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Abstract:

Energy is a notoriously difficult concept to visualise. Designers, developers and the
public at large could benefit from access to data on building energy benchmarks along
with the potential for energy efficiency and generation. Data collected during the
Building Energy End-use Study (BEES)' will be analysed and applied to Wellington’s
commercial building stock in order to communicate building energy use and potential
in a 3D city visualisation. The overall aim is for this work to be applied at a national
level through batch visualisation techniques.
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Introduction

This paper describes a project exploring the options for reporting data on patterns of
energy use in non-residential buildings for Wellington’s Central Business District
(CBD). The aim is to explore how best to communicate statistics on building energy
use overlaid on a 3D city visualisation. The Wellington CBD is planned as a case
study of the application of this technigque at a national level.

The Building Energy End-use Study (BEES)' was designed to provide a greater
understanding of energy and water use in New Zealand's non-residential buildings.
Through actual measurement and analysis of building resource use and contents
BEES will identify opportunities for reduced operational energy and water
consumption.

In the early stages of the BEES project, the research team tested the proposition that
information about building characteristics may be collected economically using
publicly accessible web data. A significant part of this paper reports the result of that
process. As a result of the research process, the BEES team have produced a set of
detailed building stock typologies to which building energy benchmarks can be
assigned.  The research plan is to communicate these benchmarks in the form of
publicly accessible 3D visualisations which have the potential to change the way
people view their built environment. Benchmark building energy results from the
BEES study will be applied according to detailed building typology and site
conditions unearthed during the Websearch work. This, in addition to site-specific
energy efficiency and generation potentialil plus water use benchmarks will eventually
be communicated to a wide audience in a visual manner rather than resorting to
statistical tables and charts.



Central Government Maintained Data

Much of the publicly available data on commercial buildings in NZ has already been
gathered from the NZ property valuation database (prepared to national standards for
the purposes of property taxation) and the website ‘FINDA.co.nz’ - a comprehensive
business directory. Records with any Commercial (Office, Mixed, Retail) or
Industrial (Service, Warehouse) valuation category were selected on the basis that
they fit BEES sampling requirements. After initial validation work grouping the
valuations into buildings, checking for missing floor area values and glaring errors, a
stratified random sample of 3,043 buildings was randomly selected from the 75,000
non-residential building records. The strata were based on floor area, category of use
and location. Further information on BEES research is available in ‘BUILD’
Magazine" and in the BEES Study Reports".

The property valuation data included street address, total floor area, floor plate area,
building age, building fabric and broad category of use information. In addition the
FINDA database generated business names and detailed categories of use based on
street address for approximately two-thirds of the sample.

Virtual Site Visits to Enrich Understanding of the Built Environment

Google Street View' came online in New Zealand in December 2008, during early
stages of the validation work. This project has tested the value of that virtual site visit
tool as a means to gather data beyond what is maintained in central databases.
Because of the omnidirectional images now available in New Zealand, a strategy was
developed that meant most of the information usually only able to be collected
through physical site visits was now able to be gathered at low cost through a desktop-
computer survey.

Google Earth, Google Street View and internet searches provided details on business
names, glazing ratios, built form class, building fabric, address confirmation, storey
height along with aerial photo and elevation image links. Simplistic 3D models were
also created for each building and positioned geographically using Google Sketch-
Up” with the Energy-Plus-ready plug-in *Open Studio’*". The models that were
developed were highly simplified and ignored details such as overhangs, porches
projections and the like. A similar approach was used in the United Kingdom’s Non-
Domestic Building Stock (NDBS) database"" which used GIS to generate built form,
however for BEES the use of open source, widely available tools (Google Earth,
Street View and Energy Plus) allowed for wider public access as well as ready-made
energy simulation models.

The Websearch work was carried out by Victoria University Wellington graduates
with an architectural / building sciences background. Their academic training was
sufficient preparation to be able to discern detailed observations about the building
stock and complete a 3D geo-located model in less than 30 minutes per building.
Where full information was not available they were able to make educated
assumptions. The author set up the websearch strategy and record forms as well as
overseeing the research assistants work over the course of several months. For a
study the size of the BEES project this meant that a relatively small team of local
researchers could canvas the entire country without physically visiting buildings. This
presented huge advantages to the BEES project enabling the production a far richer
database of NZ non-residential building typologies than could be obtained if travel,
accommodation and travel time of standard site visits were required.



This approach has far wider potential than the New Zealand situation. At the time of
writing, Google Street View is widely available throughout USA, Australasia, Japan,
South Africa, Brazil + Western Europe world with notable exceptions in parts of
Germany due to privacy concerns raised in 2010™.

Data entry was by a spreadsheet developed in Microsoft Excel using generic
dropdown menus. This allowed the results to be consistently entered by multiple
research assistants. The information gathered is shown in order in Figure 1.

1. Address (if it differs from valuation record) 9. Glazing Type (primary and secondary)
2. Aerial Image Links 10. Percentage of Glazing (N - E-S - W)
3. Floor Plate Area (square metres) 11. Elevation Image Links
4. Number of Storeys 12. Built Form Classification
5. Building Height (metres) 13. Category Code (if amended)
6. Floor Area Estimate (square metres) 14. Business Names (comma separated)
7. Building Fabric (primary and secondary) 15. 3D Sketchup + Open Studio Model Link
8. Roof Construction (primary and secondary).  16. Notes (Assumptions / issues arising)
Figure 1 Excel Data Types Collected During Websearch
Figure 2 Photo taken during BEES site visit: Nov. ‘08 Figure 3 Google Street View screen shot

Floor area was estimated using the tape measure tool in Google Earth and compared
to the figure given from the valuation database. The number of storeys and building
height (m) were estimated using Street View images generated from height
assumptions of passers-by, parked cars or the heights of windows and doors. Aerial
and Street View image links were saved with the valuation record to allow rechecking
of the data at any time.

Figures 2 + 3 illustrate that the images taken during a BEES site visit produced
similar results to those taken by Google Street View. When a street number was not
displayed or not clearly labelled in Google Maps, Google Street View allowed the
adjacent buildings to also be viewed. Once a street number had been located close to
the building under survey, an estimate could be made as to the correct number of the
desired building. The added advantage of virtually moving up and down the ‘street’
was that other facades of the building could also be viewed. This enhanced the
recording of constructional elements. Better estimations could be made based on
large portions of the building. One such estimation was the glazing percentage. This
was based on viewable facades and the orientation of the building elevations. This
allows the ratio of glazing to wall to be estimated and where a building shared a party
wall with an adjacent building the glazing percentage was noted as zero*.

To consistently categorise the building form typology, a set of built form codes that
were appropriate to the New Zealand building stock were devised. These 15 built



form types were based on a United Kingdom paper A Classification of Built Forms.*
The classifications were dependent on how the buildings were naturally-lit, the types
of space provided (open plan, cellular) and the number of storeys (Figure 4 below).

During the Street View data collection process it was recognised
that details regarding site context could also be added to the
database. Particulars regarding overshadowing from adjacent
buildings and topography could therefore be noted along with
characteristics regarding the building itself. This measurement
included average height and distance of the obstruction from the
surveyed building elevation and if possible an estimation of the
relative ground level across the site for buildings on noticeable
uneven terrain. This data was recognised as an essential
component of any energy or daylight performance model.

Building Energy End-use Study

The statistical model of the BEES project is building a picture
of the whole non-residential sector in successive steps: starting
with the national valuation database of all buildings, the random
sample of the Websearch data formed the basis for a telephone
survey of a representative sample of premises in buildings — the
Aggregate Survey. Respondents to this survey were asked to
provide anonymous details on occupation hours, building

usage and historic billing information. At a more detailed level

again a random sample of 200 buildings is being studied in-

depth using on-site monitoring of energy and water whilst

collecting schedules of appliances, lighting and building

characteristics — the Targeted Survey.

The 3D models created during the Websearch stage will
eventually be used to run energy simulation models by the
Centre for Building Performance Research (CBPR) at Victoria
University of Wellington. The model results will be compared
to the energy use supplied by the Aggregate Survey and the
actual measurements taken on site during the Targeted Survey.
This data will eventually be fed back into the database of
commercial NZ buildings. These BEES component studies
will increase understanding of the energy performance of the
entire commercial building stock building a detailed picture of
the typical ranges of energy use and building contents relevant
for various detailed building typologies. The data from the
BEES research is due to be completed and reported to research
stakeholders by June 2013.

Building Typologies

Single-Room Form
String of Single-Room Forms

1-4 Storey, Day lit cellular strip (Side lit)

Open plan space in a single shed

1-4 storey, Day lit open plan strip (Side lit)

Open plan continuous single storey
No

@ representation,
. i build original

Artificially lit open plan multistorey

Open plan car parking or trucking deck

# No
E’ ‘representat‘ion,

build original

Figure 4 Built form types
adopted from “A Classification
of Built Forms” ™

Initial analysis of the Websearch work uncovered some areas where building
typologies could be simplified for the purposes of energy modelling and statistical
analysis. While the initial decision to adopt the UK’s classification of built form

continues to provide a basis for analysis, it has been shown to

be no longer entirely

necessary due to the added information collected during the Websearch survey
regarding glazing ratio, building height and building fabric. Three options for adding

daylight to an open shed space could now be amalgamated into

a single ‘Open Shed’



form class. The differentiation between a less than 4-storey block vs. an over 5 storey
block were also unnecessary due to the Websearch data collection on storey height (six
form types could be reduced to two - open plan vs. cellular). Two further form types
had no representation in the sample leaving only 6 built form types to consider overall.

Of the broad categories of use allocated when the valuation record was first created —
20% were found to be no longer accurate during the Websearch work™'. To improve
the accuracy of this data, a study was made of the 890 detailed ‘FINDA’ categories
provided by the ABN business name search as well as the detailed category and land-
use type information given for each valuation record. Each building was allocated one
or more of the following codes according to its detailed use category (Food, Office,
Retail, Special as well as Industrial, Hotel/Club and Dwelling also noted where part of
a mixed use building but not, on their own, ‘BEES’ uses):

The percentage of daylight access for each facade was calculated by taking the
average angle overshadowing each elevation. Records where a significant site slope
was noted provided an angle of site slope for North-South and East-West orientation.
Further steps were also taken to consolidate the most accurate information from the
valuation database with the new information provided by the Websearch.
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Figure5 Example results on building stock typology from BEES Websearch data.

Batch Rendering 3D Visualisation

This research will result in a test model of central Wellington working with typologies
developed for New Zealand non-residential buildings, along with initial estimates of
energy and water use from the BEES benchmarks. In order to ensure that the
methods used to apply BEES data to the 3D visualisation are able to be applied on a
national scale, the various batch rendering tools currently available will be
investigated and tested. There are numerous tools available to allow city models to be
rendered automatically from a background database such as an Excel spreadsheet.

Buildings in the 3D model will be shaded
with colours and labelled according to
the data available. This has the potential
to be cross-checked with other site
information such as earthquake risk,
ground conditions, solar access, heritage
listing, site overshadowing, wind shelter
and resource consent (planning) envelope E&% : R~ N
heights. This means that site potential - § . ‘f?‘"{f AT
can be assessed by anyone interested in  Figure 6 3D model of Wellington - Earthquake risk
the topic and available to those who are
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happier working with visual graphics. Further detail will be explored such as breaking
down benchmark energy use into lighting, space conditioning and overall energy use
for each floor level of the building according to the findings from the BEES research
team. Ideally the 3D data would be freely available through a platform such as
Google Earth / Street View (KML / KMZ file - Google 3D Model Warehouse) and
accessible to anyone with a computer and internet access. KML 3D model files are
viewable in Google Earth as well as able to be merged with Google Street View
images.

Now with the latest developments
in smart phone technology — this
same information  will  be
available ‘in-situ’ as a type of
augmented reality — a ‘lens’ to F t
view the world through. If —
successful, it will be possible for '
construction professionals, i

ar - Figure 7 above, Smart Phone " a system
bUI|d|ng OWners, developers and for annotating locations with descriptive
tenants to understand the built information and Figure 8, right, view of
environment and implications of awindow showing sunpaths at equinox
bUI'dlng deSign / typology on (yellow) and winter solstice (blue)
energy and water use™". Figures 7+8 illustrate how such interactive augmented
reality applications currently work on smart phones and tablets™". The next phase of
this research will explore how 3D annotation might be used to report the BEES data
on typical non-residential building energy use — related to publicly available generic
building form information.
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