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EXECUTIVE SUMMARY

This report presenthe development and details afrfprmance basebbenchmark for
South African office buildings The approach adopted i®nsistent with similar
internationatools developedo benchmark operational energy performaride report

is in its draft format mad will be finalised once the benchmark methodology has been
reviewed and approved.

A large sample of office buildingdscatedthroughout South Africa has been gathered as

a part of the project andhis data has been used as an empirical basis for thgyeaed

water benchmark models. Due to the limitations on available metering data, the South
African data set is limited to the analysis of whole building enemgyg water
consumption As preliminary analysis, aumber of demographic factors and their
impact on building EUI were examinedt was demonstrated thaariations in sample
building EUI and WUI were largely unrelated tofactors such as building location,
building size, year of construction/refurbishment, % of active cooling coverage
irrigationand inclusion of energy intensive end uses.

From a benchmarking perspectivajilding size (Gross Lettable Areajasthe most
significant consumptiordriver for both energy and water benchmark$owever,
additional empirical and theoreticebrrectiors have been made to account for various
building and location specific characteristibat are understood twave an impact on
energy/water consumptiomhe key constituents of the energy benchnraddel are
building size computer densityclimate and occupncy hours; the latter two are
theoretical corrections based on simulation outcomes in NMESanwhile, the key
constituents of the water benchmark modeltardéding size, occupant density, climate
and occupancy hoursA theoreticalwater climate correain has beeradoptedin the
water benchmark while a theoreticadrrection vas derived for occupancy houis
comparable to the simulated occupahoyrs correction for energy.

This report alsadetails thederivation of recommendeaating bandgor both theenergy
and waterating tools based on the benchmark mptted rating system recommered
incorporate a 10 pointrating scale that is based on the relative performance of
buildingswith respect tdaheir peersindertherelevant benchmarks
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GLOSSARY

Box whisker plot: the boxwhisker plot is ideal for presenting differences betwadrsets of
data Within eachset the boxes represent the 25th to 75th percentfldataby sizewhile the
ends of the whiskers extend to the maximum and minimaioreswithin that population. The
two halves of the boxes meet at tisservednedian.

6

5

N

w

WUI (kL/m2)

N

[

o
BRRE=NF_

Johannesburg Pretoria Rest of Gauteng Westemn Cape  KwaZulu Natal Other

0
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Cooling Degree Days (CDD)A degree day represents the proportion of a day where the
outsideair conditions require a certain level of cooling to reach the desired base temperature
level. The formula is used for each segment of time for which the temperature is known:

[(OA temp)- (base temp)] x (proportion of the day)

The sum of these weighte@lues for a whole day gives the number of cooling degree days,
for that base, for that day.

For example2 hours at 16°C represerffisc-15)*2*1/24 of a Cooling Degree day with base
15°C.

Correlation Coefficient (R?): is a measure of the correlation stréngetweenwo sets of

data. The coefficient varies betwednand +1 with-1 indicating a purely negative correlation

(one set of data is the exact negative proportion of the other set) and +1 indicating a purely
positive correlation. The weaker the r@aship is between the two sets of data, the closer the
coefficient will be to zero.

Least Squares Regressianpart of regression modelling is finding the linear model which
Abest fito the dat a. The met hod abthined wharst s
the sum of squared errors between the predicted Y value and the actual measured Y value is
minimised. Graphically (see below), the regression error (residual) is the distance between the
actual data (data point) and the regression line dfittedel). The least squares approach
mini mses the sum of al/l squared errors to
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Linear Regression is an approach to modelling the relationship between a dependent
variableY and one or more explanatory variables X. The relationship is assumed to be linear
in nature and takes the form f o f ® E 1 &, wheref g are scalar
constants @ferred to as coefficients if they are associated with a particular X variable) and

@ ¢ are the explanatory variables. The scalar constants are most often evaluated using least
squares regression (minimising sum of squared errors).

Mean: the mean is otherwise known as the unweighted arithmetic mean and is the average
value for a given finite set of observations/values. In the context of the project, the mean is
also synonymous with the expected value of a given observation.

Median: In the context of data analysis, the median is explicitly the middle value of a finite
set of observations/values whichn be found by arranging all the observations from lowest
value to highest value andelectingthe middle one. If there is an even number of
observations, thethhe median is the mean of the two most middle values.

NABERS: the National Australian Built Environment Rating System (NABERS) is a
performancebased ratingsystem for existing buildings. NABERS rates a building on the
basis of its measad operational impacts on the environment, and provides a simple
indication of how well building ismanaging these environmental impacts compareditsith
peers and neighbourshere are several variants of NABERS that are used to rate different
building types, namely: Offices, Hotels, Hospitals, Shopping Centres and Data Centres.

p-value: the pvalue is a measure for the significance of a regression variable. As part of the
regression output, it represents the probability that the regression coefioci¢ime variable

in question is actually O (insignificant in a regression model). Ideally, -tredye is to be as
close to 0 as possible to ensure coefficient/variable significance. As partteéta the p

value is the probability that the null hypesis is true; the null hypothesis is usually rejected

if the p-value is lower than 0.05 (less than 5% chance the null hypothesis is true).

Residuak: in mathematical terms, the regression model for elevator consumption can be
generalised into the followg form:

(I) 1 -

Where & denotes the actual reported consumptiondenotes the regression predicted
consumption and the remaining unexplained variation (residual) is defbtRdsidual
analysis plays an important role in determining the validity ofrdggession model. K is
found to have a significant relationship with any variable(s), then the model prédisted
incomplete as a good regression model should only present random roise in
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Introduction

In recent years,awareness of commercial building energy efficiency has increased
substantially worldwide. In order to further increase awareness and reduce energy
consumption and carbon emissions, a number of building energy efficiency rating tools have
been developed tcompare and rate office building environmental performance. Rating tools
such as NABERSEnergy Starl EED, BREEAM and Green Star have adopted significantly
different methodologies to benchmark office building energy efficiency with varying degrees
of suc@ss and industry uptake.

In a bid to encourage efficient office building operations, the South Africa Green Building
Council is developing a new performance based rating tool for whole building energy and
water consumption in commercial (office) buildind@#is studyhascollected substantial real
world data on office building energy consumption anddusas an empirical basis for the
development of a performance based rating tddie study is being conducted in
collaboration with Aurecon South Afrioaho provided much of the raw data analysed and
presented throughout this report.

The intent of this document is to:
1 Present all data collected as part of the study.

1 Present the logical steps, assumptions made and methodology uskedivio the
benchmarkmodel.

1 Present the coefficients and mechanics of the benchmark model.

Performance Based Benchmark

It is important to review how a performance based benchmark operates. There are essentially
two types of diciency rating tools availablaelesign based amaerformance based. In design
based tools, facilities are rewarded for features or designs that are thought to be efficient. On
the other hand, performance based tools focus on compaéetigs such aseasured energy
consumptiorand productive output; ¢dities are deemed more efficient if they consume less
energywaterfor a given level of productive outputhe benchmark presented in this repsrt

a purely performance based tool that benchmanergy and water consumpti@gainst
populationmedianperformancelevelsto assess the u i | delativge@ndronmental impact

when compared to its peers.

For illustrative purposes, consider affice buildingthat has reduced ienergy consumption

Under a performance based benchmark, ibdhe productiveoutput of the building remains

the same but the energy consumption decreases, the building is said to have increased its
energy efficiency. On the other hanflthe reduction in energy uss matched by an equal

level of reduction in productive output.geless occupied argathen the building has not
improved its energy efficiencfthe energyreduction is merely a flowan effect from having

to servicefewer occupants By identifying the underlying relationship betweessource

input and productive optt, the benchmark toatan directly asses®ffice buildings of

different productive output leve(g.g. size, operating hours gic

While performance based benchmarks may be used to encoeffagent practices, the
benchmarks themselve® not takedesign/implemented solutiordirectly into consideratign
only the impaa of thesesolutionsare considered. In this mannea, performance based
benchmarkencourages innovation in the achievemenemérgy and wateefficiency rather
than the prescriptivapproach adopted by destgasedassessment systertigat may hinder
innovation and in some casesy evemproduce perverse outcomes.

8
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Building Energy Split

As identified in the early stages of the projebe base buildinglandlord)tenant metering

split that is present in Australia (and New Zealand and Hong Kong) is largely absent from
most major economies (including the US, UK and mainland Eurdpe).data collected to

date confirmthat office buildings in South Africa also lack such meteringsjaind this will

limit the type of benchmarks available. Where NABERSAustraliawas able to develop
separate benchmarks for base building, tenant and whole building, the extent of the energy
data available for South Africa limits tle@ergybenchmark mdel to whole building only.

Alternative fuel sources

While the data collected to date include substantial information on building characteristics
and whole building energy and watese, no information has been collected on alternative
fuel sources suchsanatural gas and diesghce their use iSouth Africanoffice buildings is
limited. In light of such gaps in informationggeral important caveats must be observed
when interpretinghe data collected

1 The ability to correlate energy use to climateadatlimited alectricity is used solely
to provide both space cooling and space heattrghould be expected thedrrelations
to energy use will not be significant for the range of climate zones as cooler zones will
see higher heating energy whilerweer zones will see higher cooling energy.

1 The outcomes of the benchmark and the relative position of buildings may be erroneous,
especially for buildings where natural gasfuel consumption is significantHowever,
such buildings are understood to beerim SA.

Statistical methods

Linear regression

Linear regressionwas used extensivelyhroughout the projedio quantify (and sometimes
justify) the inclusion of various consumption drivers in the benchmark métkgression
modelling uses mathematical lEdion(s) to estimate the underlying relationship between a
dependent variable (in our case tifice building energy consumption) and one or more
explanatory variables (for this project the consumption driversffare building9. The aim

of multiple linear regression in the contexttbe GBCSA benchmarking to establish a
statistically significant linear relationship betweeffice building energy consumption and
the potential consumption drivers. The relationship obseriieea form, i.e.

Predicted Consumption = Sq + Sy Factorl + S;Factor? + fgFactor3 + -

Where Factorl, Factor 2, Factor3é are consu
and are scalar constants that reflect the impact of each driver respectively.

~

The values of the constants are determined through a methodtcalleel Al ea st s qgL
where the constants b (impact) for each va
errors. Multiple linear regression provides a useful tool to examine the applicability and
validity of various consumption drivers and mudhtlte preliminary analysis was based on

this methodology.
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1.4.2 T-tests

In addition to regression modelling, Statisticaésts have been used throughoutetst for
significance of observed differences between data 8&tse specifically,the ttest (or
student's test) is a statistical test used to compare the means of two samples and check
whether they are significantly different. Usually, the null hypothesis assumes that the two
samples have equal means; tHest then estimates the tstéical probability that the null
hypothesis is true. The null hypothesis is usually rejected (means are significantly different)
when this probability is less than 0.05 (5% chance). fihsttassumes:

1 A normal distribution for both samples being tested

1 Equal variance between the two samples (which can be confirm it~

Where the sampl e var i a#estean beacareed aun(whichiigdnlya t h e
slightly modified-tester si on of the studentods

The two main types oftests are
1 Unpaired ttesti the samples are independent of each other

1 Paired ttesti for instances where the two samples are strictly related to each other in
some direct way, e.g. before and after measurements.

This study deals exclusively with independent dats so the unpaireetdst has been used
throughout.

There are both onmiled and twetailed ttests. In a twadailed test, the null hypothesis is
rejected when the mean of one sampleiiber sufficiently larger or smaller than the other
sample meanin a onetailed test, the alternative hypothesis (rejection criterion for the null
hypothesis) is preselected and limited to one of the rejection criteria (larger or smaller).
Usually a two tailed test is used as it is a stricter test for diffeeowers bothscenarios).

2 Sample Cata

2.1 Data CollectionProcess

Data for the benchmark toolwas gathered via voluntary questionnaimistributed to
building/portfolio managers in both the public and private setip®urecon South Africa

The intent of the survey was to collect a representative sampowuth Africanoffice
buildingsupon which to base the analysis. Ciritical to this was the achievement of a suitable
coverage and diversity of the distinguishing parametersffare buildings In particular, it

was critical toachievea suitable distribution across:

1 Building size

1 Building quality

1 Geographic location
1

Building efficiency (measured by Energy Use Intensity kWhyear or Water Use
IntensitykL/m?/year)

The survey forms requesl a broad range of information relating tdfice building
characteristics to help determine the empirical relationships between potential consumption
drivers ancenergy/water consumption

10
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Data Subsets
The data collected fall into one of two subsetslam the level of information provided.

1 Basici this subset includes buildings that were only able to provide information on
postcode, building size (gross lettable area) and consumption data (kWh)axéhile
the basic subset is of limited use in benalking, it is useful in determining data
coverage (particularly with respect to demographits sample representativeness

1 Detailed 7 this subset includes buildings that provided a response tofulhe
questionnaire template including detailed information on many phiseshtional
attributes, energy coverage and data qualitye detailed subset can be used to infer
population characteristics and is the basis of the technical benchmark development.

Analysis of thecombinal sampleis critical in assessing whether trmllected samples
representative of the office buildimgppulationin South Africa.The sizes of the basic and
detailed subsets also vary depending on the benchmark (energy or water).

Data Summary

Filtering and QA of SampleData

In total, energy and water data for 88uildings was collecteddowever, n order to obtaira

fair and representative benchmark model, it is essemial the characteristics and
consumptiondata underlying an analysis $ accurateand comparable to other buildisg
within the market For this reasonsites with considerable gaps in consumption data or
obviouslyspurious energy/water intensities were filtered ouheffinal sample data sehore
specifically,a site wagxcludedif:

1  Annual consumption included more than 3 months of estimated data; or

f  whole building Energy Use Intensity (EUI) was less than 80 k\iflg&rar or greater
than 900 kWh/rflyear; or

¥ whole building Water Use Intensity (WUI) was less thanklLm?/year or greater than
5 kL/m?/year; or

1 the site did not specify the metering period for the consumption data reported.

Tablel below present the number of sites included excludedh the study following the
initial QA.

Basic Detailed Combined No. of sites excluded
Energy 155 87 242 102
Water 172 84 256 88

Table 1: Number of usefuldata responsedy subsets

Energy Data Coverage

Theenergysample data set was assessed for coverageéhm/erll range of

i Geographic location (region and major urban centres)
i Building size
i Energy Use Intensity

11
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Ideally, buildingquality should also be separately assessed to ensure that the sample is not
biased towards particular building quality grade; however, shere is no formal measure of
building quality in South Africathe assumption has been made thalding size corelates
strongly with building quality (and this is certainly the case in Australia).

Geographic Location
Distribution of thebuilding responses by geographic region is shownhahle2 below.

No. of

Region GLA() Buildings kWhiyear
Johannesburg 1,233,695 96 | 300,829,736
Pretoria 627,582 56| 140,948,632
Rest of Gauteng 448,815 14| 136,483,566
Western Cape (incCape 42

Town) 442,513 104,616,327
KwaZulWatal (in¢. Durban) 265,187 25| 55,365,778
Other 63,808 9 12,996,031
Total 3,081,600 242 | 751,240,069

Table 2: Distribution of sample data (energy) by geographic region

Thegeographidistribution ofbuildingsis presentedraphicallyin Figurel.

120

100

80 |

60

40

I _

0 | -

No. of Buildings

Johaﬁnesburg Pretoria Rest of Western Cape KwaZulu Other
Gauteng (incl. Cape Natal (incl.
Town) Durban)

Figure 1: Geographic distribution of sample data (energy)

Achieving a suitable distribution across geographictlona is important as location is often
corelated to socioeconomic/demographic/climatic characteristics which are not easily
measured.For example,major urban centres experience different climades to their
geographical locationsThe concentration ofespondentdo the major urban centres (e.g.
Johannesburg and Pretoria)expected as this reflectsetimatureof the commercial building
stock in South Africa. The important point to draw frédfigure 1 is that all major urban
centres (including Cape Town and Durbappeamwell represented in the sample data set.
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As Table 2 indicates the energysampledatacovers over 3 million square metres of office
building gross lettable area in a total of 242 buildings. The total annual energy footprint of
these buildingsvasover 751 GWh per yeai.o verify coverage of theollectedsample data
presented inTable 2 can be compared to the market aggregate information from the
Investmet Property Database (IPD) which covers more than 60% of the SA property market
by asset valu@otal of 683 buildings)
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Figure 2: Comparison of IPD market data and sample data coverage hyo. of buildings
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Figure 3: Comparison of IPD aggregate market data and sample data coverage by GLA

Figure2 andFigure 3 demonstrate that a suitable sample has been obtained for the purposes
of this study. The distributianof sample buildingsalmost exactly reflecthe aggregate
market data provided by IPDhere is therefore areng basis to believe that the full sample

is a comprehensive and representative sample of the overall office building population in SA.
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Building size is a key variable in the benchmarking methodology as it is one of the few
metrics that carbe measured andalidatedfor any given building Also, kuilding size is

likely to correlate strongly with other factors such as number of occupants. For these reasons,

it is important thabffice buildingsof all sizes are adequately represented to enthat the
benchmarks developed without bias for size.

The sample data has been categorised into 6 bins of building sizes, the descriptive statistics

for these size ranges are presenteiainle3 below.

GLACaeoy | piings | 7o | CHAD | OGN | kwear | TR MO
0-2,000 n 22 9% 26,694 1% 5,052,233 187 198
2,001-5,000 nf 64| 26% 224,593 7% | 46,846,231 208 206
5,001- 10,000 i 57| 24% 413,446 13%| 91,098,892 216 203
10,001- 20,000 N4 60| 25% 812,773 26%| 184,271,947 223 203
20,001- 30,0000 M 21 9% 495,591 16%| 124,415,775 251 203
>30,000 A 18 7% | 1,108,503 36%| 299,554,991 255 206
Total 242 | 100%| 3,081,600 100%| 751,240,069 223 205

Table 3: Distribution of sample data (energy) by building size category
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Figure 5: Sample building size distribution by % of total sample GLA (Energy)

Ideally, more dataon the smallesbffice buildings(0-2000 nf GLA) would improvesize
coveragelndeed, other performance based rating tools have icsfgrstruggled to obtain
market informationand drive market transformations this sector From a policy
perspective, the limited data on smaller office buildings may lead to perverse benchmark
outcomes for the smaller properties below the 208Ghmeshold. All other building sizes
appeamvell represented in the data set.

Energy Use Intensity(EUI)

Energy use intensit¢EUI) is a metric that many ratings tools and international studies use to
compare building energy efficiency. The EUI is defined as
0 & & 0QENQI6GE | 0 a Qs ¢
0 6 Qo '@ NO®&
The definition of the terms above vary by application and source but in the context of this

report, annual energy consumption is the whole buil@ingual electricity consumption in
kWh while the building area is the gross lettable area of the whole building in m

O Y ®@MIFa

As the EUI is a commonly quoted figure, there is a good deal of existing data on EUI
distributions of commercial building stocks glolyalln one of the recentesearchstudies
conducted byhe University of Cambridge (Choudhary 201the EUI distribution for a large
sample(436 building$ of UK London public sectoroffice buildings was published. This
provides us with an opportunity tenfy the sampld=UI distribution
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Figure 6: EUI distribution of London public sector office building sample
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Figure 7: EUI distribution of South Africa office building sample

Based on the similday in EUI distributionsfound in Figure6 (London UK) andFigure 7
(South Africa) an important inference may be madlee currentworking data set appears
sufficiently largeassampling biass not evident(the results do not warraatarger sampleéo

be collectell Figure7 also suggests that there is qdate representation for the full range of
EUI; the ratingool will therefore be abléo definea desirabledistribution for the spectrum of
expectedating outcomes.

It is also noted that the EUI data gathered for this project are broadly compatiblnevith

requirements of the Common Carbon Metric, and the rating as developed in this document is
a suitable point for contribution to the development of this international initiative.

Water Data Coverage
The coverage of the water sample data set was assessedhthe same way as the energy
sampe data set.
Geographic Location
Distribution of the building responses by geographic region is showahle4 below.

% (GLA) ol  No. of Annual | % KL of
Locaton GLA (m2) total Building kL total
Johannesburg 1,232,312 46% 105 1,096,015 41%
Pretoria 481,941 18% 50| 548,717 21%
Rest of Gauteng 125,029 5% 10| 167,105 6%
Western Cape (incl. Cape Tow| 488,108 18% 51| 497,713 19%
KwaZulu Natal (incl. Durban) 232,540 9% 27| 291,665 11%
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Other 131,741 5% 15 57,198 2%
Total 2,691,671 100% 2581 2,658,414 100%

Table 4: Distribution of sample data (energy) by geographic region

As Table4 indicates thewatersampledatacoversapproximately 2. million square metres of
office building gross lettable area in a total2%8 buildings. The total annualater usage
footprint of hese buildingsvasapproximately 2.7 million kilolitres (or i of waterper year

The geographic distribution of buildingspeesentedjraphically inFigure8.
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Figure 8: Geographic distribution of sample data Water)

As is the case for the energy sample dataregpondentare concentrateth the major urban
centres(Johannesburg, Pretoria, Cape Town and DurbBmiks is acceptable ahe majority
of the office building stock in South Afrigalocated within these urban centres.

Building Size

As per the examinationof energy sample datahd water sample data has beeategorised
into 6 bins of building sizes, the descriptive statistics fosehgize ranges are presented in
Table5 below:

No. of % of total % of total sample

GLA Category buildings number GLA () GLA

0-2,000 nf 35 14% 39,823 1%
2,001:5,000m* 68 26% 242,094 9%
5,001- 10,000m? 62 24% 447,725 17%
10,001- 20,000m? 61 24% 810,757 30%
20,001- 30,0000m? 19 7% 452,288 17%
>30,000m? 13 5% 698,985 26%
Total 258 100% 2,691,671 100%

Table 5: Distribution of sample data (energy) by building size category
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Figure 9: Sample building size distribution by number of buildings Water)
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Figure 10: Sample building size distribution by % of total sample GLA W ater)

Similar to the energy sample data segre data orthe smallesbffice buildings (62000 nf
GLA) would improve size coveragall other size categories appear well represented.

Water Use Intensity
Wateruse intensitfWUI) is defined as
0 & & oEdo Q¥ £ i 6 & NQdQE ¢
0 6 Qo '@ NO&
The definition of the terms above vary by application and source but in the context of this
report, annualvaterconsumption is the whole building annwadterconsumption irkL while

the building area is the gross lettable area of the whole building ifitva sample distribution
of WUI is presented ifrigure11 below:

o Y'OQUa

18



GBCSA Energy and Water Benchmark Methodology
Final Report

60 -

Frequency

[ToRNToRNTo N R Te BN To N To BENI oV NN To BENTo BENTo BN ¢ BN To) ToJNToRNTo) o)
[ I T [ L ™oy e o o < P o
o (=) — — ol o o o < < =

0 W =
m I~

Water Use Intensity (kl/m?)

Figure 11: WUI distribution of South Africa office building sample

Figure 11 suggests that there is adequate representation for the full ravg®lpthis will
enable thelefinition ofa desired distribution for the spectrum of rating outcomes

Energy Demographic Analysis

A large number of factors could potentially driveilding energy use and energy efficiency.

For the most part, these factors relate to characteristic or operational aspects of a building that
may be empirically corrected for in a benchmark rating tool, e.g. building size, operating
hours, climate etc. Heever, building energy efficiency may also be influenced by a number

of demographic factors underlying the sample data set which cannot be accounted for (or
would be urfair to make a correction for). For example, a building constructed in 1970 may
be lessefficient thana new building constructed in 201Qurely by virtue of available
technologiesnevertheless, building performance cannot be adjusted to account for age as this
would remove incentivafor older buildings to improvefficiencythrough refurishmens.

While the full sample data set is limited to informationtanlding location, size andlimate
zone the detailed subset providesdditionaldemographic information. It isnportantthat
analysis is carried outprior to benchmarkingto identify underlying trends between
demographic factorand building energefficiency as these may distort/mislead regression
outcomes(e.g variation in EUI by building location could be misinterpreted as climate
effect) Where a significant relationghis identified, the affected datamay needto be
excluded from subsequebenchmarking The list of demographic factors to be examined
includes

1 Building location
Building size
Year of construction or major refurbishment

% Active cooling

= =4 4 =

Energy intensiveservices (e.g. data centres)
The subsequent sections vahalysesachof thesedemographic variabgandividually.
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Building L ocation

The geographic location of the building is directly linked to many intangible social, economic
and demographic factors.i$ therefore important to examine whether location correlates with
EUI in case one or mo thesefactors influences building energy efficiency.

The following table presents the mean and median EUI for buildings by their location.

Mean EUI Median EUI

Region GLA AnnualkWh kWh/m? kWh/m?

Johannesburg 1,233,695 300,829,736 213 183
Pretoria 627,582 140,948,632 225 208
Rest of Gauteng 448,815 136,483,566 251 244
Western Cape (incl. Cape Tow 442,513 104,616,327 209 200
KwaZulu Natal (incl. Durban) 265,187 55,365,778 239 208
Other 63,808 12,996,031 182 144
Total 3,081,600 751,240,069 219 205

Table 6: Comparison of mean and median EUI by building location

A box and whisker plots ideal for presenting differences betwemibsets and has been
prepared inFigure 12 to presentdata distributios by regioral classification Within each
regional categorythe boxes represent tepread oflata between th25th to 75th percentiles

of building EUI while the ends of the whiskers extend to the maximum and minimum
intensitiesobservedwithin thatregion The two halves of the boxes meet at the meHidh
observed.
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Figure 12: Box whisker plot comparing distribution of EUI by geographic location
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Based on data presentedTiable 6, the mearand mediarEUI valuesappear to vary slightly
by location particularly in the province of Gauteng where the distribution of EUI differs
noticeably by location (Johannesburg, Pretoria and Rest of Gauteng).

It is difficult to conclude, based ofable6 andFigure12 alone, whether the EUI is strongly
affected by location as there is a considerable level of data noise/\vgrigbitwo tailed t

test was therefore conducted for each regional subset against the full sample data set to
guantitatively assess if the variation in mean EUI for any region is statistically significant.
Table7 summarises the outcomes.

Mean EUI Probability that subset mean equals

kWh/m? population mean (pvalue)
Johannesburg 213 0.67
Pretoria 225 0.70
Rest of Gauteng 251 0.25
Western Cape (incl. Cape Town] 209 0.55
KwaZulu Natal (incl. Durban) 239 0.35
Other 182 0.29

Table 7: Mean EUI by region and t-test for difference of mean from full sample

The results presented ifable 7 suggestthat the mean EUI of the regional subsets do not
differ significantly from thatof the underlying population (full sample data set). Usually, a
difference is significant only when the probabilihat subset meapopulation mean itess
than the confidence levesay 01 (90% confidence or greater). We can therefore conclude
that empirially, building location does not appearitopactbuilding energy efficiencythe
relationship ighusunlikely to distort regressiooutcomes

Building Size

The system complexity and level of services provided usually increase with building size, as
is the case with the Australian office building stock where larger office buildings are usually
Apremi umd grade to attract hi gher rent al
services may theoretically result in higher EUI, Exergy have found no ealpawidence in

its prior office building benchmarking exercise€xergy have noidentified a statistically
significant link between building size/quality and EdH such office building studiekigure

13 below illustrates that the same can be said for the South African office building stock
wherethe distribution of EUI by building size is extremely noisy anddbeelation between
building size and EUihsignificant.

21



3.3

GBCSA Energy and Water Benchmark Methodology
Final Report

800

700

600 *

500 e

R2=00288
400

300 -

Building EUI (KWh/m?2)

200

100

T T
0 20000 40000 60000 80,000 100,000 120,000 140,000 160,000 180,000 200,000
GLA(M2)

Figure 13: Building size (GLA) vs. EUI

Based on theveakness of theorrelation between building size and EUI, it is safe to conclude
that building size is not a significant contributory factor in building energy efficiency
Moreover, the lack of correlation between EUI and building GLA provides assurance that the
relationship between GLA and kWh is linear.

Year of Construction or Major Refurbishment

Recently constructed or refurbished buildinaften promise improved energgfficiency but

as previously stated, a performance benchmark tool candaghould notorrect for this (i.e.
allow older buildings to perform poorer) as it would remewergy efficiencyincentivesin
older buildings Figure 14 below plots the year of construction or last major refurbishment
against building EUI.
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Figure 14: Year of construction or major refurb vs. EUI
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Although newer buildhgs may provideimproved energy efficiengyFigure 14 shows a
negligible empiricalrelationshipbetweenyear of constructiainefurbishmentand building
EUl (note the low R value) The apparentpositive slope of the trend linds of no
significance, being driven by essentially only three data point§.he year of
constructiofrefurbishment therefordhas anyno significant impact on building energy
efficiency.

% Active Cooling

Building HVAC services varyfrom natural ventilation only to mechanical air conditioning
only and anywhere in between. As part of the questionnaire, respondents were asked to
specify the % of total building area covered by the buildisg aair tonditiening system.

This information ishelpful in identifying atypical buildingswithin the datge.qg. little or no

active cooling)and whether these are likelp cause any discrepancies in subsequent
benchmark analysis
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Figure 15: Impact of % active cooling on building EUI

Figurel5indicates that the % coverage of active air conditioning makes little or no difference
in building energyefficiency. This outcome was unexpected but there are two possible
explanations:

i Respondents mayakie misinterpreted the questionna@ed responded with the % of
active A/C provided by the base building (building owner) aedlected to include
coverageof tenant installed active A/C units.

i Tenant installed equipment and services magdgatingany reduction in EUI achieved
through natural ventilation and/or passive cooling.

It should also be noted that there are very few buildings with less tham&d# cooling so
the impact of these buildings on the benchmark model will be minimal.

In conclusion, it is not necessary to exclude buildings based on their active A/C coverage.
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Energy I ntensiveServices

The questionnaire also askeédildings toindicate whether there are any energy intensive
services operating within the building that is not typically found in office buildifas,
example data centresd call centreSNhere these end uses are present and significant, it is
expected to impact on buildgrEUI. Figure16 below shows building EUI against existence of
nonoffice energy intensive services
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Figure 16: Impact of energy intensiveservices on building EUI

While the inclusion of energy intensive services such as data centres will contribute to a
buil dingbs EUI, tinhFeguresl Bhquggests ¢hatlthere are rb aliscereible
differences in EUI between buildings with and without these services. There are a couple of
potential explanations:

1 The scale of consumption by these energy intensive end uses is lower than expected
and are not compable to whole building energy consumption, i.e. in most cases, they
only account for a small fraction of the whole building consumption.

1 The building owners/operators are misinterpreting the questionnaire and including
small end usesnder thisclassification

Despite the lack of empirical relationshipis nevertheless important facilitate exclusion of
high intensity nonoffice energy consumptionn a formal rating toolfor fairness of
comparisonsHowever, given that the rating will likely be based on GiAich include non
office end uses such as retalbrity in thedefinition ofapplicableexclusionds paramount.
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Analysis with Full Data Set vs. Detailed Subset

While the combined data set catgig of both basic and detailed data is useful in assessing
sample quality and determining primary correlations (i.e. average EUI), the basic data subset
(size, location and consumption only) lack the details required for robust residual analysis.
The detiled data subset on the other hand is based on survey responses and provides a list of
applicable factors for further consideration (sBection 4.2); the detaild analysis for
significant consumption drivers is therefore limited to these survey respdPrsas to
analysing the detailed subsitshould first be assessed for bias and representativéintees;
subset is found to be unbiased and representatitreedtill sampletheninferences based on
residual analysis athis smallerset of datas directly applicable to the broader sample and
perhapghe populationlf however the detailed subset data is a biased sample of the full data
set, then care must baken in interpreting analysis outcomes as they may be influenced by
the underlying sampling bias.

The subsequent sections will conduct both qualitative and quantitative analyses to ascertain
anystatisticaldifferences between the full sample data setthedietailed data subset.
Geographic location

The distribution of buildings by geographic location is presented for both the full data set and
the detailed subset Figure17 andFigure18 below.
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Figure 17: Full vs. detailed sample data comparison of geographic distribution by number of buildings(%o)
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Figure 18: Full vs. detailed sample datd comparison of geographic distribution by % of sample GLA

The plots above indicate that there is no significant difference in proportional coverage of the
sample data by geographicdion (either by number or GLA covered). Minor differences in
data distribution are attributable to variability in sampling. With regards to geographic
coverage, it is safe to conclude that the detailed subset is representative of the full data set.

3.6.2 Building size

The distribution of buildings by size category is presented for both the full data set and the
detailed subset iRigure19 andFigure20 below.
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Figure 19: Full vs. detailed sample data comparison of building size by number of buildings (%)
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Figure 20: Full vs. detailed sample datai comparison of building size by % of sample GLA

Based on the plots above, the detailed subset of sample data is slightly biased towards the
larger building sizes. Inferences made based on the detailed subset only will therefore be more
apdicable to larger building sizes; this is not expected to invalidate any subsequent analysis
on the detailed subset as building size does not appear to correlate w{geEfkigure23).

3.6.3 EUI

It is essential that the distribution of EUI and WUI for the detailed sample does not differ
significantly from the full data set; if the difference is statistically significant, inferences made
based on the subset data will h#bject to sampling bias and therefore invalidated. For
example, if the average EUI for the detailed subset is lower than the average EUI of the full
data set, then the buildings from the detailed subset are deemed to be more efficient than the
popul avvieomgéo buil ding, Any subsequent ana
larger sample, and ultimately the larger population.
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Figure 21: Full data set vs. detailed subsét comparison of EUI distribution
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Qualitatively, Figure 21 does not suggest that there is a significant difference in EUI
distribution between the full data set and detailed subset. Quantitative analysis is necessary to
confirm this observation. A two tailed-tést can be used to assess whether there is a
significant difference between the mean EUI underlying the two data sets. The two-tailed t
test returns the probability that the null hypothesis is true i.e. the prapdbdt the two

sample means are equal. The output of thetdwed ttest is presented ifable8 below.

Full data set Detailed subset

kWh/m? kWh/m?
Mean 219 234
Variance 10400 11300
Observations 242 87
Hypothesized Mean Difference 0
t Stat -1.13
P(T<=t) twetail 0.259

Table 8: two tailed t-test output for mean EUI of full data set vsmean EUI of detailed subset

The high probability (~0.26) suggests that the null hypothesis cannot be rejected, i.e. the mean
EUls underlying the two data sets are not significantly different.

Based on the evidence of qualitative and quantitative comparisdhe 1 distributions,
there isreasonable confidence that the detailed subset is an unbiaegpresentative subset
of the full sample.

Conclusion

A number of demographic factors and their impactbuilding EUI were examined in the
precedingsections. The results of the empirical analysis show vhagtionsin sample
building EUI were not subjectto the influence of anglemographic factorsuch as building
location, building size, year of construction/refurbishment, % of active coolingagyand
inclusion of energy intensive end us@éis outcome provides reassuraribat subsequent
empirical modelling is unlikely to be affected bydemographic influences underlying the
sample data set

Based on the similarities identified between thé diata set and the detailed subset, there is
sufficient grounds to conclude that inferences made based on the detailed subset is reasonably
representative of the broader sample and population of office buildings in South Africa. While
there is a slight sapting bias towards larger buildings, subsequent residual analysis based on
the detailed subset should yield unbiased estimates for the underlying relationships between
key variables and EUI.

Energy Benchmarking M ethodology

The purpose of the benchmark nebds to compare energy consumption of buildings with
different characteristcs Usi ng a few input parameters th
and operational characteristics, the benchmark naige topredictthe expectedpopulation
averagegpnegy consumption for a building wittihe given characteristics.
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In constructingthe benchmark model, thkey objective is to explain the variability in
building energy data using a number of key consumption dridensable from building
characteristics da Potential consumption driversare selected from a list of variables
underlying thebasic and detailed sample data including size, climate, operating hours.

Correcting Energy Consumptionfor Building size

Building energy consumption increases with building size; this is a scale relationship that is
fundamental to all existing energy ratit@pls Specific to the South African data set, there

are two approaches to account for timpact of buitling size on eergy consumption, eithe

1: alinear correctiorfor kWh based on itsorrelation to GLA or 2size normalisation of kWh

by GLA, i.e. working with EUI (kWh/n?). Both methods offer means pfoviding a first
order estimate for anbuildingds energy cons

The correlation between whole building kWh and GkAresented ifrigure22 below.
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Figure 22: Building annual kwWh energy consumption distributed bybuilding size (GLA)

While the data irFigure 22 shows the expected strong correlation between building size and
energy consumption, there are several risks in estimating/predicting buildingvRiMBLA.

i Although strong, the linear relationshignd any linear regression analysis based on the
relationship)is heavily and disproportionately influenced by the latgeldings. This is
evidenced by a significant change in the trend line when the largest site is removed

(equationwould bewwy ¢ v&® ¢pz ¢ o 1T Xd¢npted by the orange line

i While the model explanatory power is expected to be excellent (indicated Hhigthie?
value), the noise (variation in kWh consumption above and below the fitted line) is
increasing with building size.e. note the slight fan shape in the data distribufldms
is characteristic of size correlated data where proportional errersfan observed.
The increasing variancen observations violates linear regression assumptions and will
consequently reduce model validdyring analysis
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The alternative approach to first ordestimates of building energy consumption is to
normaliseenergyconsumptiorby building size, i.e. work with EUI (kWh/f By evaluating

the EUI for each building, the energy consumption is normalised by size and this in turn
avoids the two sizeelatedissues previously listedn this instance, the expecté&d| for a
building is the sample average EUI in kWhjfrthe expected annual energy consumption is
determinable bynultiplying with GLA.

Figure 23 below demonstratethe insignificant correlation between building size arie
normalised energy consumptioBEUl. The average EUI of 219kWhfmhas also been
identified on the plot.
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Figure 23: Building EUI distributed by building size (GLA)
The figure above also shows that under the normalised energy approach, thélalgdjegs
in the datasetdo not exert excessive influence; where the largest site was previously

considered an outlier/influential point Figure 22; once normalised, its energy intensity is
clearly within a reasonable range

Based on the preceding arguments, the primary correction for scale data should be via the use
of EUI which isnormalised for building size. The first order estimate for the expected EUI of
a given building is therefore:

O &N QTN YM d NHUM T O WOD¢ p QAT

Furthermorethe first order estimate for the expected energgwmpton of a given building

is:

OwN QEERBGEIN Own QYD) 6 ¢ p WOD 6

This is equivalent to drawing a straight horizontal kseshowrin Figure23 at 219 kWh/r.
Buildings above this line have higher EUI thanrage whilethosebelow this line have lower

EUI than averagelhe difference between the observed/measured EUI for each building and

this average EUI is called the residu@the residualU relates to actual building energy
consumption in the following way:

O MO OO0 mRH QYR , OR Equation 1
O WOHDE L OGN Onn QEIYX™® "0b 6
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Residual analysiss conducted against a range of other potential consumption drivers to
identify any underlying trends in the building EW@learly, EUI does not correlate strongly
with building sze.

4.2 Residual Analysiswith Detailed Subset

The objective of the residual analysis is to explain as much of the variatiesidualEUI as
possible using a number of potential consumption drivers identified imeteled subset
data.Where asignificant relationship existshe relevant consumption driver(s) can be used to
further improvemodel predictions

Carrying on fromEquation 1 irSection 4.1residual EUIUis defined as

6 GO OO0 m 1 QO YIR

- 0 00 KOO0 0N QTN

The following sections willnvestigate a list of potential consumption drivers for correlation

with residual EUI in a proceshkdt seeks tamprovebenchmark modedxplanatory poweand
reduce the uncertamoise termlJ The list of potential consumption drivers include:

Climate

Occupancy hours

Computergdensity (computerper nf GLA)
Occupant density (occupants per BLA)
Lettable office space (% of GLA)

= =2 =2 A4 A4 -2

Vacancy rate (%)
1 Car park densityoar parks per AGLA)

Note that where possible, the variables have been normalised for building size, e.g. computer
density, occupant density, % lettable office space etc. Thkalled for in residual analysis as
residual EUI is already normalised for size

4.2.1 Climate

4.2.1.1 Empirical data
The impact of climate on building energy congfion warrants detailed analysis and
discussion. The potential impacts of climate on efficiency of building services is a point of
contention for many benchmark studies and although fundamental theorgugggst that
climate should affect building energy efficiency, there has been a general lack of empirical
evidence supporting this clainTo investigate the empirical impact of climate on energy
efficiency in South African dice buildings, metrics focooling load and heating load of
climate zonesj.e. Cooling Degree Days (CDD) and Heating Degree Days (HDi&re
comparedagainst buildingresidual EUI for correlation.Note that climate data (based on
postcode) was available for the full sample data eethss analysis is not limited to the
detailed subset.

Annual CDD is the integral of all the timabove a baseline temperature, over a year;
simplified it is:
000 YQaNQI OO®i"¥RAN QI Wdaiw@da dni QQ Equation 2
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For example, if the base temperature wa¥C1%and one day was a constant@5bthis would

be 10 Cooling Degree Days (10 degrees * 1 day). Similarly, one hourdagd€es would be
(40-15)*(1/24), or 1.04 CDD. The annualised CDD is therefore the integral of the temperature
deviations over a one year period. Base temperatures may be in either wet bulb or dry bulb
pending type of application.

The definition of annual HDD is much the same as CDD, except that it is the integral of all
the timebelowa baseline temperature, over a year; simplified it is:

‘O00 o6 0iIYRAN QI WOYRIGAN Qi (rdOaIPQ G W i QQ Equation 3
Locations with high annual CDD usually signify cookdgminated climates where additional
cooling load and decreased HVAC cooling efficiency could lead to higher EUI. Similarly,
locations with high annual HDD usually signify hiegtdominated climates where additional
heating loads could also lead to higher EUIL. These relationships often lead to empirical

correlations betweeBUI and CDD orHDD, which when quantified, would form the basis of
climate corrections.

Annual CDD(14¢C wet bulbbase temperatuyéas been plotted against building EUI data in
Figure 24 below. Note that climate data was not available for a few buildings located in
regional areas.

Figure 24: Correlation betweenannual CDD and residual EUI

Figure24 illustrates thathe sample buildingfall intoonly a fewclimate zones across South
Africa with annual CDD values ranging froB80to 1526 The average EUI for ehcclimate
zone haslsobeenidentified onthe plot for clarity based on the distributicand the flat trend
line above,there is no correlatiorbetween cooling demand (CDD) arilUl. Thereis
thereforeinadequate justification for a climate correctiondshen annual CDD.

Annual HDD has been plotted against building EUI dataFigure 25 below. Note that
climate data was not available for a few buildings located in regional areas.
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