANZ)

The main survey instruments® used in the targeted survey are:

1) Monitored energy and environmental data
2) Appliance audit

3) Lighting audit

4) Building audit

5) Hot water audit
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6) Water audit
7) Equipment audit (e.g. HVAC, lifts etc)
8) Occupant details questionnaire.

The survey instruments developed in the pilot were deployed in the full survey, and as
practical issues or improvements came to light were evaluated and implemented. In
most cases, this has not resulted in any substantial change to the data collected by any
survey instrument.

Due to the late start of the Component A telephone survey, the targeted survey
buildings were initially recruited independently. Only when the Component A telephone
survey was completed was a I|list of éhot cont a

Procedures have been developed to manage the recruitment process, such as tracking

calls and contacts, recruitment scripts, information packs, standard email templates

et c. The recruitment process takes <considera
c ont ac ttedompleten telephone survey.

3.2.1Monitoring equipment

A range of monitoring equipment has been used to obtain data on the different aspects
of supply and end-uses.

3.2.1.Energy
The two types of circuit electricity monitoring equipment used in the BEES project are:

1) Multivoies (www.omegawatt.fr)

2) Energy Logger Pro (www.onsetcomp.com/data-logger).

These are installed by a registered electrician under the instructions and supervision of
a BEES team leader. An installation manual has been developed for electricians to
allow them to become familiar with the system before the time of their first installation.

The targeted survey now mainly uses the Multivoies system, with the Energy Logger
Pro being usually used only for longer term monitoring and case study work.

The Multivoies equipment has proven to be reliable and easy to use. Data collection
has proven to be reliable with very low rates of data loss from the Multivoies system.
Only one set of data from one circuit channel was unreliable due to damage to a
sensor coil. Data loss is more likely to occur due to operator error than equipment
faults, and the installation and downloading processes have been improved to minimise
such loss.

Additional Multivoies circuit monitoring equipment was purchased in early 2010 to
enable a larger number of buildings to be monitored simultaneously, and to allow for
potentially very large installations in the large buildings and shopping malls in Strata 5
(see Table 3).

In 2010 GPRS cellphone communication modules were added to the Multivoies
product range. One was obtained for trial, and following a successful trial a total of 41
were purchased. These allow remote downloading hourly or daily from anywhere in
New Zealand. There are several benefits of using this system:

1) Ability to check monitoring while in progress

2) Ability to reconfigure loggers from anywhere in New Zealand if there are
problems
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3) Ability to reuse monitoring equipment without sending it back to the base for
data downloading

4) No need to download data at BRANZ or in the field (saving time and money)
5) Able to record at 1 minute intervals due to larger onboard memory

6) Increased data collection reliability (data can still be recovered even if the
GPRS module fails to communicate).

The Multivoies system does have the capability to monitor, store and also remotely
download readings from other sensors (e.g. temperature, humidity, plug-in appliances);
however that monitoring equipment is not being used in BEES. One reason for not
using it is that the range of the wireless communication would often not be sufficient to
cover an entire premises, or to go between floors.

Plug-in electrical appliance monitoring was started using the Plogg system, as initial
trials were very successful. Unfortunately, these proved to be unreliable, with software
and data connection problems and failed Ploggs in the second batch. In 2010 Plogg
issued a recall/repair notice due to an electrical design fault. All 11 Ploggs were
withdrawn from service. Forty Enerplug appliance monitors (part of the Multivoies
system) have been purchased and are now used.

The forms for recording the monitoring equipment set-up have been modified based on
experience to improve their usability and usefulness, and to minimise the incidence of
set-up and configuration errors that could result in data loss.

3.2.1.2Vater and gas
Where water and gas meters are found, attempts are made to monitor them.

During the pilot, electronic water meter reading trials were undertaken using a range of
nine different sensors to cover the various meter types. In practice, as the full targeted
monitoring proceeded, more and more different types of water meters were found. In
the field, it turned out to be too difficult to carry a sufficient range of water meter
reading sensors. The process of identifying which sensor to use, then following the
detailed instructions for installing equipment that is only occasionally used, would give
a slow and unreliable field monitoring method. Connecting and wiring sensors with data
loggers in the field would also significantly increase the time needed for installation.
The decision was made to rationalise down to one type of water meter sensor for the
Elster (Kent) meter, which is the one most commonly used in New Zealand.

The monitoring is performed using Onset micro-logger stations rather than the BRANZ
logger used previously (so as to have the same software and data procedures as the
Hobo loggers, and avoid making wiring connections in the field as well as to ensure
proper watertightness). This process is working well, and the installation of the reading
sensors and loggers usually only takes about 10 minutes.

For those water (and gas) meters for which the reading head does not fit, time lapse
cameras are being used instead. This builds on the experience of trying to use optical
methods to capture and read images of meter displays, which did not lead to a reliable
and practical field data collection method. Brinnofi Gar denCamod ti me | apse
used, at a cost of about $350 each (www.brinno.com/html/product02a.html). These are
designed for outdoor use to capture images of gardens and plants. They have been
modified slightly by setting the focal distance to ~5 cm for clear close-up images, and
by having LEDs fitted to provide light at night or in dark water meter holes. This gives
us almost identical lighting conditions during the monitoring period and further
processing using an OCR method could be implemented (data entry is manual at
present). Development and early use trials have been successful.
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3.2.1.Environmental data
The environmental data monitored is:

1) Temperature

2) Humidity

3) Lux level

4) CO, concentration.

The equipment selected for temperature, humidity and lux level is the Hobo U12-012
logger. These are small, battery-powered loggers that are easy to conceal. Several
U12 loggers are installed per premises.

The CO, concentration is measured by a Telaire meter connected to a Hobo logger. It
measures CO, concentrations up to 2,500 ppm (which is very high and unlikely to
exceeded often in buildings). Only one CO, meter is available for each set of
installation equipment, so only one location can be monitored in each building. This is
selected to be a typical space in the main area (e.g. office, retail floor)
(www.microdag.com/telaire/).

Forms have been developed and tested to record the equipment and what was
monitored so that the data can be correctly identified in processing, and so that there is
traceability to the equipment inventory and calibration.

In addition, 100 Hobo U10-003 temperature/humidity loggers were purchased, with the
intention of leaving one in each building for an entire year, logging the above-
mentioned parameters in 30 minutes intervals (due to memory limits). This will provide
long-term monitoring of indoor conditions, to enhance and correlate with the long-term
energy meter data.

3.2.1.Z£quipmentalibration

Calibration processes have been developed for all the measurement equipment used
in the targeted survey. All temperature and humidity loggers have been calibrated to a
reference traceable to the National Standards Laboratory at IRL. Lux loggers have
been calibrated relative to each other to give consistent readings. Electrical power
(Multivoies) monitoring equipment has been checked against a unit calibrated by the
National Standards Laboratory, and all units perform within the manufacturers
specifications. CO; loggers are sent to an independent laboratory for calibration.

3.2.1.9Monitoring equipment
The monitoring equipment now being used by BEES is illustrated below:

Energy Logger Pro H22-01 + interface modules (Figure 7)

Hobo Current Transformers (Figure 8)

Hobo Environmental Loggers (Figure 9)

Multivoies logger with different size Rogowsky coils (Figure 10)
EnerPlug electricity logger (Figure 11)

Brinno Garden Watch Cam modified with LED light source (Figure 12)
Multivoies logger (Figure 13)

Multivoies clamp Rogowsky coil (current transducers) (Figure 14)
Telaire 7001 CO, Sensor (Figure 15)
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Figure 7: Energy Logger Pro H22-01Figure 8: Hobo Current Figure 9: Hobo
+ interface modules Transformers Environmental Loggers

BB e L
MGt charvel

Figure 10: Multivoies logger with  Figure 11: EnerPlug electricity Figure 12: Brinno Garden
25 mm & 130 mm Rogowsky coils logger Watch Cam with LED

Figure 14: Multivoies Rogowsky Figure 15: Telaire 7001
Figure 13: Multivoies logger clamp current coils CO2 Sensor

Robust Pelican 1560 protective cases (Figure 16) have been purchased and fitted out
with the monitoring and installation equipment. The cases permit the equipment to be
safely and securely shipped as luggage on planes, boats, trains or cars.
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Figure 16: BEES monitoring kit

3.2.2Building audits

A range of audits are carried out on-site as part of the monitoring installation process.
All field data is collected on several printed paper forms to allow multiple people to
work on different forms at any one time. The data entry process from these forms takes
around 30 minutes per premises.

BRANZ is using a digital pen system for the 2010 BRANZ House Condition Survey.
Once this is fully operational its use for the BEES targeted survey will be re-evaluated.

3.2.2.1Appliance audit

The appliance audit has been successfully deployed, and provides a practical and
rapid audit process that causes little or no disruption to the occupants. The list of
appliances audited has had a few additions to reflect the types of appliances commonly
found (e.g. electronic whiteboard has been added to the list).

The appliance tally information is being used to randomly select which appliances to
monitor, according to a predetermined selection scheme implemented by an Excel
spreadsheet and macro. This is similar to the selection process used in HEEP.
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3.2.2.2.ighting audit

Lighting has been identified as one of the major energy end-uses in non-residential
buildings, and considerable effort is being put into the monitoring and audit to measure
and characterise lighting.

Lights are identified to a location in the building (matching the building audit floor plans)
and to a switch control. Data is collected on each type of lamp in each light fitting with
the wattage and total number recorded. The lamp type is selected from a list, as is the
control type. The wattage is either read off the lamp (if readable) or estimated from a
table of typical values. This audit data enables room-by-room or area-by-area
calculations of lighting stock and lighting power density to be made.

Although it would be preferable to confirm which switch or circuit relates to a specific
set of lights, it has not been found to be generally practicable to trace lighting circuits
by turning lights on and off, a process which was trialled in the pilot. Some businesses
do not want the lights turned off at all, and even if they are happy with the process, it
takes too much time. Lights are only traced in this way if they cannot be identified from
the distribution board. There is always a danger that the labelling on the distribution
board is inaccurate, and instead of switching off a light it could be an important piece of
equipment such as a computer or specialised instrument that is being switched off. It
would be unreasonable to expect participating businesses to tolerate such potentially
serious disruptions.

3.2.2.3Building audit

The purpose of the building audit is to collect information on the physical layout and
structure of the building so that characteristics of the buildings are known, permitting
the creation of computer simulation models.

The first stage of the building audit is to copy or draw and annotate a floor plan,
identifying each activity area, room height, floor coverings, glazing, doors etc. This is a
time-consuming process, but with experience a floor plan of 1,000 m2 with
approximately 10 rooms can be measured, drawn up and annotated in about 30
minutes. The time taken depends more on the number of rooms than on the floor area.

Data on each elevation is matched to the floor plan.

Early versions of the building audit collected detailed information on the elevations.
However, as most of that information is collected visually the photographs of each
elevation are now used to collect the information (such as window areas, shading etc),
for later coding and integration in the simulation models. This saves time in the field.

Some information that was desired has often turned out to be impossible to collect in
practice, such as underfloor insulation for slab-on-ground floors. Some questions used
in the pilot were dropped or simplified to reflect the quality of information that could be
obtained.

There appears to be no other viable way to collect and annotate this type of
information. If floor plans are available ahead of installation this saves time, so the
occupants are asked to provide floor plans if possible. Obtaining plans from council
records has been found to take too long and requires too much time to identify the
correct plans in the available records.

3.2.2.4Hot watersystemsaudit

As was the case in the pilot, it is difficult to find hot water systems in many non-
residential buildings as they are usually in out-of-the way places, and access is usually
difficult or impossible. As the occupants do not normally own the building, and usually
did not witness its construction, they often do not know where the hot water system is,
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let alone any information about it. In one building it was reported that when there was a
fault in the hot water system, the plumber called to fix it could not even find the hot
water cylinder and had to leave without fixing the fault!

As a result the amount of information collected on hot water systems has been reduced
to a practicable minimum. However, in the worst case at least the temperature of hot
water is obtained.

3.2.2.8Nater audit

The water audit collects basic information about water use in the building, including the
number of water-using fixtures. The water meter is located (if it exists) and monitoring
equipment fitted where possible.

3.2.2.€Equipment audit

The equipment audit covers large equipment used for central services (such as HVAC
systems and components, servers, lifts, boilers etc). As there is such a large diversity
in the type of equipment and services provided, it has not yet been possible to develop
a comprehensive checklist. This will be further developed in the coming year.

3.2.2.0ccupant questionnaire

An occupant questionnaire is mostly conducted during the installation, or as a short
telephone interview at the convenience of the responding occupant. The
occupant questionnaire mainly covers occupancy and schedules. The BUS
survey will be implemented in the 2010/11 year (see www.usablebuildings.co.uk).

3.2.3Photographs
Digital photographs are taken of the following:

1) Photos of all exterior elevations

2) Photos of the surrounding buildings and terrain from all exterior elevations

3) Adjacent buildings

4) General photographs of the interior

5) Photographs of all distribution boards where equipment is installed

6) Photographs of environmental logger locations

7) Photographs of all major equipment (e.g. hot water systems, HVAC, chillers).

The photographs serve several purposes. Some are a record of the installation to
assist in recall and identifying any problems later. Some are to record information that
will be extracted and coded later (e.g. exterior elevations to identify glazing area, site
shading etc). Using photographs particularly for the exterior elevations greatly reduces
the amount of time required on-site. They are stored electronically with other material
and data relating to the building.

3.2.4Logistics

3.2.4.Field staff

Field staff are often used to assist with the installations, mainly undertaking the audit
tasks. In some locations BRANZ has field staff that we use regularly. In less frequented
locations, field staff might be recruited on a one-off basis, from staff used by BRANZ on
other projects, personal contacts, or support staff supplied by the electrician. As the
audit work is well prescribed most field staff learn it very quickly and do a good job with
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minimal supervision. A field training manual is being developed to support the training
of temporary staff before the actual installation.

Using field staff both reduces costs by reducing the time spent by BRANZ staff, and
also reduces the duration of the installation, an important factor as some businesses do
not really want people working in their building for too long.

3.2.4.2nstallation

The pilot was conducted using a team consisting of an electrician and two or three
other people. The full targeted survey is being done with a smaller team consisting of
the BEES team leader and electrician, and when possible to organise an audit
assistant to do the lighting, appliances and building audit.

The roles identified are:

1) BEES team leader. Install electrical monitoring equipment with electrician.
Install all data loggers. Supervise installation.

2) BEES auditor. Conduct all the audits, with assistance from BEES team leader
as required.

For smaller installations, or remote areas where getting an audit assistant is sometimes
difficult, the BEES team leader may do all the audit work. This makes the installation
longer.

On-site, the time required for each of these tasks has been roughly the same. In some
cases the BEES team leader has finished before the auditor and can assist the auditor.

Some audit tasks need to be done in a specified order so that information can be
transferred to the team leader to assist with the monitoring equipment installation.

In order:
1) Floor plan for building audit
2) Lighting audit
3) Appliance audit
4) Other audit tasks in no particular order.

The floor plan needs to be done before the lighting plan so that rooms or locations can
be allocated to lighting circuits. The floor plan and lighting plan assist in identifying and
tracing circuits. The appliance audit is needed before the appliance for monitoring can
be selected.

The time required for installations have proved to be similar for the full monitoring when
compared to the pilot study. In practice the time taken varies depending on the size
and complexity of the installation. A small shop or office (50 to 150 m?2) usually takes
about 1% hours with three people. A large shop or office (~1,000 m2) takes about 3-5
hours with three people. The time taken does not scale in proportion to the floor area,
but to the complexity of the installation in terms of the number of circuits, distribution
boards, rooms, and equipment.

The most uncertain part of the installations is the time taken to install the Multivoies
electrical monitoring equipment. This depends on:

1) The number of distribution boards requiring monitoring (as many as five)
2) The number of circuits on each boards (ranges from 6 to ~60)

3) How well labelled and organised the boards are
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4) The physical condition of the boards (some are very old and potentially
dangerous)

5) The physical size and location of the boards (some are hard to work on)
6) If the electrician knows the building and boards
7) The skill of the electrician.

The number of boards and circuits is not easy to predict. Even a small premises
(<150 m?) could have two or three boards, and might have as few as six circuits or as
many as 40. The time taken can therefore be unpredictable.

To mitigate these issues the electrician who works on the building is normally used (as
they usually know the distribution boards and how they are wired), and the number of
boards and circuits is obtained by asking the electrician or the occupant before the site
visit. This enables a better estimate of the time required for the installation and
monitoring to be completed.

At this stage it is proving difficult to install more than one premise or building per day,
as the time required is unpredictable. Also with the targeted survey installation being
spread out over the year according to a preset schedule (time and geographic location)
it is uncommon to have a large group of buildings installed in one location at one time.
Only on one occasion have two installations been completed during one day, and at
least one installation has taken more than one day, needing to be completed the next
morning.

3.2.4.Removal

The equipment removal is done by the electrician, following a checklist of all the
installed monitoring equipment. The checklist is prepared using the monitoring
installations record. This saves a lot of time and money for BRANZ staff, especially for
locations outside Wellington. This is usually done on a schedule, and all equipment is
retrieved. Occasionally something is left behind requiring another visit, or a follow-up to
the occupants. The equipment is taken by the electrician and stored in the provided
equipment cases or packed in boxes. It is either held by the electrician for the next
installation, or returned to BRANZ by courier.

The removal process is much quicker than the installation T typically taking less than
one hour to remove the electrical equipment from the distribution boards and return the
board setting to the original condition, and 5-10 minutes to retrieve the environmental
loggers and appliance loggers.

3.2.4.Downloading and primary processing of data

Data from equipment that is returned is downloaded by BRANZ. The monitoring
installation forms allow the data to be correctly identified.

Equipment that is held by the electrician is either downloaded remotely, downloaded
on-site before being installed in the next building, or is swapped for fresh equipment
and taken back to BRANZ for downloading.

The GPRS cellphone modules which are now being used with the Multivoies electricity
monitoring equipment communicate data to a central FTP server once per day.

The data from all the monitoring equipment are downloaded, checked and stored in
named files in the appropriate location. The monitoring set-up sheets are used to check
that all data loggers have been retrieved and all files downloaded.

All data is visually checked before being stored. Where problems occur they are fixed if
they can be, otherwise the files are stored. Strict naming and filing conventions are
applied to ensure that data is stored in the correct place ready for processing.

31



The processing of data is done using the S-Plus statistical package. This package was
used for HEEP, with modifications made for the BEES project. Building on the existing
HEEP platform has saved an enormous amount of effort in developing software.

To reduce the processing time and improve reliability the data files are usually not
altered once they are downloaded. For example, as some data loggers are not stopped
when they are retrieved there is data from after the removal, and this needs to be
removed from the processing. This process is handled by a master monitoring set-up
file which stores the name and location of every data logger, the start and end-time for
monitoring, and other related information such as the location, descriptor of the data,
and other information used for processing.

There are several major benefits of this system:

1) Most data processing is done by making entries in a spreadsheet rather than
editing or processing files

2) The downloaded data files are not altered

3) No extra copies of the data files are needed

4) No chance of making irreversible changes to data files
5) No chance of corrupting data files

6) Much faster than editing thousands of individual files
7) Master processing list is the record of processing

8) Can be done as a batch process.

3.2.4.9mporting data into $lus

The data are imported into S-Plus using a custom set of importing and processing
functions. The raw data files consist of multiple separate files for the Multivoies
logger(s), temperature/humidity/light loggers, and any other data loggers. All this data
needs to be combined into a single file for processing and analysis.

For each data file:
1) The data is imported
2) Known problem data is removed automatically (e.g. start-up values)
3) The time base is aligned to 1 minute interval, and data interpolated if needed
4) Names are assigned to each item of data from the monitoring set-up

5) Start and end times are applied to each item of data from the monitoring set-
up
6) Calibration corrections are applied.
The data from all files are then combined into one data object:
1) All data are trimmed to the start and end times for the premise(s)

2) Totals and other processing done (e.g. add all air-conditioning units (aircon) to
give air-conditioning total)
3) Data object is stored.
After the data is imported all the data is visually inspected using Exploratory Data
Analysis (EDA) plots. An example is provided in Figure 17 for a temperature sensor
|l ocated in an office. The | abel euSee(fepj,of 1 ad

data type temperature (T), located in office number 1 ( o f 1), with fAad indi
sensor in office number 1. The EDA plot has a description of the data and basic
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statistics in the title. The upper plot is a histogram of the data, from which extreme
values, zeroes, negative values and other potential problems can be readily identified.
The middle plot is the time series of the data, in this case at 10 minute intervals. The
lower plot has the average by time of day (midnight to midnight) and the seven-day
moving average. By inspecting this plot an experienced analyst can identify any
problems very quickly, and identify any interesting or unusual patterns. For this case
the time of day profile is unusual as it is maintained within a very narrow band (average
only varies between 22.7°C and 23.0°C) and shows evidence of tight active control (at
8 am the temperature drops, presumably when the air-conditioning system starts on a
timer). Any data problems detected from the EDA are then traced, fixed and the data
re-imported.

Figure 17: Example of EDA plot for temperature
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3.2.5Status of targeted monitored buildings

Table 19 provides summary statistics on the BEES Installations completed between 1
June 2009 and 30 June 2010.

Table 19: BEES monitoring 2009/10

Activity Count
Premises 42
Buildings 34
Distribution boards ~58
Electrical circuits ~1,200
Temperature/humidity/light loggers ~160
Water meters 36
Time lapse cameras on water meters 2
Plug-in appliances ~30

In almost all cases all distribution boards and all electric circuits were monitored in the
participating premises. In a few cases where several floors were occupied by one
premise a sub-selection of floors was monitored.
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To give some perspective on the complexity and amount of work involved a
comparison with HEEP is useful (see Isaacs et al, 2010).

Once HEEP reached full-scale monitoring, 100 houses were monitored in each year.
Installations were undertaken by one of three teams, each led by a trained BRANZ staff
team leader. The work required for the HEEP audit (everything excluding monitoring
equipment installation) is comparable to the BEES audits. The monitoring for HEEP
was less complex (three-quarters of houses had only total and hot water monitored)
with fewer distribution boards (usually only one) fewer circuits (usually ~10).

In comparison, the BEES monitoring installations over the 2009/10 period have
completed 42 premises in 34 buildings. Electrical monitoring equipment has been
installed on 58 distribution boards, monitoring ~1,200 electrical circuits. This is
comparable to the entire electrical monitoring undertaken in one year of HEEP
installations. For BEES there is only one BRANZ installation team leader (not three)
with a back-up, so to achieve this amount of monitoring is a major achievement.

3.2.6Preliminary analysis

Preliminary analysis of some targeted monitoring data is given to demonstrate what
type of information and analysis the data can support. As the data is not yet a full
statistical sample, and is on the basis of premises, this analysis does not represent
the national building or premises stock. No inference can, or should, be drawn from
this analysis.

Note that all the reported analysis is preliminary and subject to change.

3.2.6.Major electricity endusetotals and breakdowns pgremise
The major electrical end-uses in the surveyed buildings are:

¢ Premises total

Lighting

Air-conditioning

Plug loads

Hot water.

The full report on this work provides for each premise the approximate breakdown of
end-uses, where the data was available for processing. Note that as each premise is
only monitored for a short period (typically 2-4 weeks) these breakdowns do not
represent the annual end-use breakdown on an annual basis. As more premises are
monitored, statistical analysis will be used to infer the overall annual energy use
breakdown.

Based on the monitored buildings, the daily electricity use varies widely, from 7.1
kWh/day for a small shop to about 1,500 kWh/day for a large office building.

The sample is too small to make useful breakdowns by business type or size; however
there appear to be some obvious patterns in the data.

The smaller shops are usually small suburban or provincial town shops, which often
have no dedicated heating or HVAC system. Their energy consumption is usually very
low (10-30 kWh/day). For these types of business the lighting is often the dominant
end-use, and is often a high percentage of the total electricity consumption. One small
shop had 97% of the electricity used for lighting. This proportion was verified, as the
shop had no hot water system, no heating, and only a handful of small appliances.

Air-conditioning is present in only some premise. Some are central HVAC systems, but
most are single or multi-split systems. As the time of year monitoring was done varied,
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the energy consumption for air-conditioning does not represent a full year.
Consequently the air-conditioning electricity consumption for the short periods
monitored is highly variable, ranging from 1% to 58% of total electricity consumption.

Power point (plug load) electricity consumption appears to be slightly more consistent,
ranging from 21% to 70% of total electricity consumption.

Hot water appears to be a minor end-use. For those premises where a hot water
system existed and was monitored separately the consumption was usually about 1%
to 2% of the total. Some premises had hot water systems that were turned off or
disconnected.

Computer servers are difficult to monitor as occupants often refuse to allow monitoring
equipment to be installed due to concerns over possible power interruptions (which we
note is unlikely with the BEES monitoring equipment). For the three servers monitored
so far, consumption ranges from 3.2 kWh/day to 48.1 kWh/day. These are typical
business sized servers i there is one large server farm in a monitored BEES building,
which consumed 160 kWh/day (~60,000 kwWh per year) for one of two server rooms,
excluding the room HVAC. These preliminary results could suggest that server
electricity consumption might be larger on average than hot water energy consumption
in commercial buildings.

The monitored electricity data already shows the wide variation of electricity
consumption between premises and between end-uses. Even in the small selection so
far, the range from lowest to highest electricity consumption is a factor of 200.

3.2.6.Z'remperature, humidity and light

Temperature, humidity and light are monitored in several locations within each of the
premises. Examples of average daily temperature profiles are given in Figure 18 for 32
rooms in monitored premises. It is again stressed that the monitoring is for a short time
period (usually 2-4 weeks) so does not represent an annual average.

One of the early findings from HEEP was that winter indoor temperatures were low,
and often poorly controlled. In the BEES premises monitored so far the indoor
temperature profiles usually do not show evidence of tight control of the internal
temperatures. Most premises seem to be left free-running after hours, and only a few
show evidence of being conditioned 24 hours a day to a controlled set-point
temperature within a band of a couple of degrees Celsius. It seems that many non-
residential premises are not well controlled, possibly due to a lack of a centrally-
controlled HVAC system, insufficient capacity or poor control. The belief that non-
residential buildings in New Zealand are operated to a well-controlled set-point and
schedule might not reflect the actual operation of many buildings. This result can be
expected to change as increasing numbers of different building sizes and uses are
monitored.
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Figure 18: Temperature profiles from 32 rooms in monitored premises
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Light levels are also monitored in the BEES premises using a lux sensor. This gives
non-colour corrected light levels in units of lux. Average daily profiles of this data are
given to explore lighting patterns. Examples are presented in Figure 19. The monitoring
is for a short period of time (usually 2-4 weeks) so does not represent an annual
average.

Most of the lighting profiles show a distinct period of lighting during the day with a
reasonably rapid increase and decrease in light levels. For some the light levels are
stable for most of the day, probably indicating the sensor is mainly illuminated by
artificial light, and that the lights are left on continuously during business hours. For
others the light levels vary during the day, possible due to partial daylight illumination.
Typically the lighting levels are around 200-400 lux during the day.

When further analysis is done on the BEES data it will be possible to compare the
monitored lighting levels with the lighting audit information to determine how much
installed lighting is being used to achieve the lighting levels.
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Figure 19: Lighting profiles (lux) from 31 rooms in monitored premises
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3.2.6.Baseload and standby

The baseload and standby was analysed for HEEP houses, and provided very valuable
information on standby and other constant loads such as lights left on and faulty
refrigeration appliances. A full description of the method can be found in the HEEP
Year 10 Report.

So why is this important for BEES? The baseload and standby is made up of
appliances or equipment that are constantly on (e.g. exit lights, security systems),
standby power of appliances and systems, overnight lighting, etc. By removing the
energy used by appliances and equipment when it is cycled on and off, some
assessment can be made of how much other energy they are using. This gives
potentially useful information which could be used to identify savings or efficiency
improvements.

One BEES case study has already started to examine baseloads, and there is potential
for developing this into practical procedures that could be applied to metered interval
data to provide new information to consumers. Using the 10 or 1 minute interval data
from BEES could help to determine what information can be gained at the 30 minute
intervals typically used for metering.

Baseload and standby analysis is attempted for the monitored BEES premises. The
analysis methods are still under development as there are several features of the
premises and the data not seen in the HEEP houses. These include:

1.Much higher prevalence of cycling appliances such as refrigerators and HVAC
systems
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2.Much higher numbers of appliances and systems

3. Often pronounced differences between the after-hours loads during the week and
weekend.

As a result, the electricity consumption is less likely to reach a stable minimum after-
hours as often as in houses, as there are more appliances and particularly cycling
appliances. Most early targeted survey premises were monitored at 10 minute
intervals, with later ones (and all future ones) at 1 minute intervals, which gives a much
greater ability to filter out the cycling equipment and appliances.

An example of the data for the total electricity consumption of a premise is given in

Figure 20 below. This premise shows a distinct pattern of use across the week, with

five days of full operation and several hours of operation on Saturday. The load never

drops below about 2,500 W, as indicated by the baseload line. For this premise the

HVAC system appear to be running 24 hours a day. The relatively stable baseload

suggests that all HYAC equipment and major cycling loads are often simultaneously

off, ot herwise the minimum value on the graph
bottom edge. While for this premise the load never dropped below ~2,500 W, what

makes up this load has not yet been determined.

Figure 20: Example of baseload data
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The baseload was estimated for all the monitored premises with data available. On
average the baseload was ~1,100 W, and ranged from near zero to 6,700 W. In HEEP
the average baseload was 112 W. What makes up this baseload still needs to be
determined. At this stage analysis of overnight lighting electricity consumption can be
done for some premises, and this ranged from 5 W to 2,900 W, with an average of 368
W. It seems that some lights are left on overnight, and this might account for ~1/4 of
the baseload. Further work is needed to better understand and quantify the baseload of
non-residential buildings, and identify what end-uses contribute to it.

3.2.6.4onclusion

The targeted survey is now running at full-scale, with enough equipment to monitor
about 10 buildings at any one time, and enough trained staff to install a maximum of
about 10 buildings per month. A robust set of survey instruments, forms, equipment,
procedures and processes is being used. The scale of the task has been determined
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3.3

and appropriate resources (personnel, equipment and money) allocated so that the
planned number of buildings can be monitored.

The full system for downloading, processing, applying calibration corrections and
assigning in a central database is operational. Data are processed quickly (usually
within 1-2 weeks) after downloading, ready for analysis. These processes ensure that
good quality, reliable data is collected and stored in a form that is traceable and
searchable, and can be analysed on a consistent basis.

While the number of premises and buildings is currently insufficient to provide national
or grouped analysis, the monitored data is beginning to reveal patterns of energy use
and indications of the levels of energy consumption and service in non-residential
buildings.

Patterns of temperature suggest that temperatures in many non-residential buildings
are not well-controlled, and that they are not operated to well-defined set-points or
schedules.

Patterns of lighting (lux) suggest that lighting is used mainly during the day, and that
light levels (and perhaps lighting energy consumption) are reasonably stable
throughout the day.

Humidity and CO, levels are also being monitored, and will be reported on in
subsequent analysis.

Electricity consumption varies widely in the premises monitored so far, with a range of
200 times from lowest to highest. The wide range in the floor area is probably the main
reason for this range, so this and other drivers of energy consumption will be explored
in future analysis. The fraction of total electricity used for lighting varies widely. It
seems that in some small retail premises lighting is the dominant energy end-use.
Water heating appears to be a very minor end-use (maybe a few percent). Servers are
fairly common and it seems that their energy consumption might be larger than for
water heating.

Case studies
(Prepared by Energy Solutions)

Five trial case studies were designed and carried out to explore what drives the
variation in energy use in non-residential buildings. The results of this work also
provided the opportunity to examine the value of case studies to the overall research.
The case studies are summarised in this section. The full case study reports are
available from the BRANZ website (www.branz.co.nz) . Note that building names or
other identification are not provided in order to ensure confidentiality.

3.3.1Case studyl: Comparison of measured results for similar premises

Four premises in a Wellington, mixed-use non-residential building were monitored
during December 2009 to January 2010, three in sufficient detail to document all of the
end-uses.

The four-storey building has several office premises and a retail showroom on the
ground floor. It is approximately 80 years old. There is a passenger lift and stairwell,
enclosed car park at the rear, and corridor through the building on the ground floor.

A simplified plan view of the building is shown in Figure 21 below. The street frontage,
facing north, is at the bottom of this plan. The showroom and three offices were
monitored, as well as much of the common areas.
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Figure 21: Case study 17 schematic floor plans

The monitoring yielded some interesting results, showing the similarities and
differences in energy end-uses between premises in the same building. The premises
were similar in size and annual usage (especially on an area basis), but differed
markedly in their patterns of use.

There were both winter-peaking (south-facing) and summer-peaking (north-facing)
premises in the building, and one that peaked in both summer and winter, with slightly
lower use during swing seasons.

Office B, on the south side of the building, has by far the highest heating loads with an
AUEI (Area Energy Use Indexi the annual energy use divided by the floor area) of 61
kWh/m2/yr, comparable to other buildings with predominantly electric resistance space
heating. The showroom had by far the highest lighting energy use, both in terms of
installed lighting density (22 W/m?) and usage.

Office C had all the apparent electrical circuits on its distribution board monitored, but
these accounted f or |l ess than hal f of t hat pr
premises, the individual circuits exactly matched the power use to the premise. For
another, the total premise use was only within about 10% of the sum of the individual
circuits. This was somewhat confused by other circuits, not connected to that premise
that were monitored on the same logger, and not clearly distinguished.

Office A showed a significant decline in energy use i over 30% in the past two years. It
would be interesting to determine what caused this reduction.

One important l esson | earned from this
during the monitoring of complex buildings, so that the circuits running from each
distribution board can be fully identified, and individual circuits linked to each premise.

Finally, one premise, (the showroom) had its energy purchase account with an address
different to its street address. This might indicate that they are being charged for
someone el seds el ectriddnbtghowmthie, alt houg

The end-uses for the three premises where these were completely measured are
summarised in Table 20. The first three columns list the energy use, floor area and
AEUI. The next columns list the peak season, and lastly how much below the normal
usage the energy use is in the month of January.
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