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Abstract

Energy efficiency in buildings has been systematically coupled with the-gatieg of
buildings based on systems such as ther&targ of the Green Building Council of South
Africa (GBCSA). Netzero energy buildings (NZEBs) have also been receivicrgased
attentionasa way of addressingconcerns ovedepletingenergyresourceg especially
for fossil fuels), increasing energycostsand greenhousgas(GHG) emissions which
contribute to globalvarming anctlimate change.

With a focus orreductionin contribution to GHGemissios andthus enhancinglimate

change mitigation of &targreenrated buildingghe study applied a castudy approach

based on energy performance of the Department of Environmental Affairs (DE&)ngui

in Pretoria. Secondary data show that t he
112kWhim?/yr. Within the temperatiterior climatic zone for Pretoria (as per energy
efficiency regulations for buildings in South Africa), psyametric chart argsis showed

that the building could achieve a haghlevel of thermal comfort through further

optimization of passive design interventions.

Edgetool simulation results on full optimization of passive design and energy efficiency
interventions indicatehat anetzero energy buildingNZEB) performanceof the same
sized buildingcould achieve an energy performance level of 45kwityt, thus revealing
an energy performance gap of 67kWHm This translates to 60% savingsmpared to
the status quo-6tar performance of 376 291kWh/year. Assessment of r@awéa for solar

PV system indicatethatit is adequate for the energy balance towards a NZEB.

Assessment of simple payback period per interveiidicatedess tha oneyear payback
periodfor tenant lightingwvhile tenant equipmenndicatesa payback period of just over a
year andPV-installationat threeyears. The findings indicate that the interventioasts for
migration to NZEB fall within the acceptable rarfge South African investors (maximum
of 3 to 5 years)The abovdindingsindicak that the pursuit of NZEBs euld significantly
contributetowardsmitigation of GHG-emissions analimate change anthus calls for

further exploration opathway towards mandatory NZEBs for South Africa.

Key words: Edgetool for energy simulation, energy efficiency for buildings, energy
performance gap, ngero energy building (NZEB), payback period, psychrometnirt

analysis.
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Chapter 1: Background and contextualization of the study
1.1Global overview

The built environmentis currently the world's single largest contributor to
greenhousegas (GHG) emissionsand accountsfor over 40% of primary
energy use and 24% of GHG emissions(IEA, 2019). In the United Statg
buildings generally account for almost two-thirds of national electricity
consumptionand more than onethird of total primary energy use (Kriner,
2006). The built environmentonsumesrounda third of our waterand generates
40% ofour waste.Such @ergyuseandrelatedCO, emissionentailsboth direct
(on-site use of fossil fuelg as well as indirect usein relation to electricity
generationand embodiedenergyin the processing otonstructionmaterialsand

on-site construction operations.

Energyefficiency is one of the key tools to tackle two of the biggest challenges of
climate change and energy security. In order to mitigate catastrophic climate
change, it is generally acknowledged that by 2050, the world needs to redaice CO
emissions by 50% &m the current levels with a targeted reduction of at least 40%
below the 1990 levels by the year 20Sbnilar commitmens have been madéy
countries such as South Africa and Chioaardsthe reduction ofCO, emissions

by 50% from the current leve{®util and Rousse, 2012)

Although the green building concept has not been translated into a commonly
applied standardn practice,its usehas been orthe rise in the United States,
Australiaand Europe in the past two to three decades (DEAT, 2008laddition

to energy performancen green buildingsa new dimension known as fero
energy buildinggNZEBs) has also come into play asdchbuildings aredeemed

to perform better thagreenrated buildingswith respect toenergy consumption
andCO; emissionsreductiondue to their tremendous potential in transforming the

way buildings us@and generate their ovanergy(Shehadi2020).
Importance of NZEBs

A zeroenergybuilding, dso known as a zero net energy (ZNE) building, net zero

energybuilding (NZEB), or net zero building implies a building with a zero net



energy consumptiosuch thathe total amount of energy utilised by the building on
an annual basis equal to the amount of renewable energy createsliterAs a
result, suchbuildings do not inrease the amount of greenhouse gas emissions
(GHSs)in the atmospheréAs shown in Figure 1hte wor d 0 nesthe6 e mp h a
energy exchange amongst buildings and energy infrastrusuuch thatthe

building-grid interactionallows ZEBs to become active paatof the renewable

energy infrastructur@ his means that NZEBs generate energy to power themselves

and some of this energy may be exported as well.

ZNE thushas an unprecedented potential to change the way buildings utilize energy
which could be driven byltra-efficiency goalto be defined byuilding owners
define and pursued bydesign teams can reach addsirable byoccupars.
However, an increasing number of buildireye achieving this standard thereby
gradually raising confidence that a ZNE is realistic and achievable taking into
account modern building technologies as well as design approéBaesrjee,
2015)
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Developmentsin greenrated buildings in the South African context

Green star is aoluntary building performance rating tool administered tiye
GreenBuilding Council of South Africa(GBCSA) b assesshe performance of a
building and its impact on the environment baseaioe preset components and
criteria relating toits design, construction, anénvisagedoperation The
componentsinclude managementndoor environment quality (IEQ), energy,
emissions, transport, materials, water, land use and ecology, emissions and
innovation (GCSA, 2013)his allows for certification of buildings based on three
levels of achievement where thestar refers to Best Practicestar refers t&outh
African Excellenceand 6star refers toNorld Leadership leve(GBCSA, 2011).
Green star toolslso vary according tdouilding types where greestar office,

residential and education are some ofdkamples.

Eachcompaentis then structured into a range of performance credits which guide
performance assessment of dedigerventions(as designed) and the actual

building once completed (as built). As an extension, the rating of buildings as
operatée is undertaken through an alternative tool for existing buildings which

covers both greemated as well as unrated buildings.

Whereas there has been increasing awareness of green buildings practice in South
Africa, the implementation has remained rgkgy weak. Increasing awareness is
mainly associated with the ongoing crisis in electricity supghpwing awareness

of water scarcityespecially in view of ongoing climate change impaatsl the
increasein demand for green rated buildings, especialby both local
international organisationsoperatingin South Africa (Marco, 2017)

In contrast to green rated buildingNZEB refers to a high energy
performancebuilding of which primary energy consumptionis coveredto a

very significant extent by energy from renewablesourcesNZEBsare also
definedas technologically innovative buildings whereloy,an averageyear, the
building produces as much electrical plus thermal energy from renewable energy
sources as the building consumes (Rosen, 2012: 2886urther elaboration,

Torcellini et al. (2010 define net-zero energy buildings (NZEBSs) as residential



or commercial buildings with significantly reduced energy needs such that
efficiency-gains enablethe balanceof energyneedsto be offset with generation
from renewableenergy technologies Aeleneiet al. (2013)furtheridentifies three
main typesof NZEBswhich areas netzero site energy,net zero sourceenergy
and net zero energycost. Some of theadvantages or disadvantages of NZEBs are

illustratedin Figure 2.

« Client buildings Isolation for building owners from future energy price increases.
¢ Increased comfort due to more uniform interior temperatures.
* Reduced total cost of ownership due to improved energy efficiency.
« Extra costis minimized for new construction
Advantages_ of zero i compared to an afterthought retrofit.
energy buildings [N requirement for energy austerity

« Initial costs can be higher than conventional buildings

 Very few designers have the experience to build NZEBs.

» Challenge to recover higher initial costs on resale of building.

Disadvantages i@ + Without an optimized thermal envelope, the embodied energy, heating and cooling
Zero energy energy and resource usage is higher than needed.

buildings

Figure2: Advantages and disadvantages of NZEBs, Source: (Dhote & De, 2021:
40)

1.2 Rationale of the study

The energytopic hasbecomeincreasingly critical in architecture especially as
buildings are high consumerof energyand architects as well as th@ublic, are
consequently becoming moreterested in mitigating their energy use
(Scognamiglio et a2012).With regard torenewable energy for buildingstial

focus was directed towardsrsite thermalsolarcollectors(especiallyfor solar
waterheating especiallyin sunny countries such as Greece and Israel.
Subsequently, innovation ardiffusion of solar power generation based on PV
technologyhas driven the rapid decline in related upfront costinly due to
Chinads i niti atproteeelindusirialicedveoddkmarbiepfa RV t h e
technology(GBCSA, 2017).



In June 2018, Southfrica wasratedasthe 14" highestcarbonemitterin theworld
andthe highestin Africa, with emissiongotaling414.4 million tons (IEA, 2018).

IEA further estimatesSouth Af r i e@massighsat 1.2% of total global CO
emissions and over 34% of Af r i ¢ a 6C, emizdioas|(IEA, 2018).
Organisations (businessidotherentities)as well as individuals and households

in South African cities contribute to overa third (37%) of national energy
consumptionand nearly half (46%) of national electricity consumptionand

are thereforeresponsiblefor nearly half of the c o u n tGHGdnsssions from
electricity (Sustainable Energy Africa, 2019)his demonstrates the need for
emissions reduction for South Africa in general, but more so, through its reduction

in emissions related to production and operation of its buildings.

As part of exploring and mapping approaches for such reductangh Africa
recorded its first net zero energy building2@16with the launch of thaet zero
certification scheme, which rewards projects for completedytralizing(Net
Zero) or positively redressing (Net Positive) their environmental impacts under
four categories: carbon, water, waste and ecaldgy noted by the Green
Building Council South Afica (GBCSA, 2017) the certified netzero buildings

are

1 the Vodafone Site Solution Innovation Centre (SSIC) in Midrand,

Gauteng(which is ratedasnet zero carbonand ecology),

1 the Estuarie®lazain CenturyCity in CapeTown (which is rated as net

zerowater, but not energy

1 the GreenfieldsndustrialPark(for thebasebuilding)in CapeTown (which

is rated ametzerocarbon),

1 thetwo Dam (in operation)in Montaguin the WesternCape also rated

asnetzerocarbon

Green Building Council South AfricgBCSA, 2017 ¥urther notesertification of

otherbuildingslisted belowas net zero



1 78 Corlett drive that achievednetzero carbon(pilot) level 1 certification

in late November 2017
1 Ballito Hills Life Style Centrelocated in Dolphin Coast, Kwazulu Natal
1 Greenfield Industrial Pardocated in Cape TowhkVestern Cape
1 Lords View Industrial Parkocated in Johannesbu&puth Africaand
1 MDA Property Holdings Pty.td located in Johannesbu&puth Africa

Other buildings such ae District (in Cape Towh hasachievednet zero water,
Virgin Active, Constantigin Cape Towh as well asVleihuis Developmentin
Johannesbujgnd Wild Coast Su(n Cape Towhhave also been rated as net zero
(GBCSA, 2017)

On the other hand, in 2@, G B C S Agdeen building rating systemeachedits
milestone of 250" greenbuilding certificationin Africa, with 20 buildingsrated
as6-starand therefore deemed to beVdbrld Leadership levelAs discussed in
detail under literature reviewn Chapter 2 (see for exampkegure 7, al rated
buildings addresscertain aspectsof energy usereduction(towards mitigation

of GHG-emission as one of the rating components

1.3 Problemstatement

With a focus on the built environment, as@&r GBCSA greerrated building

though considered top tier in the rating scale might not necessay drergy
efficientin relation to GHGemissions reductiowhen compared with a net zero
energy building. This has necessitated the need to understand the gap between the
two highly rated buildindypesand to find a way to bridge theerformancegap as

this gap might be of negative impact towards achieving eredfgyency focused
onclimate change mitigatiowhere optimizing for GH&missions reduction is the
primary goal The study therefore prioritizes the assessment of the energy
performance gap betweers@ar and nerero energy buildings in South Africa in

order toassess possible measures towaldsng the gapThis was guided by the

overall research question and related-gubstion as highlighted in the next sub



section

1.3.1 Overall research question and suljuestions

The overall researafuestionof the studywasthereforeconceptualized as follows:

What is the energperformance gap betweers@r green ratedommercial
buildingsvis-avis their simulatedZEB performancandwhatwould bethe
desirablepathway towards the adoption and scalingp of NZEB practice

in South Africa?

In order to facilitate data collection armhalysis the research question was

structured into the following suuestions:

1. Given passive design and energy efficiency optimization interventions,
what is the energyperformancegap between6-starand NZEBs in South
Africa?

2. What is the energyperformance and costsavings associatedwith
enhancement frord-starto NZEB levels?

3. How couldthetechnicakenergyperformancemarketand costbarriersfrom
6-starto NZEBs enhancemeriie addressed?

4. Whatcould bethedesirablepathwayfrom voluntaryto mandatoryNZEBs

for South Africa?

1.4Working hypothesis

The study hypothesized that a fully optimized building in terms of passive design
strategies would achieve satisfactory thermal comfort at a lower energy
consumption level when assessed through NZEB than wtegnrated This is
attributed to the fact thatbuilding may achieve star rating but might not be energy
efficient This is because thating targets specific areas such as carbon, ecology,
water,and wasteFurthermorenet zero energy buildings offer a holistic solution
by isolating building owners from futuriacreases inenergy pricesincrease
thermal comfort due to more uniform interior temperatures and rdduce

requirement for energy austerity.



In contrast, this stly hypothesized that thedar rated buildings in South Africa

so far are not ambitious on generating energy on site. They are therefore not as
efficient compared to the NZEBs and they still rely on importing electricity from
the national/local grid (anthus fall short of the NZEBs performance), while also

discounting/forfeiting the potential of exporting surplus energy to the grid.

Net zero buildingon the other handre known to utilize less energy than 6 star
rated buildingsdue to their combined engy-performance improvements and

relianceon renewable sources to supgigir energybalance.

1.5 Limitations of the study

The study assessed the energy performance gap betwestar rated building and

a netzero energy building for South Africa in order to evalutite case for
buildings to drive towards the attainment of-neto energyerformancetandards.

The key limitation of the study is the fact that the simulation to attain a NZEB
standard is basedhdhe context of an existing building which is alreaebtd rated.

This implies that the building has already attained a certain level of energy
efficiency befordurtherinterventiorsto get to net zero energylowever, the study

is not intended to seevas a basis for the retrofit of the existing building to attain a
netzero level but rather to provide context and guidance for degigroachfor

new buildings towards attaining a fetro energy building performance.

The lack of literature on buildisy that have achieved rRetro energy
rating/performance in South Afriegas theother limitation of the studgnd n order

to fill this gap, studies on ngero energy buildings from other countries such as
USA, Germany and China were appraisadthe coummies have readily available

data to substantiate tiagtainmenbf net zero energy buildings

Another limitationrelates to uncertainties ovitre feedin-tariffs of the generated
energy as commitment by relevant municipal distributor (City of Tshwarssi)lis

at a developmental stage and not yet fully operational. Therefore, the concept of
netzero energy building is based on an assumption of an ideal casppurtive

policy and regulations which hopefully will be resolved in the near future and thus

provide a catalyst wwardsthe move from voluntary to mandatory implementation.



1.6 Definition of terms
The definitions of the key terms used in the study are as follows:

Climate Consultant - Free, easyo-use, graphibased computer program that
displays climate data in dozens of ways useful to architects, builders, contractors,
and homeownerdey parameters of the programciude temperature, humidity,

wind velocity, sky cover and solar radiation in botD 2nd 3D graphics for every

hour of the year in either metric or imperial units (US Department of Energy, 2012).

Edge Softwarei is a green building certification system that facilitates the
exploration of technicakolutions at the early design stage in orderto reduce
operationalexpensesand environmentaimpacts of a building in its operational

stage (International Finance Cooperation, 2020).

Energy performance gap- In the context of this study, this denotes the disparity
between energuse of a 6star rated building and a rReg¢ro energy building in their
operational stagevera period of one year.

Green star (GBCSA) i A building performance rating tool (administered by
GBCSA) that evaluates the performance of a building and its impact on the
environment based on pset components and criteria relating to the design,
construction, and operation of green buildingis.allows for certification of
buildings based on the following levels of achievemérstar(referred to as Best
Practic, 5-star(referred to as South African Excelleh@nd the6-star (referred

to as World LeadershifGBCSA, 2011).

Net- zero energy buildings (NZEBs) are definedas technologicyy innovatve
buildings wherebyin an averageyear, the building produces as much electrical
plus thermal energy from renewable energy sources as the building consumes,
Rosen (2012: 2286).

Net-zero site energy. A site levelZEB producesat leastas much energyas it

usesin a year, wheraccountedor at thesite level.

Net-zero source energy: A sourcereferencedZEB producesat leastas much



energyasit usesin ayear,whenaccountedor attheenergysource Sourceenergy
refersto the primary energy usedto generateand deliver the secondaryenergy
consumed by the building o calculateab u i | ddtahsguiceenergyimported
andexporteddirect energyconsumed/generatad multiplied by the appropriate

siteto-source conversion multipliers (Torcelligi al, 2010: 2.

Net-zero energy cost refers toth e amount of money the utility pays the building
owner for the energghe building exports to the grid. This cost is at least equal to
the amount the owner pays the utility for the energy services and energy used over
the year(Crawley, 2010: 9).

Net-zero energy emissions buildingimplies a buildingthat producesat least
as much emissiondgree renewableenergyas it usesfrom emissionsproducing

energy sources(Torcellini, et al., 2006).

SANS10406XA is the South African National Standardgiich stipulatesthe
minimum requirement$or energy efficiency and environmental sustainability in
building design This is based on the application of Regulations XA to the overall
building regulations under SANS10408ANS, 2021)

SANS 204refers tothe standard which setnergy performance for buildings in
South Africa and also applied as the bamioimum performanceequired for a
building to qualify for geenstarratingby GBCSA It contains performance levels
that are higher than SANS 1048@ andsets out the generatquirements for
achieving energy efficiency in all types of new buildings, both naturally and
artificially ventilated buildinggSANS, 2021)

1.7 Structure and outline of study

This research report comprises six chapterd Chapter 1 provides an overview
andrationale of the study, statement of the research problem and the main research
question as well as the sabestions. Té chapter also provides the working
hypothesis, limitations of the study and finally the definitodrkey terms used in

the study.This is followed by Gapter 2which reviews existing literatureelating

to NZEBs and 6-star rated buildings as prioritized under the research problem
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section of the study. Studies on #@alysis of the NZEBs concepts from a global
perspective are initially appraised followed by studiethe South African context.
Insights on bridging the energfficiency gap and an overview of tip@ssible
process bmigrating from 6star rated buildings to NZEBse then articulated@he
chapter then concludes witnpresentation othe conceptual framework of the
study.

Chapter 3 presents tlapproachmethod and tools used for data collection and
analysis towardaddressinghe research question ofetetudy. The chapter starts

with an overview on the overall research approach followed by a discussion on data
collectiontools andanaly®s towards the derivation of the sdibdings as per the

sub-questions as wedls overall findings in relation to the research question.

Chapter4 addressesubquestion 1 of the study with regard to identifying the
energyperformance gap betwetdre6-star rated DEMAuilding case study building

and a modelled NZEB of the same nature and in the same lodsts®md on
comparativeanaly®s of the base case (as is) and the simulated building (based on
EdgeTool software) towards a neero energy buildingThe analysigs closely
referenced tahe dimate of Pretoridbased orpsychrometric chamnalysisof the
respective climatic zon@nalyses of the various interventionsw@rdsa netzero

performancdor the casestudy buildingare presented

Chapter5 addresses Sufuestions 2, 3 and 4. Data aadalyss of the technical
and cost savings as well as technical, market and cost barriers on patNZ&B®
are presented. The appraisal and-sodings on how these barriers could be
addressed are then pressl. Insights towards a pathway from vdhry to
mandatory NZEBs were derivéd guide sulindings on the move from voluntary
to mandatory NZEBs for South Afric&hapter6 presents the consolidation of the
subfindings from Chapters 4 and 5 in orderderive the overall findings on the
overall research question and also draw conclusbitse study. This is followed
by recommendations for further research in this field especially in relation to the
limitations highlighted in Section 1.5 of thisport The last section of the report
presentshereferencdist followed byAppendices A to H
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Chapter 2: Literature Review

2.1 Introduction

Guided by the overall research question andcgudstions, tis chapter reviewa
purposefully selected sampleefistingstudiesregarding NZEBsand 6-star rated
buildings, especially with a focus on the enepgyformance gap between the two
types of buildings. The key insightfrom the review were then applied towards the
conceptualization of the theoretical framework that served to guide the rest of the

study.

The chapter is structured into nine key secti@ation2.2 presents appraisal of
studies orkey NZEBs conceptswhile Section 2.3resentanappraisal of studies
onrelatedglobalNZEBsperspectives Section 2.4resents appraisal of studies on
energy-performance gap betweerstar andNZEBS, followed by policypathways
regardingenergyperformancecertificationof buildings in Section 2.5 and NZEBs
performance in Section 2.Gection 2.7 appraisegusdies on the link between
NZEBs and cost reduction, followed tappraisal ofstudies on the processf
migrating from 6star rated building to NZEBs in Section 2.8. Section 2.9
appraises theenergy weighting for greestar ratingand lastly Section 2.10

preserd the conceptual framework of the study.

2.2 Analysingthe NZEBs and netzero energy communities

Rosen(2012)shows thabuildingsareresponsibldor asignificantportionof GHG
emissiongmainly due to electricity consumption where, at a global lehadf, of

th e electricity consurad can be attributed to buildings. Buildings are also
largely responsiblefor the peaksin electricity demand which are commonly
due to spaceheating, cooling, lighting and appliances. Thes8HG emissions
could be mitigated byedesigning and ensuring that buildings are energy efficien
as well asby making buildings energy generatdsased on renewable energy
resources The developmentof technologically advanced high-performance
NZEBs can thus contribute significantly towards sustainable development
goals of a city or countrin generalRosen(2012) definesa NZEB asonethat,in

an averageyear, produces as much electricity plus thermal energy from
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renewableenergysourcesasit consumesFurthermorepuilding on the work of
NZEBs, increasingresearchhasbeenreportedin recentyearson netzeroenergy

communities.

Theassertion byRosen(2012 2284 implies that countries or governments should
work together withprivate sectorin transforming existing buildings to be energy
efficient and ensuring that new buildings @@t only energy efficient but also
generating their own energyA smart netzero energy approach would
thereforebe requiral to ensurean integratedvhole-building systemsdesign
where heating ventilation and air conditioning (HVAC), lighting, storageand
renewableenergycomponentsarelinked andbuilding envelopesre responsively

designed.

Highly performing active and passive technologies have been developedr&ss

the needor improvel energy efficiency and sustainability of the built environment.
Moreover, shifting the scale of analysis from the single building to the settlement
level dlows further optimisation through sharing and communikyvel
management of energupply and demanfNematchoua et al. 202I)he single
building would therefore beonsidered as a part of a commu#éyel renavable

and sustainableesourcesystem(Pisdli et al. 2021:1).

Thepreceding argumetnly Piselli et al. (2021:1impliesthatcommunity residents
and building usermustreduceconsumption obff-site energy sourcessuch as
grid electricity and fuel deliveredthrough pipe or truckn favour of locally
generagd heatandpowerfor their buildings.In order toachievenetzeroenergy
consumption,a building must generally be equippedwith energy efficient
appliancesand alsoprovide for its own on-site power generation In particular,
the building must ensure optimizedsignthatreducesthe need for energy inputs

towards heating and lighting (Crawford, 2014).

A netzerosite-energybuilding producesat leastasmuch renewableenergyas
it usesin a year,whenaccountedor at site (building systemboundarylevel). A
NZEB producesas much energyon-site as it usesover the courseof a year. If
the building uses10,000kWh/yr,it would th e n producel0,00kWh/yr or more.
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Furthermore, a sourd¢ZEB producesandexports(or purchasesat leastasmuch
renewableenergyasit usesin a year,whenaccountedor at the source.Source
energyrefersto the primary energyusedto extract,processgenerateanddeliver

the energyconsumed athe site (Bailes, 2013; Torcellinet al. 2010)

Bailes (2013) and Torcellirat al. (2010)highlight the needfor raising awareness

of NZEBs amongt key actors in the sectancluding architects,code officials,
building developers, desigmuild professionals and materials/component
manufacturerso enable them to make provisions for overcoming the barriers, gaps

and challenges identified in the practices ofNZ&=B projects.

2.3 Global perspectives on NZEBs

Reducing energyuse and GHG-emissionsin the building sectorthroughenergy
conservatiorandefficiencyimprovementonstitutesa key strategyfor achieving
globalenvironmentaboals.Building energy performancsimulationis usedasa
tool to guide thedesigning operationand retrofitting of buildings for energy
efficiency and savings in utilitgosts.The growing practice of NZEBs demonstrate
a growing trendof gradual adoption byproperty developers and building
professionalsSome of the global goailscludethe mandatéor United StateqU.S)
Federal Government buildings (existing and new otk NZEBratedby 2030
(Crawford, 2014).

It is evident from the preceding argumehat energy efficiencyis achiewable
throughgreenbuilding interventions as well as higifficiency appliancesHVAC
and lighting systems.On-site renewableenergyresourcesuch asolar radiation
provide alternativeenergyfor the balance otnergy needs in the operation of
buildings. Over time, energy consumptionwill balanceout energy production
therebyresultingin a NZEB. Sometimesa building canachieveenergysurplus
thatcanbe exported backo the grid or to other neighbouring buildings, depending

on applicable policies and regulations of a citgauntry.

Rodericket al. (2009)yeport on the increasing global effort towards sustainability
in the constructionndustry where the reduction of ienergyconsumptionn both

the constructionandoperationof buildings constitute the key priority. This has led
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to the emergence and application of green building performance safnggnes
such as Leadershign Energy and Environmental Design (LEED, US and
Canada),Building ResearchEstablishmentEnvironmentalAssessmenMethod
(BREEAM, UK) and GreenStar (Australia and South Africal.he mostcritical
component for creditauunder the rating schemas the mitigation of energy
consumption This is also the essential factor in the overall effort to achieve
sustainable buildings amheof the strategiesowardsmitigationof GHG-emission
andthe resultantcontribution toclimate change.

2.4 Energy performance gap betweeis-star and NZEBs

Figure3 presentshekey N ZEB conceptsas arameworktowardsthe assessment
of the gap between tigestarratedbuildingsandNZEBs for SouthAfrica.
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Figure 3 System structure and basic elements of NZEB, So(aetori et
al, 2012:3)

As shown aboveht building system boundariynplies the domainwithin which

to compareenergyflows into and out of the system.This could be a physical
boundarywhich encompasses singlebuilding or a groupof buildings. It is also
appliedto determinewhetherthe renewableresourcesonsiderecare 6 osi bre 6
6 o 6 f t Te@edbalanceboundary determineswhich energy uses, for instance,
heating, cooling or ventilation is included in the balance.Srinivasan,Braham,
Campbelland Curcija (2011: 3370) concur that the boundaryof the systemis
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defined by the boundaries of the propexy which thebuilding is located.The
building structureis thereforean essentiatomponenbf thebuilding system.

Energygrids refer to the supply of energy carrierssuch as electricity, natural
gas, thermal networks for district heating/cooling, biomassand otherfuels. A
grid may be a two-way grid, delivering energybackto itself as well. Exported
energy implies the energy flowing from the building systemto the grids,
specified per each energycarrierin (kWh/y) or (KWh/m?/yr).

Given that N ZEBs produceas much energyornsite as they consumein a year,
several interventions/technologiese neededto reachthis goal. For instance,
high-efficiency HVAC systems are already available and are cost effective
(Goldstein, 2012)Innovativetechnologiessuchaselectrechromicglass(which
have been predicteb improve durability and performance while dropping in
cost) will continue gaining acceptance, thus ultimately becomingble
competitors to conventional glazing systems.ist expected that stringent
government regulations (possibly similar to the European Uniond s EU,
directivemandatingnearnet-zeroenergybuildingsin all new projectswill drive
down costsand encourageenergyefficiency innovationsin the US and globally
aswell. Suchmeasure wuld bring ina number of professionals and manufacturers
into the spacethereby creating a competitive market thatwd lead to cost
reductionthuserhancingaffordability (Goldstein, 2012)

In a bid to address energy crisis and mitigate greenhouse gas (GHG) esnission
the property sector, green building councils have been established in various
countries to assess and rate performance of buildings at desigoonstruction
stagesGreen building councils (GBCgpwexist in around0 countries across the
world andthe intention is to increase this number. The {tergn goal is to have a
GBCin every countryin orderto make green buildirgga reality for everyone,
everywhergWorld Green Building Council, 2020).Some of the councils also
assess and ratgperation stagefor buildings in terms otnergy efficiency and
renewable energperformancelevels which are expected to be more stringent

relative tothe mandatory level®r their respective country
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In South Africa, 4-starrating( under GBCSAIS termegdradimst st ar )
pr a c twhile ®star istermed a$i S o Aftickn ex c e | | e n-stawadoswarfd d 6
leadership. Besides improvingnvironmentaéfficienciesin buildings, such rating
systemsalso aim at boosting productivity of users,creating green jobs and

improving the health and wellbeing of respective communitie§The Green

Building Council of Australia, 2015). Beyond the environmental performance
rating, NZEB goes further to target neero in externally supplied energy for the
building per year of operatidienergy neutrabuilding). Such a building therefore
deliversas much energyto the supplygrid asthey consumerom the grid (IEA,

2021).

Mellon (2011) statesthat greenbuilding rating tools mainly assessbuilding
performanceflasd e s i gand éd alsu i lbtitonpt A asper afAsed O .
complementary tool,rgenstar-energyperformance for Australia addressbs gap
betweend d e sandp raldsu i certifiéationsversusperformanceduring operation
stage as well as providing a tool for assessinghe continued sustainability

performancef existingbuildings.

Given the rapid innovations and related adoption r&iZ&Bsareno longerbeing
considered as ideas/goals to be achieved in a remote future, but instead, they are
now viewed as realistic solutions for pursuing energy security and the mitigation of
the CQ emissionsin the building sector (IEA, 2008). This emergs from
increasingacceptance thaNZEBs lead to energy conservationwith the key
benefits of extensionof life of our limited natural resourceghroughreduction

in consumption rates, thumiitigating therisk of climate changeas well as
facilitating costsavings.Table 1 presents the key categories of ZEB and their

key features.
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Table 1: Summary of ZEBategories and key featur€$orcellini et al., 2006: 11)

Definition | Positive Features Key constraints Otherlssues
Site ZEB 1 Easy to implement. 1 Requires more PV export to
1 Verifiable through orsite offset natural gas
measurements 1 Does not consider all utility cost
1 Conservative approach to (can have a low load factor)
achieving ZEB Not able to equate fuel types
1 No externalities affect Does not account for nonenergy
performance, can track succeg differences between fuel types
over time. (supplyavailability, pollution)
1 Easy for the building
community to understand and
communicate
1 Encourage energgfficient
buildings designs
Source ZEB | { Able to equate energy value { 1 Does not account for neenergy | T Need to develop site
fuel types used at the site differences between fuel types | toisource conversion
1 Better model for impact on (supply availability, pollution) factors, which require
national energy system 1 Source calculations too broad (d significant amount of
1 Easier ZEB to reach not account for regional or daily| information to define
variations in electricity
generation heat rates)
1 Source energy use accounting
and fuel switching can have a
larger impact than efficiency
technologies
1 Doesnot consider all energy

costs (can have a low load factg
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Cost ZEB 1 Easy to implement and 1  May not reflect impacts to 1 Offsetting monthly

measure national grid for demand, as service afu
1  Market force result in a good extra PV generation can be infrastructure
balance between fuel types. more valuable for reducing charges require
1  Allows for demaneresponsive demand with ofsite storage going beyond ZEB
control than exporting to therigl 1 Net metering is
1  Verifiable from utility bills 1 Requires netetering established, often
agreement such that exported with capacity limits

electricity can offset energy an and at buyback rateg

nonenergy charges lower than retall
1 Highly volatile energy rates rates

make for difficult tracking over

time

Emissions 1 Better model for green power 1 Need appropriate

ZEB

Accounts for norenergy emission factors
differences between fuel type
(pollution, greenhouse gases
1 Easier ZEB to reach

The InternationaEnergyAgency (IEA) (2010)observed that an understanding of
the existing policies ornergy performanceertification has evolved to serve as a
reliableguide on policy concerns of NZE&ertification. This is based on the fact
that there has been tremendous technical and policy activity in recent years aimed
at improving building energperformanceboth on a voluntary and mandatory
basis Moreover, with a focus on getting to vdow-enegy buildings and targeting
netzeraenergy or emissions buildings, governments have established ambitious,
and sometimes highly aspirational, policies and targets for NZEBs to become
standard practice. One such goahit new buildings built after 202612030 and
beyond) would be zero energy (or nearly net zéiA. (2010) further reportshat

the pathwayto energyperformancecertification of buildingsinvolvesfour key

stagesvhich areplanning,implementationmonitoring and evaluation.
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POLICY PATHWAY

Energy Performance Certification
of Buildings

Figure 4 Policy framework and pathway for energgrformance certification of
buildings, Source: (IEA, 2010: 20).

It is evident fronFigure 4 that organs of state and owners of buildings must adhere
to the stipulated processes fmbmission of energy dermance certificates. This
iswe l | demonstr at enegrgypenfarnsancgnhbuiltirngedireEtived s
(EPBD), whichaims to improve energy performanceand reduceassociatedCO;,

emissiondor memberstates

The planning stageinvolves three stepsof defining the terms of referencefor
the framework,establishinghe policy frameworkandaction plans,and securing
necessaryresourceglEA, 2010).Someof the key discussions entaiétermining
the scope, mandatory versus voluntary, types lofildings, advice and green
elements to be covered. It also includes engaging key stakeholders, establishing
continuous collaboration between all involved authorities and setting realistic
timeframes as well as allocating sufficient resources, develomitignanaster

plans to ensure adherence during implementation stage (Laustsen, 2011).

The implementationstageinvolves key elementssuch as training and approval
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of assessorsstartingearly and approvingonly the best,developingstandardsor
guidelines for the assessmentommunicatingopenly and giving stakeholders
accessestablishing databasesystemsthat collect information centrally, keeping
control over quality, ensuringsufficientassessorbeforethe startof scheme and

ensuring onetopinformation centres (IEA, 2010).

The monitoring stageis an on-going processvhoseelementsnclude developing
an overallquality assurancapproachsettingsufficientresourcegor the process,
keepingto highquality aswell asimplementing complainand appealprocedures
and processes,communicatingboth good and bad news, and lastly, taking

action whereverneeded(IEA, 2010).

Some of the key lessonslearnt include the need formaking continuous
evaluations, improving quality, transforming results into savings, using and
supportingresultswith other policies, consideringthe life cycle approachand
other environmentaimechanismg¢lEA, 2010). Theevaluationstageinvolves key
elements tensure highguality andsystematic complianceith nationalbuilding
regulationsto maximize the benefitsthrough revisions of the schemeand to

adaptcalculationmethodologie$o supporstricter buildingstandards (IEA2010).

25SouthAf ri cads mandatory energy performanc

UnderNotice 700 of government gazette 43792 of 8 December, ZB20Minister

of Mineral Resources andEnergy has, under section 19(1)(b) of tRational
Energy Act, published regulations fadhe mandatory display and submission of
energyperformancecertificates (EPC) for buildings in. Brieflyt, coversbuildings

with a total net floor area of over 1,000in the public sector and 2,008in the
private sectarThe energy performance rating on the EPC refers to the net energy
consumed in kWh per fiper annum. The EPC must be displayed in the foyer of
the building anda copy to besubmitted to the South AfricaNational Energy
Developmentinstitute (SANEDI) evernb years(Green Building Design Group,
2021)

It is essential to note that the new legislation is not applicable to factories and
manufacturing plants but onfgr offices andotherpublic buildingssuch aplaces
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for entertainment and public assembly atieal and indoor sports activities as well

as places of instruction. Such buildings include schools, malls, theatres and places
of work that are bigger than 2,088 Government buildings larger than 1,060

must also comply with the new legislation. Buildings that have been in operation
for less than 2 years or have been subject to a major renovation within the past 2
years are exempted. Moreover, the new regulation stipulates that there are certain
areas tht can be excluded from the calculations, such as garages, car parks and
storage area®etrie, 2021)

An energy performancecertificate, similarto those displayed on household
appliances, must be issued by an accredited body in accordance with SANS
15442014 energyperformancesertificates forbuildings. This certificate must rank

the energy rating (ER) of a building on a performance scal@)(AThis is to the
maximum energy consumption (kWh/m2/a) per building type as per the SANS
10400 XA.

2.6 Passiveversus activeNZEBs performance interventions

In a bid to cope with the post 2020 policy of al all buildings built after 2020 to be

zero energy or net zero, varioggeenhouse gas emissions reduction target set by

various countries were reviewed in ternfgpassive and active strategies. While

passive strategies refer to reducinghéding, energy demands at the early stage

of a buildingds | i fe cstyatediesorinterveatioghh ar c hi t
active strategies represent waysréduce building energy consumption through

energy  production (Organisation for Economic Coperation and
Development(OECD),2020)

Scognamiglicet al. (2013) notesthat thereis no standardapproachor designing
and realizing NZEB, primarilybecausehereare many possiblecombinationsof
building envelope,utility equipmentand on-site energy production equipment
able to achievenetzero energyperformancePassiveinterventions (for thermal
and visual comfort) thereforglay a crucial role in addressingNZEB designas
they directly influencethe heating,cooling, ventilationandlighting loadsof the
bui | dmechgnicaand electrical systems. In turn, this would influence the
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generation capacity of renewable enetgghnology/system for the balance of
energyrequired (Scognamigliet al, 2013).

2.7 Thelink betweenNZEBs and costoptimal levels

Ferrara et al. (2018) argue that the recast ERBEU state§whereeach member
statemustensurethat minimum energyperformanceaequirementsare setwith a
view of achievingat least costoptimal levels of energy efficiency. In addition,
eachmember stateshould also provide plans to promote the costeffective
transformation of existing buildings into NZEB. Sincethere is noquantitative
definition for NZEB (different member statehave to define their respective
performancdevel of a nearlyZEB), costoptimumlevelshavebeenestablishedo
encourageeachmemberstate torelatetheir energy performancerequirements

to the relevant costoptimal levels.

The EBPD also requires that tleuropeanCommissionshould be provided with
regularreportson the resultsof thesecalculationsandthe related policy plans,in
order to assessachmember state s p r tongandsachisvingcostoptimal and

NZEB levels as guided irhe four stages shown in Figure 5

1. 2. 3. 4 5.
: Determinati
Definition Selection of Ener
9y Global cost on O.f ot
of energy performanc lculati optimal
reference efficiency e caiculation levels
buildings measures assessment

Figure 5: The multistep methodology fo€EOL applications. Source: (Ferrara et al,
2018: 3)

Groezingeret al. (2014) contendsthat while costoptimality is the prevailing
framework for evaluating energyperformance forrenovation of existing
buildings it will alsoserve as a benchmark fibre design of new buildings as
from 2021. This will bring a smoothand consistenttransition of policies and
markets from costoptimality to NZEBs which is neededto drive the full
implementation of the NZEB conceptWith netzero energy consumption

becoming increasingly viable for existing buildings,1880sera building in
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California (US) wastransformedinto netzeroenergyas illustrated in Figure.6
Theprofessional team installed two typ&fsPV panelsas well asa solartreeand
three windurbinesto generate@nergyandcreate a conducive trainimgvironment.

Figure 6 and 7 demonstratdwo buildings generatingon-site energyusing PV

technology.

Figure 6: A 1980sera buildingtransformedinto NZEB in California. Source:
(Penny2014: 10)

Figure7: Germany'solarcoatedbuilding. Source: (Solar decathlazQ14: 14)

Review of the twduildings(the ecorefurbishmenbof the 1980sera building and
Germany's solar coated building) demonstratethe use of solar panels for
renewableenergy with different approaches to their integration into the building
system However, the solar panels serve the same purposeof generating
renewableenergy from solar radiation as a renewableresource. Whereasthe
installationmay be initially expensive compared to the conventional-gu@plied

electricity, cost savingswould be realizedto covert h e b upaybdck perpd s
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and beyondlt is thereforeamportant thafpayback periods and initial investment

costs for selected retrofit packages are assessed considering the future lifespan of

the building. Together with these, possible supsapportunitiesshould be

investigated so that investors daneouslyg et t heir return on inv
et al.2019).

2.8 Processof migrating from 6-star rated building to NZEBs

This section presents the revi@ivexistingliterature thatcould provide insights
towards the assessmaitthe gap between6-star and NZEBs in South Africa.
The sectionanalyzes the potential impactf migrating from 6- starto NZEBs,
especially with regard to policy interventions.

2.8.1 Setvision and targets

The setting of a vision and related targetguiresa clear definition of the desired

goal (such ashetzeroenergy,nearnetzero energy,passivehouse carbonneutral

or percentbetter than baseline), associated metrics (such as site energy, source
energy, carbon intensity) and targetrs.The vision could alsoinclude plansfor

the renovationof the existing building stock (Frapp®&énéclauze and Kniewasser,
2015).

2.8.2 Develop arenergy code roadmap

This entailsthe setting of a transparentand predictableroadmapoutlining how
energy codeswould evolveto meetthesetargetsin orderto allow industry and
institutional actors to adequatelyprepareand plan for code changesminimize
surprisesand increasecost effectivenessit alsoallows manufacturersf building
componentso foreseadlemandor energyefficient productsand prepareto meet

the market demand as it emerges (Framiél, 2015).

Similarly, Rosenberg «il. (2015)highlightthatfutureenergycodes shouldensure
that low performing design options are eliminated or balanced with high
performingoptions.Energycodesshouldbe developedvith somelevel of overall
building energyperformanceargetbasedon a view of the building asa system

andthus accountingfor building systemand climate interactions.
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Van Geem(2014)argueghat energycodesand standardsetminimum efficiency
requirementgor new andrenovatedouildings thus assuringreductionsin energy
useand emissionsover the life of the building. As a building's operationand
environmentalimpact is largely influenced by designdecisions,energy codes
presenta unigue opportunityto assuresavingsthroughefficient building design,
technologiesand constructionpracticesOncea building is constructedit canbe

significantlymore expensiveo retrofit for higherefficiencylevels.

2.8.3Benchmarking energyperformance

Turnerand Frankel (2008) note that performanceoutcomebasedcodesprovide

the ultimate in confirmed energyefficiency, thus allowing for comparison
between thectual energy use versusthe desiredtarget setat a design stage.
Benchmarking actual building energge is thus a vital part of any energy
management program and could become an extension of building energy code
requirements. Studies have shown that buildings do not always achieve the results
predicted bysimulations at design stage. Performance at operational stage is
thereforecrucial towardsfacilitating correctiveaction and demonstrating desired
movement towardthe desired energy goal.

2.8.4 Addressing performance gap througlutcomebased codes or other

policies

Building energyperformance, including code compliance, is demonstrated by
analysis of energyse data after occupancy under outcdrased codes,rather
than assumegperformancebasedon review of prescriptive requirenents or
modelling of buildings at design stageThe central purpose of outcomebased
codesis to minimize the performancegap between expectedversusactual
energy performance, ando incentivize strategies for energy savingkrough
systemlevel design,occupantengagementcontinuousoptimization of building

operations and quality installations (Fragpénéclauze and Kniewass2g15).

2.9 Energy weighting for green star ratingin South Africa

According toGBCSA (2013)the Green Building Council developed the Green Star

South Africa rating tools to provide an objective measurement for green buildings
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in South Africa as well athe rest ofAfrica. These tools recognise and reward
environmental leadership the property industry. The green star tools are created
for each building type and are mainly aimed at supporting design professionals and
developers in creatinfuildings thatemit lesser amount of greenhouse gases,
produce less waste, and enhance ocdspg@noductivity and health as well as
ensuring higher satisfactiofihe tools are based amedifferent components, with

each allocated a range of credits that address environmental and sustainability

aspects of design, construction and operation of a building.

The components are management, indoor environmental quality (IEQ), energy,
transportwater, materials, land use and ecology, emissamuinnovation with
sociceconomic as an additiomabluntary componenBy applying environmental
weighting to each category scqisee Figure 8 for respective weighting&reen

Star South Africa ensurdgbat each category is correctly represented within the
rating tool, and in line with evolving knowledge of the industry locally and globally
(GBCSA, 2013).

5% 9%

13%/

9%
= Management = indoor Environmental Quality
= Energy Transport
= Water = Materials

Figure8: Green Star rating/gightingcomponentsand creditsSource: Ferrara et
al, (2018: 3)
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It is evident fromFigure 8 that a highest percentagé23% was on overall energy
consumption and reduction of GHé&nissiors linked with energy generation. This
is followedby 14% for indoor environmental quality and% for usage of water.
Management anttansportare weighted equally (9% for eackhilst the lowest
percentage 5% iallocated forinnovations Materialscomponent is weighted at
12% with emissionat8% and land use and ecoloafy’%. This means thahoving
towards net zero energyowld be targeting thehighest weighted component of

energy and would therefore resonate with the emphasis of-tatieg schemes.

2.10 Conceptual framework

ZEB focuses on buildings connectedto energy infrastructuresand not on
autonomousbuildings. To this effect, the term NZEBs can be usedto refer to
buildings that are connectedto large scale energyinfrastructure The wording

0 n eaundérlinesthe fact that thereis a balancebetweenenergytaken from or
suppliedbackto theenergygridsoveraperiod whichis normallyoneyear(Sartori

et al.2012) ZEBs have a simple common goal which is neutral result in
energyor emissiorbalance, whiclshould be achievad mostcasesithin a period

of oneyear. With NZEBgoal the full optimization of passive design strategies
becomes a major facttwwardsinfluencingthe energydemand/loaaf a building
(Scognamiglioet al. 2013. Based on this understandingigure 8 presents the
conceptual framework of tretudy wheramplementation strategies for the NZEB
(throughprioritizing the reduction of the buildirig energy demands prioritized

as the critical focusThe strategies are divided into energy demarsgpe and
active strategies), energy generation (energy production and distribution) for the

active strategies and the advanced strategies.

As illustrated in Figure @he study oNZEBsis guided bya conceptudramework

based on the key interacting categories of responsive stratddiespassive
strategies help to reaé netzero energythrough the reduction of the building
energy demand by introducingesponsive architecturdengineering design
techniques in the early design stage. This entails passive sustainable and energy
saving strategies. The active strategies rely on the generation of energy through

renewable sources and energy storagteracting with the grid for import and
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export of energy required for the energglanceThe advanced strategies take the
I mpl ementation of NZEBs further I nto the
include balancing out the embodied energy and related -&HiGsions.The

advancedtrategiesvereexcluded from the scope of the study.
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Net-zero energytbuilding
(NZEBs)

|

Legal and Regulatory
Framework for NZEBs

Factors influencing

Factors influencing duct
energy production

energy demand reductiol

Passive strategies: Active strategies:
Optimizing energy reduction through Building energy supply through
architectural/engineering design renewableenergy technologies
| |
| |
Passive sustainable, | Energy saving Energyproduction Thermal Energy
design techniques Energy saving
Building orientation Building envelop Solar PV generation Heating
Building geometry design Techniques Cooling and heat
Natural lighting Optimization for rejection
Natural Lighting Daylighting
Natural ventilation

Figure 9 Conceptual frameworkf the study in relation tblZEB strategiesSourceRe s ear cher 6 s own constru
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Chapter 3: Research Method

3.1 Overview on researclapproach

This chapter presents the research method and tools employed in addressing the
research question and related -suiestions of ta study. This includes data
collection andanalygs tools as well as related ethical considerations. The chapter
concludes with an @rview on the context of theuilding purposely selectefibr

case study.

Bryman and Bell (2011yuidethat research desiga essentiallya framework for

the collection andnaly®s of data in order to facilitate derivation of findings on the
research questioBased on the insights from literature review in Chapter 2 and the
research question raised in Chapter 1, the study appiealitative study approach

based orthe case studgf a purposelyselectedbuilding. Baxter and Jack (2008)
suggest that a case study approach provides the exploration of an issue through a
variety of lenses and in consideration of different features of the phenomenon of

the study.

However, thestudy also entails a quantitative component based on statistical
analyss of energyusedataof the case study building over a eyear periodThe
quantitative componerapplied a building energy modelling and simulation tool
that allows design teams aptbject owners to assess the most-eff&ctive ways

to incorporate energy saviigerventiondor diverse building types such as homes,

hotels, hospitals, offices and retail spaces.

TheEdge softwarg¢green building certification system) facilitates floe discovery

of technical solutions at the early design stage with the aim of reducing operational
expenses and environmental impact over the life cycle of the builth
2016:3) Based on the information inputs and selection of green measurgdgee

tool revealed projected operatiotsglvings and reduced carbon emissions. This
overall picture of performance was then applied towards articulating the business
case for the design and constructioliN@EBs Table2 demonstrates the research

design ad overall approachppliedfor the study.
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Table 2 Research design and ovestlhidyapproach

Stage| Case study Assess Evaluate Integrate

1 Appraisalof a selected| Assess the current stat¢ Determine the Evaluate possibilities as
(existing) 6-Star Green| oft he b ui | d i energy performanc( well as opportunities of
Star rateduildingin performance. components that | improvement.

South Africa make a Estar
GreenStar
building.

2 (Appraisal of a Analysiscurrent Appraise case Appraise the opportunities
selectediNet-zero performancef netzero | studies on and benefits of NZEBs in
building in South energy buildings in extending to net South Africa.

Africa. South Africa. zero energy

buildings in other

countries to inform

base case.
3 Consolidation and Analysisof the Evaluate ways in | Simulate for the various
derivation of findings. | performance gap which to bridge the| interventions to take the 6
between the 6 star and | energy star to aNZEB.
netzero buildings. performance gap.
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3.2 Data collection andanalysstools

Arising from the overall research question and relateebsigistionsTable 3presenta summary of data collection and anatys

toolsapplied inthe entire research process.

Table3: Summary of data collection and anatysools

Sub-question Data neededand data collection tools Data analyses tools and

1 Whatis theenergyperformanceyap Through the DEABuilding Facilities Manager, BMS (Building | The Edge Tool building simulatior]
betweert-starratedandNZEBsin South Management Systempyovidedenergyconsumptiondata inthe | softwarewas utilized to analyse
Africa andwhatwould bethe associated operationphaseof the 6-star rated buildingThis entailed the data.
climatechangeanitigation potential? automatediatacollectionbased ometersandsub meters as we

as buildingintegrated sensors and |&Ystems.

. ) . . |Psychometric charts were used fq
Climate and psychometrithart data for Pretoria were obtaineg y

from Climate Consultant through an EPW weather file of the climate analysis andentification o

area. This allowed for the derivation of parameters for thevea passivedesign interventions.

2 Whatarethe energyperformanceind Obtainenergyperformancendcostsavingdata of a6-star rated | Literature andedge Tool software
costsavingsassociateavith 6-starrated | building thathasreceivedntervention from 6-starto NZEBs as | were usedto assesghe most

versus NZEBs? per thecasestudy interventions. costeffective ways toincorporate
energysaving optionsinto the cas

study-building.
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How couldthetechnical marketand costbarriers
from 6-starto NZEBs enhancemerie addressed?

Obtainsecondanpatafrom reviewed literature o
what has been implemented locally and
internationally orchallengego migratingfrom 6-
star to NZEBsto enableanalysisand derivation of

A comparative data analysis for standard
buildings versus energy efficiebuildings

was undertaken

‘Whatcouldbethe desirablepathwayfrom voluntary
to mandatoryNZEBSs for South Africa.

Obtain secondary data from reviewed literature
key approach and specific instruments utilized

other countries.

A comparative analysis of voluntary versl
mandatory approach and their impact an(
success per country reviewed and how th

could relate to the South African scenarid

Main research question:What is the energy
performance gap betweerstar greemated
commercialbuildingsversustheir simulated
NZEB performancandwhatwould bethe
desirablepathwaytowardsthe adoption and

scaling up ofNZEB practicein South Africa?

The dataanalyss and sukfindings on the sub
questions were consolidated and synthesized ir
order to derive the overall findings of the study

based on the main research question.

Theoverall consolidatiomf the sukfindings
demonstratethat itis feasible viableand
economicato advances-starratedbuildings
into NZEBstherebycompellingthe market
to respondr to buy into theideaof NZEBs.
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3.3 Case study overview of the DEMuilding in Pretoria

This section provides an overview on fDEA Building, which serves ashehead
office of the Departmentof EnvironmentalAffairs of the Government of South
Africa. It was purposely selectefbr this study because it is one of the few
buildings in South Africa that has achieved6-starrating in-design, asuilt and
asoperated The building is located within the suburb of Arcadia which is

considered asne of thegatewayso P r e t @annerciyd s
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Figure10: Contextuallocation of Pretoriavithin South Africa Source: (Adapted

from google maps)
3.3.1Climatic conditions of Pretoria

Pretoridd s c¢ | regioa is classifiedassubtropical with warm and temperate
conditions where thaverage annualtemperaturgangesfrom 12°C in June(in
winter) to 24°C in December (in summemottek et al. (2006) In addition, it
has long hot and wet summers followed by short-tmabld and dry winters. Rain
is mainly concentrated in the summer months, withodnditions prevailing over

winter. The city experiences the typical winters of South Africa with cold, clear
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nights and mild to moderately warm daysecity is located at 281m above sea
level (Kottek et al. 2006)In reference to the energy efficien@gulations for new
buildings in South AfricaANS 10400XA, SANS 2011:15}he climatc region

of Pretoria is classifiedsZone 2 temperate interior

Port St Johns

Saldanha Bay@ : ast London| Zone Climatic conditions
1 Cold interior

8 bosch 2 Temperate interior
Cape of Good Hop 30000 Hot interior
b Temperate coastal
SE  Sub-tropical coastal
6 Arid interior

Drg727a

Figure 1L: Climate zondor Pretoria, SourcefSANS 10400XA, 2011: 15)
3.3.2Site context andsurroundings

The siteis located to the eastf SteveBiko Street,with Southpansbergoadto
thenorthand Oumanshoofstreet to the west (see Figut2).

DEPARTMENT OF ENVIRON TAL AFFAIR-PRETORIA

Figure 12 Locality map otthe DEA Building in Pretoria. Source:
Adapted from Google Maps)
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The building is 30,6541 in size and the shapeof the land, orientation, and
topographypermitsfor the location ofhelargeeffectiveoffice wingsalonganorth
i south centralspine.This enabledthe building to centralizethe supportservices
along the spine and to keep the floor plates as open and multifunctional as
possible.Thewings are mainlyorientednorth/south, which optimizes solar
gainson northfacades as well as for the reoThe wings alsollow for green
spacesbetweenthe wings as well as enoughdaylight penetrationinto the

wings.

The building design integrated a wide range of passixgesign and energy
efficiency interventions such aouble glazed windows, evaporativecooling
methodsfor air conditioning, photovoltaiccells, and solar hot water heatingon
rooftop, north/south orientation as well as highilgveloped building envelep
insulation design.On water component, the building design also integrated

rainwaterand greywaterharvestingandrecycling(DEA, 2017: 1).

The size of the site made it possible to distribute the floor space relatively evenly
to create a general height of only three storeys, which can be accessed comfortably
by stairs. Each office wing includes a central atrium with internal planting at ground
level and clerestory windows above the roof to enhadagkght into the building.

This also encourages natural ventilation using stack effect and-fhughing
ventilation of thermal mass Th@ building is conceivedwithin three distinct
elementsconsistingof the masculineor utilitarian machinelikeoffice wings,

the feminine and organic centralreceptionbuilding, andfinally the bridge
structurethreadthatlink all of theelementd o g e DBRAe2017:6).

It was noted that th®e p a r t Erwironmrgaland sustainallity aspirations
werecommunicated throughhe architecturallanguagethat demonstrateéspects
of sustainabledesign,energyand resourceefficiency throughthe extensiveuse
of outdoor and indoor planting, expressivewater collection featuresand a PV
systeminstalled on theoofs. Materialsselectiorwas notedto havebeenlargely
driven by sustainability,longevity and easeof maintenance. The building has
come tobe regardedas good demonstratiorof how governmentshouldlead by

examplethroughforefrontsustainablénnovation (DEA,2017). Figure 3 shows a
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modeledperspective view of the building.

Figurel3: The DEABuilding in PretoriaSource: (DEA2017: 1)

34 Ethical considerations

In ensuring adherence to ethics in research as guided by the University of the
Witwatersrand, ethics clearance was obtained before commencing with the research
(see Appendip). In particular, the researcher obtained formal permission letter
from the facilities manager (Mvelo Facilities Managers) of the case study building
which allowed the researcher to use the building as the case study building.
However, due to the uniquetoee of the casstudy, it was not possible to ensure
anonymity for the building. This is mainly because the specific location, as well as
specific input data on occupation/ttype (with related energy consumption) were
essential data parameters for use baseline input data into thedgeTool
simulation software. The permission letter was therefore issued with an
understanding that anonymity for the buildard its user as well as operatannot

be guaranteedin addition, it is a public buildingwhichs pi res t o Al ead
in environmental sustainability and cannot tliere, at the same timeremain

anonymous.
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Chapter 4: Passive design optimization and energgerformance gap

4.1 Introduction

This chapter presents data asthly®s towards addressing the core aim of the
study, whichis toassess the energperformance gap between &tar building and
aNZEB, with focus oreddressingsubquestion 11 n particular, the chapter works
towards an understanding of sdimate, responsive passive design interventions,
the use of energy efficient building materials as well as the use of renewable energy
systems required for a building of the nature and sizeDepartment of

Environmental Affairs[DEA) Building to achieve a netero energyerformance.

In order to give clarity to the above, the study utilized the DEA Building as the base
case to demonstrate how such a building in the study area could\Ztanmating.

The DEA Building is noted to be performing efficiently in its energy usas a
6-star rated building relative to the prevailing energyficiency regulations for
newbuildings(SANS10400XA) in South Africawhich came into effect in 2011

This is indicated by the energy performance data obtained from the building
management systerfBMS) versus the mandatonyerformancelevels required
under SANS1040XA (SANS, 2011).

This is consistent with the view of Frap@enéclauze arikniewasser (2015) who
argue that, underoutcomebased codes, building performance (and code
compliance)is demonstrated by analygs of energyuse data after occupancy
ratherthanassumegerformancebasedon review of prescriptiverequirements
or modellingand performanesimulation in the process of desigihe central
purposeof outcomebasedcodesis to minimize the performancegap between
expected and actual energyperformance, andto incentivize energy savings
through systemlevel design,occupantengagementgontinuousoptimization of

building operations and quality installations.

4.2 Data collection and analyss for DEA building

Table 5 presents the operational enaugg data of the building indicating the total
energyuse intensity for the year as well as highlighting the energy consumption of

each of thekey energyusecomponents per yeahe energyuse pem? per year
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(kWh/m?/yr) andthe percentage annual contribution of each ofifeecomponents
The data for the study is based on three parameters namely

1 Predicted results using known design parameters as input.
Operational data displaying annual eneugg and use intemnsgi
Operational data demonstrating amount of solaigeéReration available on

site.

The DEA 6 star rated building considered to be energy efficiemd theollowing

werenoted to be the major energge components:
f Cooling and heat rejection at &8Vh/m?/yr,
f Fans (mechanical air movement) at BV8h/m?/yr,
f Tenant lighting at 3RWh/m?/yr,
f  Small power (tenant equipment at K&/h/m?/yr and

f Supplementargooling (additional cooling requirement) at &&h/m?/yr.
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Table 4 DEA Building operational data, 2018. Adapted frdmvelo Facilities

Management (2018).

6-Star Rated

6-Star Rated

6-Star Rated

Building Building Building

Operational | Operational energy

energy use | yse KVh/m2fyr % of energy

kWh/yr use

2017/2018 2017/2018
FuelCQ factor 1.2 1.2 1.2
Heating 38 162 1.4 1.2
Cooling & heat Rejection 174 448 6.3 5.6
Pumps 1 560 0.05 0.05
Fans 147 684 5.3 4.8
Extract and miscellaneous
fans 30784 1.1 1
Non-tenant area lighting 67 700 2.5 2.2
Car parKighting 35 399.60 1.3 1,1
External lighting 27 708 1 1
Lifts 42 167.40 15 1.3
Domestic hot water 24 324.90 0,8 0.7
Lighting tenant 1011198 37 33
Small power (tenant) 1 349 005 49 44
Supplementary cooling
(Tenant) 126 149 4.6 4
Sub Totals(kWh/yr.) 3076 291 112 100

This sectioranalyses the various interventiathat led to the building attaining the

6-star rating and also investigatgossible additional interventions or strategies to

further reduce the reliance of the building on external energy supply. The study

established that a-&tar building is one that meets criteria for a high level of

environmental performance as described dy e

GBCSAOGs

green

star

(GBCSA, 2016)However, the rating system only assesses the base building (and

therefore does not includmergyusetypes such as tenant lighting and power) in

the final performance calculation. It is therefore pdssibr a building to achieve

the 6star rating without being as energificient as a net zero buildingVhile

greenstar rating entails a wide range of componemslding management

provisions for operatiostage, indoor environmental quality, energngnsport,

water, materials, land use and ecology, emissions and innovattees Figure 7,
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Chapter 2, Section 2.9), netzero energy only focuses on the entire energy
component of the building, and especially during its operatistagle, rather than

flasdesignedor fas buil to which ar e -rithge common

The above statement is substantiated through the analysis of adew rated
building scores as reported by the GBCSA (GBC3#16) The buildings include

DEA Building, Pretoria, Upper Grayston Drive, Sandton, No.5 Silo, Cape Town
and WWF Building, Braamfontein. The buildings achievestd ratingatdifferent
creditpoints. The minimunctreditpoints required to attain a-6tar ratirg is 75
points out of 100 across the nine components highlighted earlier. Four of the five
buildings achieved the-&ar rating with scores of 82 points for the DEA Building,

75 points, 79 points, and 76 points for No.5 Silo, Upper Grayston Drive and WWF
Building respectively.

Taking the DEA Building as an example, the points were recorded as follows:
Management (7.5), Indoor environmental quality (10), Energy (24.2), Transport
(6.4), Water (13), Materials (9,4)and-use and ecology (3.1Emissions () and
Innovation (5). The implication of the aboseeditpoint system is that the building
could have scored more in other areas and less in energy but still achieve the 6
rating.In addition, the building almost achieved the maximum cigaiitts set fo
energy componer greenstar office manualhich is30--points(GBCSA, 2014,
pp3334).

On the scoring for energy component, the DEA Building achieved its points based

on desigrintegration ofvarious energiefficiency interventions comprising bbth

passive and active design strategies. The passive design strategies include, building
orientation, as individual blocks of the buildiegjoy north and south orientation

with fenestration concentrated on these north and sowlddahereby taking full
advantage of natur al ventil ati on, hence
mechanical ventilation (DEAR017).

According to DEA (2017), another passive design strategy was the use of lightly
tinted, doubleglaang with high luminous efficacy to ensure good daylight

penetrationwith minimal heat energygain from solar radiation outdoard he
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application ofcarefully detailed and constructed higerformance insulation in the
envelope with minimal thermal bridgin@ghcluding exterior walls and rogfsvas

anotheiinterventionthat added to the attainment of #reergyscore.

The building also incorporated higfficiency lighting and control as well as night
flush ventilationof thermal massThe internal areas are characed by lowlevels

of volatile organic compoundsVQC) finishes and ofshutter concrete with
durability as a key focus point. In additidhge building has dedicated weather
station as well as raivaterharvesting and greywater recycling. Other sustainability
features and building services include a solar PV generation plant on the roof, a full
function biometric security system and fulleggy monitoring and control through

a central BMS System. The HVAC system is comprised of astage evaporative
cooling plant serving each block of the building with special areas supplemented
with traditional refrigeranbased AC system®EA, 2017)

twasnotedthat he bui |l dingés operational energy
was not to exceed 1KWh/m?/yr. Secondary data for 2017/2018 indicates that the

building is currentlyoperatingat 112 kWhi?yr (see Table 5). Based on the
secondarydata, it was noted thahe averageenergy use of the building is
256,357.58 kWh/month, which thus amounts @78 291 kWh/yrBased on the

usable floor area of 27 25&, this translates tb12 kWhm?yr and thus marginally

surpasses thE15kWh/m?/yr energy-use intensitytarget set by the client

In order tore-assesghe performance of the building arntd energyefficiency
measurs, secondary data in Table 5 were inputted intoBtdgeSimulation Tool

and the energefficiency performancef the building was recorded as 42.14%. as
against 100% of a notional SANS 104K building (building of the same size,
shape and zoning arrangement as the actual building with the same conventions
relating to measurement of dimensions). The simulatidput is represented in

Figure 4.

Review of the initial data shows that thstar building is performing better in terms
of its energyuseintensitythan the predicted energise, though the difference is

minimal. The actual operational data therefoh®ves energyconsumption of
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112kWhi?lyr with total of 13.8% (15.49kWh#/yr) of the total energyise being
generated by means of Rdanel system installedn the roof. The renewable on
site energy generation is presented in ApperflixThe table in Appendi E

indicates the predicted consumption (115kkityr) based on the following

energyuseintensity byusetype:

Tenant equipment accounts for 49.8kvifiyr,
Lighting accounts for 37.3kWh/yr,

Heating accounting for 2kWinf/yr,

Fans stand at 19kWn#/yr,

Cooling accounts for 46.7k\Mm/yr

Pumps accounting for 8.5kWh#/yr

Others at 29.6kWh#?/yr

=4 =4 A A4 A -4 -2

In contrast, the operational data of 2017/2018 enasgjntensity(112kWhim?2/yr)
of the variousisetypes are

Tenant equipment accounting for 49k\Wwhkr,

Lighting accounts for 37kWh#?/yr,

Heating accounting for 1.4kWm#/yr

Fans stand at 5.3kWh/#/yr.

The cooling and heat rejection accounts for 6.3kvidlyr with the
Pumps accounting for 0.05kWhd/yr

Others at 12.75kWh#/yr

= =2 =4 4 -4 4 -2
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Annual energyperformance analysis of 6-Star Rated DEA
Building
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Figure 4. Annual energyperformance analysis of DEA Buildin§ource:Adapted

from Imvelo Facilities Management (2018:6).
4.3 Bioclimatic assessment of the climate of the study regicrPretoria

In order to pursue the drive from astar rating to eNZE rating for the DEA
Building, an understanding of thdoc | i mat i ¢ condi tions of th
was undertaken. A psychrometric chartalysisof the study region was also
undertaken to gainnsight on monthly and annual temperature and humidity
distribution of the region and its implications on the overall energy consumption of
the building especially in relation to thermal comfort in the buildjtigermal
comfort isinfluencedby environmetal variables such as temperature, radiation,
humidity and air movement The analysiswas subsequently applied towards
appraising for additional energy efficiency interventions for advancing the DEA

Building towardsa NZE performance.

The operational dat a of-butihlet ob udrladwinngg sa s(
obtained as secondary data), coupled with the interventions stated earlier (see
Section 4.2), indicates that the effect of climate was taken into consideration
towards the dsign of the buildingn order to achieva 6-star rating. This explains

to a significant extent why the building is performing better than a notional
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SANS10406XA building of the same nature under the given climatic conditions.
4.31 Climate analysis ofthe study area

Climate data of the study area were obtained as secondary data from online Climate
Consultant software (DOE, 2012). These data are recamlddurly basis and
covers monthly mean averages of relative humidity, solar radiation and wind speed
as well as dew point and dry bulb temperatures. The data were converted into graphs
by means of psychrometric charts (see Section 4.3.2 and Appendi¢es}2) in

order to allow insight on potential for achieving thermal comfort in absence of

additiona energy input (Tesisat, 2016)

Based onmonthly temperature$or Pretoria showthat the mean temperature
difference for winter versussummer months is approximately 9°C, while the
difference between maximum and minimum temperature during the summer
months is approximately 18°C with an increase in the difference of temperature to
approximately 23°C in winter. The annual mean dry bullpemature in Pretoria is
noted to be about 19°C and this value is close to the comforatbewveen 20.5°C

and 24°C These aretemperaturesinder shade and therefale not include heat

gaindueto directsolar radiation.

In summer, cooling interventisnwould be required for indoor thermal comfort.

The low mean drpulb temperature in wintere¢pecially inJune and July) is
approximately 7°Cwhich is significantly lower than what is stipulated under
comfort zone. In order to accurately determine timaate conditions, factors such

as solar radiation must be taken into consideration. Graph B builds on the
information presented on Graph A as it incorporates the effects that solar radiation
has on the overall temperature (dylb and webulb). Graph B AppendixF
indicates that during the summer season, the dry bulb temperatures rise beyond the
comfort zone whereas during winter months the external temperatures just barely

approach the comfort zone.

Graph C in Appendi¥ highlights the relationship b&een relative humidity and
daily temperature experience throughout the year. Since warm air has the capacity

to store more moisture than cold air, the overall relative humidity dala basis
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decreaseas the temperate increases during the day and increases as the
temperature decreases at night. In summer, the relative humidity experienced is
approximately 82%, whereas during the day it averages at approximately 40%. In
winter, the maximum relative humidity at nightisproximately 78%, and averages

at approximately 22% during the day. These fluctuations respond inversely to the
dry-bulb temperatureslhe relative humidity is higher in summer than in winter

and this is attributed to the summer rain experience in aetor
Psychrometric Charts- Pretoria findings

In order to ascertain the possibilities of achieving thermal comfort through
optimisation of passive design strategies, the study carried out psychrometric chart
analysisof the study area falanuary to Decendy. The annual psychrometric chart
(January to December) shows that 27% of the data points fall within the comfort
zone thus acounting for 2 353 hours out of a total of 8 760 hours. With the
implemention of comprehensive passive desigategies as indicatén Appendix

F, a significant improvement of 82% of the data points falling into the comfort zone
can be achieved while the balance of 18% would still require active measures to

drive the entire building to a 100% level within thenfort zone.
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Figure B: Psychrometric chart A (Jdao Dec.) showing climatic influence on thermal comfort without passive design strategies in building

design (SourceAdapted from climate consultant 6.0).
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Figure16: Psychrometric chart B (Jaa Dec.) showing climatiinfluence on thermal comfort with passive design strategies in building
design (Source: adapted from climate consultant 6.0).
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The percentage of dagmints falling within the comfort zones however differ from
month to month basedn the seasons as explained below and with the charts in
AppendixF-1 toF-12. The month of January shows that 35% of the-patats falls

into the comfort zone, thus accounting for 259 out of 744 hafith comprehensive
passive design strategisschasbuilding layout, envelope thermophysics, building
geometry, aitightness and infiltratioperformance total of 78% of the data points
canfall into the comfort zone, thus accounting for 577 out of 744 hours, with the

balance of 22% requiring active measures to achieve comfort.

The month of February shows a similar pattern with 34% of thepiatas falling

into the comfort zone, thus acading for 231 out 672 hours and with comprehensive
passive design strategies, the comfort zone rises to 79% (533 out of 672 hours). The
month of March indicates 33% of dgtaints within the comfort zone and this rises

to 78% of the data points being iretbomfort zone due to passive design strategy
interventions. The month of April indicates the dptants of 33% in the comfort

zone and achieving a comfort zone of 91% with passive design strategy interventions,
thus accounting for 658 out of 720 houffie months of May to July indicates a
different pattern with the data points as shown in Appefédbto F-7 with the
average temperatures and humidity beginning to reduce, thus requiring heating and
humidification to reach comfor zone. During these moritiesdatapoints fall to the

left of the comfort zoneThe month of May indicates6% of the data points falling

into a comfort zon¢covering a total of 116 out of 744 houend rising to 81% with

passive design interventians

The month of June demond#a a worst case as only 4% of the gaaants fall within

the comfort zone, and thus requiring a whole lot of a combination of passive and
active measures to achieve thermal comfort in the building. With passive design
interventions as exhibited in theEIA Building, 74% of the datpointscanfall into

the comfort zone. The July month, still in the winter season being the coldest month
has datgoints falling into the comfort zone for just 5% and with passive design

interventions, this rises to 72% of thatapoints

From the month of August through to December, the-paiats once again start
moving to the right (towards the comfort zone), and thus increasing the temperature
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and humidity and reducing the need for much of the active measures. August comfort
zones rigs to 19% based on climate and 83% with full optimisation of passive design
while September, October, November and December achieves comfort zones of 93%,
92%, 90% and 72% respectively.

The above analysis indicates that with full optimisation of passs&d strategies,
office buildings within the study area would require less of active measures to achieve
comfort. A further reduction in the energge of the building could be achieved
through analysis of the energge types in the buildinguch as egjpment and

lighting which are not accounted for in the green building rating calculations.

4.4 The process towards assessment f{dZEB

This section explores options available to athte rating forthis type ofbuilding
within the given climatic region. Théuilding plans (initially obtained as
secondary datam PDFformati see Appendix B, pages 13@) werere-drawnin
ArchiCad togeneratehe building modelshown belowfor easeof referencevhen

entering datinto the EdgeTool software for simulations under different scenarios.

Figure 17: Building model of DEA Building as createimh ArchiCad Source:
Adapt ed -Huiolnm & acdr awi rBgogertraan ¢ Rastreers, 2014 o m

Based on the psychometric charts of Pretoria, the attainmemi8EB would be
significantly influenced byactors such as climate, passive design strategies, the use

of energyefficient building materials as well as the use of renewable energy systems.

In order to determine the energgrformance gap between thestér rated DEA
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Building and aNZEB version of the same building, the data in Table 5 were utilized
as the basease scenario for advancing thestér rated DEA Building to &ZE
standard. Thanalysisof the data in Section 4i@dicatesthat the major energyse
components of the building in its current stateareling and heat rejection at 6.3
kKWh/m?/yr, fans at 5.XkWh/m?/yr, tenant lighting at 3RWh/m?/yr, small power at

49 kWh/m?/yr andsupplementary cooling at 4k&Vh/m?/yr. The datalsoindicates
that other energy componemtsuld haveminimal contribution to the energyse of

the building as they haareadybeen significantly optimized for energfficiency.

It should also be notetthat the roottop P\tinstallation currently generates 13.8%
of the total energyise of the building.

4 5 Discussion of interventions

As stated earlier, the drive to regro requires passive and active enagguction
interventions and this section discusses the interventions applied to the energy needs
of the building from its current usage before proceeding to input the data into the
EdgeTool software. The critical components requiring interventions are as follows:
tenant lighting, small power (tenant equipment which mainly relate tolpads),

the reduction of phantom load (which means energy consumed by appliances or
device everwhen they are switched offsee Section 4.4.1.3 for definition) and

installation of PV system.

Based on the data presented in Table 5 and the appraisal of the interventions carried
out to get the building to a-&ar rating, almost all passive desigreinentions
needed to advance the building to a-rmi energy standard were already
comprehensively optimized towards thetér rating. These include effective use

of natural ventilation and ddighting, the use of evaporative cooling,
implementation ofdouble glazing, adequate windderwall ratio and effective
orientation of the building among others. The key data parameters and criteria as
well as the primary and secondary sources utilized in the intervention for the three

key elements with high coasiption are presented below.
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Table 5 Data parameters and criteria for primary and secorditasources

Subquestion 1

Key interventions

Secondary dat

sources

Primary data sources

What isthe energy
performance gapetween

Criteria 1: Lighting

Criteria 1: Lighting

Criteria 1: Lighting

6-star and NZEBs isouth
Africa and what would be
the associated climate
change mitigation
potential?

Introduction of
additional LED lighting
to cover areas that are
not covered.

Source: Data obtaine(
from the 6 star
modelled data.

Source: Data obtained through Edg
simulation software.

There three key
interventions and data
sourcedor this sub
guestionareshown in
subsequent columns. The

Introduction of
occupancy sensors
cover major areas n(

covered presently

Source: Data obtaine
from the BMS systen
for the  building
operational data

Source: Data obtained bylirect
observation during site visit (wa
through assessment)

related data sources unde
each critelon are shown ir|
columns 3 (secondary

data) and 4 (primary data]

Introduction of motion
sensor to areas not
covered.

Source: Data obtaine(
from the BMS system
for the building
operational data.

Source: Data obtained by direct
observation during site vidjtvalk
through assessment)

Criteria 2: Equipment

Criteria 2: Equipment

Criteria 2: Equipment
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Replacement of all higk
energy IT equipment
and systems with EPA
rated Energy Star
equipment.

Source: Data obtained by direct
observation during sitesit (walk
through assessment).

The introduction of
virtual server to reduce
the number of servers
required for the entire
system in the building.

Criteria 3: Power

Criteria 3: Power

Criteria 3: Power

Development of
protocols for the
unplugging of devices
that are not in use by
the introduction of
Phantom Load
Reductionby
mitigating phantom
loads when devicaare
not in use.

Source: Data obtained by direct
observation during site visit (Walk
through assessment).
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Cooling/heat rejection and fans

The study noted thdioth coolingandheatrejectiondependon energyuse for the
fansandas shown in Table 8he heating and coolinave beendrastically
reduced and furthenterventionswill not yield much impact towards lowerirthe
energyuse The supplementargoolingis fully dependenbnacompresscebased
air conditioningsystemand hasalso not beenalteredas any further intervention
will mean areplacemento a noncompresserbasedcooling systemwhich will

increasethe fan energy requiremenbf the building GBCSA, 2018)
Small power (tenant equipment)

With reference to Table 5, small power (tenant equipmentatitbrm partof the
modelling protocol of the initial design,and as stated earlier, this component
consumes 49% of the total energy use of the buildirtgs load is referred to

as plug and process loads (PPUs)bato et al (2012) define plug and process loads
in office buldings as energy loads that are not related to general lighting, heating,
cooling and water heating and typically do not provide thermal comfort to the
occupantRelatedequipmentrangesfrom computersserversand othertypesof
commondevices thatre most likelynot energyrated, hencetheir high energy

demand.

Fisher et al, (2006:119) demonstrates thatuse of energystar rated equipment
combinedwith automaticcontrolscanreduceplug loads by up to 50% compared
to atypical office building of thisnature Thisimplies a 50% reductiooompared
to the currenPPLsenergyuse of 1349005 kWh/yr.Dean (2014alsonotesthat in
orderto lower PPLsenergyuseit is recommendethatthe EPA energystarrating
system(which has been validated to be a reliable indicator for low enrergy
performance)be utilized in a building. Based on direct observation durioge
of thewalkthrough energy audit visitde currenPPLsin the DEA Buildingare

not energystarrated
Phantom load reduction

Appliances and equipment account fabout 33% of commercial building
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electricity consumption (Mckenney et al, 2010 addition to the reductionof
energyuse by selectingenergystarrated equipment,Emmerson, et al (2017)
noted that most appliances consume electricity even when they are switched
off. This is referred to as phantom loaasdit represents significant energy

drain. Phantom load reduction is thereforecrucial and it is recommended

that when not in use, protocol for unplugging such devicesbe developed.
Interestingly, withthe use of smart technology, all phantom loads can be
automaticallyeliminatedwhen devices are nat use.This was applied tdurther
reducetotal PPLsload of 1349005 kWh/yrby 83%(a reduction from B49005
kWh/yr to 229331 kWh/yr).

Lighting (tenant lighting)

The smulationindicated a reduction of the energge from1 011190 kWh/yr to
374140 kWhlyr, thereby loweringnergyuse from 12Wh? to 4.8W/m?2. As shown
in Figure 16, lhe intervention thus produced a 63% enesgying in lighting for the
building, thus allowing for further progress towalNBE performance. The same
is then applied taarealighting (nontenantlighting) in the building and the
combired outcoméor lighting is represented in Figur&.1
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Reductionin energyusefor lighting
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Figure B: Reduction in energyse for lighting from 12Wm? to 4.8Win?) based

on EdgeTool simulation.
Installation of photovoltaic solar panel

The studynotesthat thecurrent P\finstallation covers 38%f the availableroof
spacewhile an additionab% is occupiedby other equipment such as cooling and
solar hot-water systems. The available roof space for installation of additional
panels is approximately 40% of the total roof space. This is adequate for the
required renewable energy generation based esyRiénsincetheadditional roof
space needed to accommodateitamithl PV-installation to meet the energy

balancds 36%.

4.6 Simulation and analysis of energyefficiency interventions

The energyuse intensity of 112 kWhi?/yr (seeTable 4 is used as the basase
for the drive towards achievingZEB. The data were entered into tBedgeTool
software and the interventions as discussed above were applied to lagitiigLs

load.In addition solar panels were added to proadielitional generatioi.he sub
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findings from thepsychometrichartanaly®s (as per Figurd5 and 16s well as
in AppendixF) givesan indication of thermal comforevelsachievable through

passived esi gn i nterventionmnewithin Pretoriad

The output of the simulation for the prioritized interventions is presented in Table
6, which shows the base case as well as thewidltventions scenarios as the basis
for determining the gap between thstér andNZEB. The table is alsdlustrated

in a bar chart in Figure8iwhichindicaesthe base case, the wiithterventions and

the solar generation capacdfthe rooftop P\tinstallation.
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Table 6: Energy efficiency gap between-sgar rated DEABuilding versus
simulated NZEB

Energy efficiency gap6 star rated DEMuilding versus NZEB

6 StarRated|6 StarRated |6 Star [NZEB NZEB NZEB
Building Building Rated
Building
Operational| Operational
Modelled Modelled

Energy Use| Energy Use| % of Energy Use | Energy Use % of

kWh/Year |kWh/m?/year| energy KWh/Year KWhim2lyear Energy

2017/2018 | 2017/2018 use for net zero use
Fuel CO2 1.2 1.2 1.2 1.2 1.2 1.2
Eactor
Heating 38 162 1.4 1.2 38 162 1.4 3
Cooling & Hea174 448 6.3 5.6 174 448 6.3 14
Rejection
Pumps 1560 0.05 0.05 1560 0.05 0.1
Fans 147 684 5.3 4.8 147 684 5.3 12
Extractand |30 784 1.1 1 30 784 1.1 2.5
Miscellaneous
Non-Tenant |67 700 2.5 2.2 25 049 0.9 2
Area Lighting
Car Park 35 399.60 (1.3 1.1 13097.85 0.48 1.1
Lighting
External 27 708 1 1 10251.96 0.37 0.8
Lighting
Lifts 42 167.40 (1.5 1.3 42 167.40 1.5 3.4
Domestic Hot |24 324.90 (0.8 0.7 24 324.90 0.8 2
\Water
Lighting 1011 190 [37 33 374140.03 13.7 30.1
Tenant
Small Power |1 349 005 (49 A4 229330.85 8.4 19
(Tenant)
Supplementan126 149 4.6 4 126 149 4.6 10
Cooling
(Tenant)
SUB TOTALS 3076 291 (112 100 1237148.99 @45 100
(kWh/Year)
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kWhinlyear Annualenergyperformancanodellingfor DEA-Building towardsNZEB
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Figure B: Annual energy performance analysis towards a NZEB for Prdtasied orEdgeTool simulation irkWh/m?/year.
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Figure D indicates the energy consumption data of each of the components of the
NZEB versusthe 6star rated buildingn relation to theienergy demand with the
DEA 6-star building as base casd-rom theEdgeTool simulation results, energy
savings of 1839142 kWh/yr was achieved as against the base cas@ 201
kwWh/yr. This implies that the energyse intensity of &ZEB DEA Building with

total area 080,654sgmwould be at 4BWh/m?/yr as compared to oent intensity

of 112kWhm?yr. This will amount to an energyerformance gap of
67kWhim?/yearbetween 6star rated and BZEB of the DEA Building typeand

within the climatic region of thestudy area. The energy requirement of
45kWh/m?/yr is generated byneans of roefop P\~installation with the generatien

capacity shown in Figure8l

Based on th&dgeTool simulation results, the DEBuilding as baseline building
indicates an energgfficiency of 42% amounting to average monthly enargg of
256357kWh/Month and annual use of 3 076 291kWh/yr. Based on the
psychometric charts, the energye of the DEABuilding indicates that passive
design strategies have been comprehensively optimized and implemented. As a
result, interventions for simulatiowere prioritized towards the components
highlighted in Tableé above.

These sulfindings forsub-question 1 are consistent with Rosen (2015) who argue
that the way in which buildings are designed and constructedould be
transformedto mitigate energyuse and related emissionsas well as improving

the potentialfor buildingsto becomenetenergygeneratorsThe developmentf
technologically advanced high-performanceNZEBs can therefore contribute

significantlytowards sustainablevelopment goals of a city or countnygeneral.
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Chapter 5: Cost savings, barriers and pathways from voluntary to
mandatory NZEBs

5.1 Introduction

This chapter presents data and analyses in response-tju&stions 2 to 4 which
address cost savings associated with enhancement fr@tar6to NZEB
performance levels, the technical, market and cost barriers #StarGo NZEBs
practice and the desirgbpathway within voluntary versus mandatory NZEBs for
South Africa. The chapter starts wihcomparison of construction costs of two
NZEBs versus a conventional building in Malaysia in order to appraise the cost
difference between the two cases. Thifllbwed by a presentation and analyses
of secondary data on barriers towards migrating frebteé to NZEBs, and finally,

the chapter presents secondary data analyses on policy pathway towards a
mandatory rather than voluntary NZEBs for South Africa baseekisting policies

as well as insights from the specific instruments utilized in the secoddtayases

analyzed.

5.2 Cost savings associated with-tar and NZEBs

The viability of 6Star versus NZEBs is dependent on energg intensity (EUI)

and energicost intensity (ECI), which in turn depend largely on the interventions
(passive and active measures) implemented to obtain the energy performance
outcomes. InsightBom literature reviewed in Chapter 2 indicated th&tér and
NZEBs perform better than a conventional building in terms of their energy

performance, even though both frequently entail higher initial construction costs.

In a bid to evaluate cosfffeciveness of NZEBs, Shabrin et al (2017) analyzed
construction costs between tBarawak Energiuilding (SEB) headquarters and

the University College of Technology SarawgkJCTS Campus versus a
conventional building in Malaysiao highlight the costlifference between a
conventional building and a NZEBhe case of Malaysia has been used due to the

fact that the cadauildingsyave detail ed comparison of th
values, investment analysis and the constructost which was not readily

availablefor other buildings. The study noted that for the SEB headquarters, cost
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of construction wafinggit Malaysian(RM) 200 million for a floor area of 59
388nt, amounting to RM368/nt, while the construction cost for amverage
standard office in Malaysia then was RM1 596/Ror the same floor area as SEB
Headquarters, this would translateatbapproximate cost of RM95 million. Based
on the above, the construction cost ofNZEB would be around RM104 million
higher due to the implementation of green technologies. For the UCTS Campus, the
construction cost was approximately RM357.7 million with a floor area of
approximately800 184m. The construction cost for an average d¢éad school or
university in Malaysia is RM762.50/{Shabrin et al2017) This would translate

to an approximate cost of RM228.89 million. This indicates a-aiéfgrence of
RM128.81 million between the constructioast of a NZEB versus a conventional

building equivalent.

Pless et al. (2014) noted that, although dataarstruction costef NZEBs are
limited, the NREL Research Support Facility (a large office building in Golden,
Colorado), was procured at a typical construction budget for the esseagidedy

Matt et al. (2014), even though high efficiency components often cost more than
standarekfficiency equivalent, innovative design and construction teams have
developed a variety of strategies to offset the cost of implementing tha-otsss
efficiency required to achieve NZEBorcellini et al., (2004) noted that a study of
six highperformance buildings in the US showed that a NZE&fg also
facilitated energycost savings (in their operation and maintenance phase) ranging
from 12- 67%.The savings were mainly based on a wHnléding desigrprocess,
which included the systematic application of enepgyformance simulation

software for quantifying goals and evaluating impacts of design alternatives.

Pless et al. (2014:4) statduht, based on the NREL experience, achieving cost

savings in a NZEB is primarily influenced by the following design approaches:

1 Prioritizing energy efficiency as a project goal which might entaiktodid
on cost investment in architectural elements deamot impact or assist in

energy performance

1 Integration of simple and passive efficiency solutions, with an emphasis

63



on envelopeerformance optimization

1 Downsizing or eliminating heating, ventilation, and air conditioning
(HVAC) equipment mainly ttough optimization of passive envelope

design
1 Maximizing the use of modular and repeatable design solutions.

1 Specifying readily available and tested technology and focusing on the

implementation details

1 Implementing experimental solutions only whexessary for NZEBs and

incorporating the appropriate system expertise onto the project team

1 Incorporating a continuous value engineering process as part of the
integrated design effort that facilitates choice and decisiaking in cost

tradeoffs acrosdesign disciplines
1 Engaging experienced key subcontractors early in the design process
Cost payback period for DEA NZEB interventions.

Brown & Matysiak (2002) definpayback periogs a simple analysis to estimate
the time taken for cash inflows to bat&out the original capital outlagf an
investment venturePayback period thus gives an indication to investors on the
time it will take to recover the initial capitalutlay, whichtherefore givesan

initial estimate of the viability of the projedtneifel (2014) similarly refers to a
simple payback as the number of years it will take for the future cost savings to

offset the initial investment costs.

In their comparison of the acceptable payback period in North America, Coetzee et
al. (2015) pointed out that 15% of investors will prefer a payback period3of 1
years, while 40% would accept™dyears, and 27% betweerQ6years. Only a
limited proportion of 18% of participants would accept 10 years and above. This
indicates that for mayity of investors, the preferred period would be at a maximum
of 3 to 5 years. However, in the South Afna@ntext, SEA(2017), noted that the
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current payback period is in the region of 6 to 9 years. This is pointed out to be
dependenon tariffsas mat commercial and industrial customers are on tariffs that
have a significant fixed demand charge componena &milarline of thought,
IASS/CSIR,(2019 notethabt pr esent, payback ti mes

10 year s f osystemsandregerhighlyalépenBevit on the valuation of
PV by the local utility

Coetzee et al(2015 note that the above findings closely correlate with
experiences in the South African market, where developers require shorter
payback periods. This waswever noted as a critical barrier to green building in
South Africa because the entity that pays for the design and building of the facility
is often not the one that operates and maintains it, and as such, the benefit of the

additional cost gstto accrueo a different party the tenant.

In order to assess the cost savings (utility cost reduction) associated with DEA
Building, secondary data of the conventional/notional building and-8tarG-ated
building (see Appendix C) were entered into Bagetool software in order to
ascertain the utility cost savings based on the interventionsafoomventional to
a6-Star building. As shown in Appendix C, the results ofEdgetool simulation
indicate that the notional building would operate at an avertigg cost of R 978
806.93 /monttwhereas &-Star rated buildingvould operate at an average utility
cost of R 412 990.63/month (see Appendix G for the secondary data efthe 6
and the notional building respectively). This translates to a costgsa¥imi
565816.30/month. Using the-Star rated DEA Building as a base case and a
utility cost of R412 990.63/month, the utility cost was further reduced to R 367
720.94/month for NZEB, which translates to an additional cost saving of R
45269.69 /monthqgee Appendix D for the simulation result as well as the input
data).

Based on th&dgetool results as stated above, the study utilized the utility cost
of R 412 990.63/month as the basese to migrate from-étar to NEZB. This
then forms the basis of @@mining the utility cost reduction from-&ar to
NZEB. This aligns withTorcellini et al., (2004) analysiwhere energy cost
savings for NZEBs rargfrom 1267%.
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Following onGorshkovand Vatin(201868), the derivation ofpayback periods
based orthe simple payback formula as a ratio of the value of the incremental cost
of implementing the selected green building intervention to the utility cost reduction
achieved due to cost savings per ywehich wasobtained from th&dgesimulation
software as shownin Appendces D and E. The simple payback periogs
thereforederivedas follows:

Simple payback period 0/ CF1

x  WherelCO is the value of the incremental (additional) cost of implementing

the selected gredsuilding interventios.

x CFl is the cash flow achieved due to utility eeavings per year facilitated

by the green building design interventions.

Based on the above formula, the payback period of-8tarGated DEA Building

is calculated drawing from ¢houtput of theEdgetool simulation result as
indicated in Appendix C with an incremental cost of R 40,889,228.84 and a utility
costreduction of R412 990.63/month (amounting to R 4,955,887.56 per year).
By applying the above formula, the payback persf yearssee Appendix C).

On the other hand, based on the incremental cost of R 41,098,476.40 ZAR and a
utility cost reduction of R 367,720.94/month (which amounts to 4,412,651.28
(ZAR) per year, the payback period of the NZEB interventions will be dsyea
(see Appendix D).

This studyfurther assessed the payback periods of the various interventions
independently in order to ascertain the interventions with shorter payback period.
This also allowed the study to compare the outcome with acceptable payback
period for investors in South Africa. €ihree main interventions assessed were
lighting, energy efficienPPLsand roof top PMnstallations. To carry out &
payback period calculation, the electricity cost per ks determinedvhile
alsofactoring envisagedariff increasesn view of trend of increasem recent
years. This informatioiormed the bass of estimaing the electricity cost per

kWh and henceletermining the cost payback of the interventiassletailed
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below.

Based on théNational Enegy Regulator of South AfriclNERSA) approved
tariffs, it is noted that from the year 2011 to 2020, electricity tariffs have increased
from R0.86 to R1.81, implying that the cost of electricity per kWh rose by, R0.9
which amouns to approximately RO.1 inease per year anth annual increase

of 9%. The study utilizéthe electricity tariff of 2020/2021 of R31 becausehe
costwasimplemented in 2020. However, projectiomsre made over a period of

ten years on a similar rate atatiff increase. This traates tothe electricity

(cost per kWhof R1.8 + R0.9 tdally at R2.7by year 2030 This tariff will be
applied towards determining the cost payback of interventions for the projected

10-year period.
Cost payback period for tenant lighting

As pointed out in Section 4.4.1, tenant lighting load was not included in the initial
design/modelling protocolt was thereforenecessary testimatehow much the
replacement of the conventional (T5) light bulbs with LED bathdd contribute
towards a buding of this nature attaining the NZEB standard. The analysis of
the intervention shows a reduction in energy use frodi11190 kWh/yr to
374140 kWhlyr. This closely aligns with Ahmad et &017) findings where
energysavings of LED bulbsand the annal cost savings was about 4766
lighting energy consumptioithe investment cost for LEDBulbs and installation

was obtained from the current construction marketinaterms ofconstruction

cost perm? for electrical installationThe installationcostfor a conventional
sophisticated building of the nature of DEA stands at R8O®im the bulb
component would constitute about 30% of the entire installation cost. The derived
interventioncost was coupled with the energy savings associated with the two
types of buildings and a payback period of less than one year was derived as
shown in Table 8. This implies that the total period within which the additional
cost of the intervention of LED lighting towards achieving NZEB will be

achieved in less than a year
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Table 7 Payback period calculation for tenant lighting intervention

Energy Savings Payback Calculation

Intervention LED Lighting
Additional
cost to
upgrade
from
conventional
Estimated to LED
Installed Cost (R) 1063 062 lighting
Annual
saving from
Estimated Saving LED lighting
(kWh/annum) 637.050,00 over
conventional Annual Increase ir
lighting Energy Cost
9%
Energy Saved o1 Energy Cost Total Annual Accumulative
Year Site (kwWh) (R) Saving (R) Total (R Year
2020 1 637 050 1,81 1153061 1
2021 2 637 050 2,0 1 256 836 2
2022 3 637 050 2,2 1369 951 3
2023 4 637 050 2,3 1493 247 4
2024 5 637 050 2,6 1627 639 5
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Cost payback period for small power (tenant equipment)

With computers being the most eneigiensive tenargquipment in
commercial/office buildings, the cost payback period calculation focused on the
desktop computers versus laptops. Tgreen office guid@ublished by National
Appliance and Equipment Energy Efficiency Committeel@0notes that an
average computer powedting is 49 Watts when fully on, 29 Watts when asleep
and 2 Watts when switched off but LCD lapgagilize only 1525 Watts when

fully onandarethereforemuch more energy efficient.

On tenant equipment replacement with ER#ed equipment, it was noted under
Section 4.4.1.3 that annual electrical energy use would be reduced §4®0D5

kWh/yr to 229330.85 kWh/yr. This facilitatedhe derivation of the payback period

of the intervention. Based on tB&0 computersIlfnvelo Facilities Management,
2018:9)currently being used in the building, the A@ted desktop computers cost

R8 950 HewlettPackard pricelist 201®er system while EA-rated laptops would

cost R13450(HewlettPackard pricelist, 201@er systemBased orthe above, the
payback period for the intervention was assessed to be slightly over a year as shown
on Table 9.
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Table 8 Payback period calculation for tenant small power (tenant equipment) intervention

Energy Savings Payback Calculation

Intervention Small Power
Additional
cost for
providing
laptops
instead of
desktops for
all 850
Estimated building
Installed Cost (R) 3825000 occupants
Annual
energy
Estimated Saving saving from
(kwWh/annum) 1119675 changing to
laptops from Annual Increase
desktops in Energy Cost
9%
Energy Saved or Energy Cost Total Annual Accumulative
Year Site (kwWh) (R) Saving (R) Total (R Year
2020 1 1119675 1,81 2026 612 1
2021 2 1119675 2,0 2209 007 2
2022 3 1119675 2,2 2 407 817 3
2023 4 1119675 2,3 2624 521 4
2024 5 1119 675 2,6 2 860 728 5
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Cost payback period for solar PV

Janse van Vuuren (2016) argues that with the expected lifeti2@ ydardor solar panels, a

longer payback period of up to 15 years could be accepted as this would indicate a payback
before the end of the sol aratimgementingéolaiPViset i me
worth considering because once the solar PV system has been paid off, it will continue to

generate value thereafter at no cost.

Given the status quo for total installed capacity of 397kWp and PV generation standing at
15.49kWHm?/yr at a cost of 9.8WgPandarum 2018:3, a NZEB would require a total
installed capacity of 153kWp at a cost of 9.8Wp to generate 45kWAym To achieve the
above, an estimated additional installed cost off@¥800 after factoring therojected pice
decline of solar PV by 57% between 2015 and 20RENA, 2016).The estimated savings

per annum in kWh amounts to 1103 760 (756 x 4 x 365). Using thePslzlculator below,

the solar pv intervention gives a payback period of 3 years.
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Table 9 Payback period calculation for solar PV intervention

Energy Savings Payback Calculation

Estimated Saving
(kWh/annum)

2020
2021
2022
2023
2024

Intervention

Estimated Additional
Installed Cost (R)

Year
1

g ~ WD

Solar PV

7 408 800

1103760

Energy Saved ot
Site (kWh)

1103 760
1103 760
1103 760
1103 760
1103 760

Baseline has
397kWpsystem.
Cost reflects
additional to make
it 1153 kWp
Saving from
providing
additional 756
kKWp PV system
for the building

Energy Cost (R)
1,81

2,0

2,2

2,3

2,6
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Total Annual

Saving (R)
1997 806
2177 608
2 373593
2587 216
2 820 066

Annual
Increase in
Energy Cost

9%

Accumulative
Total (R Year
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5.3 Subkquestion 3: Technical, market and cost barriers from 6star to NZEBs

enhancement.

Having investigated the technical performance (enesg reduction) and cest
savings associated with botkSéar and NZEBSs, this section appraises the barriers that
hinder the implementation of NZEB# also looks atneasures to address thém
ensure that the attainment of NZEBs becomes a reality in South @bigiiding and

property sectors.

Generally, barriers are assessed in terms of technical andtenbmical criteria
Technical barriersncludeeconomic, finacial, legal as well as social challengésey
also include lack of skills and expertise across the construction sectaell as
uncertainty about how technologies perfofdm the other handvontechnical barriers

address environmentdijnctional and design challeng@stende et aR017).

With respect to economic and financial barriers, although energy savings of a NZEB
projectcan be expecteth the long termadoptionhas been unpopular due to high
initial investmentosts of relatethterventionssuch thathe construction coginds up

being higher than for a standard/conventional buildifilge fact that energy costs are
volatile also further reinforces this barrier #iscreates a challenge to achieving
affordable NZEB projects due introdudng uncertaintyon actual montary savings

The legal barrier mainly stems from lack of coherence in policy and regulations while
socialbarriersrelate toa conditioning factor thahfluence the choice of technologies

to beimplemented especially in view of lack of environmental awareness among
developers and their professional teaBuxial barrier entails lack of knowledge about

the technology, ease of use which refers to concern on the functionality of the
technology, reltive advantages and disadvantages that compabeaguality of
construction and designs as well as the extra cost when compared to a conventional
building and social nons which entailinadequate exposure and familiarity witat

zero energy building
For South Africa the specific barrierare attributed to the followinfactors:

1 Perception of costashigher tha theyactually andack of incentives
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1 The water shortage in the country could be considered as a barrier in terms of
developing green buildgs and theabsenceof systematicresearch on the

average cogpremiumof developing a net zero energy building

As noted in GBCA(2011:9, Davis Langdon (2010) reported that many industry
professionals still maintain the belief that NZEBs cost around 17% more than a
conventional building. In contrast, Shabrin et al. (2017) note that although the
construction cost of a NZEB has been proweihe higher than that of a conventional
building, the higher cost can be motivated on the basis of the cumulative savings arising

from the lower energy consumption during the operation phase.

A growing body of literature indicates that government hagrafgant role to play in
ensuring that the gaabf NZEBs are coherently pursued and achieved. For example,
Parene et al, (2012) argue that if overall government policies on sustainable
development are lacking, it becomes increasingly difficult to ada@fEB\practice in
isolation. Additionally, lack of coordination between authorities lead to unstructured
administrative procedure which will eventually constitute an obstacle for project

owners.

Ostende et al., (2017), further highlights the lack of pdizigerence as a major legal
barrier especially where different national and urban planning regulations are
incoherently applied within a context where the most effective energy measures are
deemed not to be cestfective. The study noted that verifying amaderstanding the
existing regulations (and especially the urpéamning regulations and local energy

regulations) should be the first step towards addressing the legal barrier.

On the nortechnical barriers, Ostende et al., (2017) noted that envirdahrespects

form a major component of the implementation of NZEBs. These include attributes such
as climate conditions, building orientation, site characteristics as well as future urban
planning. On the environmental and functional aspects, lack of skilsexpertise
across the sector and uncertainty about how technologies perform has emexged as
major barrier. Berggren et €013) noted that technical systems such as solar thermal
collectors, PWtechnologies and heat pumps, if properly designed, caddce the

operating energyse. In particulartheir study highlights the crucial need for the
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professionateam to have contespecific understanding which would allow them to
differentiate and assess the various technologtyons in relation to theispecific

project needs and constraints.

The barriers appraised in this section are directly applicable in the South African
context, especially because the concept of NZEBs constitutes a new paradigm in the
building and propertylevelopment sectors ofgleconomy. There is theref@eurgent

needto address the barriers through coherent policy and regulations as discussed in
Section 5.4.

Figure 18 gives a summary of the barriers, actors and possible solutions to the
promotion of NZEBs. The figure indites andeinforcesthe idea that many barriers
depend on others and unlocking some of them leads to automatically resolving others
or being resolved with little effort. The figure points out three main barriers as follows:
regulatoryand legislativesocial conditioning factors and economic barriers and each
of thebarrieshas its own actors that assist in generating possible soluflsaszoming

these barriera/ould ensure the effective adoption as well as implementation of NZEBs.

Theregulatoryand legislativebarriers require the local and national authorities as well

as legislators as actors to enact laws and regulations to allow for the promotion of NZEB
as well as regulate the various obstacles associated with NZEB. It notes that the action
of the actors leads to breakirsuch barriers thereby ensuring that there are no
bottlenecks in the promotion of NZEBs. On the social conditioning factors, industry
players such as the professional team, suppliers, maintenance and facilities
managemenprofesionalsas well as installers of NZEB technologi@sedto assume

the responsibility obreakng theassociatetyarriers The economic barriers on the other

hand, sees the end users who are not promoters as well as promoters who are also end

users ashe key players and these actors assist in breaking the economic barriers.

The figure indicates the dependency of the barriers on one another thus highlighting the
principle that breaking the legal barriersuld lead to increaskdiffusion of NZEB
ideas. It also shows that the iaaton the social conditioning factors also leatds

increasd diffusion of NZEB andhereforeaidsin the breaking of the economic barriers.
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Barriers

Actors

Possible solution® NZEB barriers

Legal and economic barriers

Legal andregulatory obstacles leading
to scarcity of investments and absen|
of rewards to NZEB promoters and
users

v

Local & nationalauthorities as
well aslegislators

\ 4

x  Provision of subsidies bypcal

Social conditioningbarriers

Economic barriers

91 Lack ofenvironmental awareness 1 Initial investment and
1 Lack of knowledge of NZEBs credit conditions
9 Lack of acurate information about successes of NZE 7 Uncertainty about the
f Much information about negative experience result of NZEBs
1 No value for NZEB projects by people I lack of insighton-use or
f Conservative society life-cycle costs
Professional services Contractors End-users
provider
. Installers Promoters but no end user
Suppliers

Maintenance and facility
companies

A\ 4
Increase diffusion of

Promoters and end users

l

andnationalgovernment

x  Legislation to enable
economic viability foiNZEB
promoters, clients and end
users

x  More awareness campaigns

x  Work on several new
technolog regulatiors

x  Create precise legal definition
for NZEBs

v

*| NZEB ideas

?

More case studies

*

=

=

Better condition for initial investment
Improve qualificatios of professiona
involvedas they become more used t
the projects of this kind

More cases for lifeycle analyes

A 4

= =

Knowledge of what NZEB and energjus
buildings means (not savings only but also

comfort)

Improve environmental awareness

Knowledge about economic aspects and therefo

no more prejudices

A

A

1 NZEB seen as a valuable product
(Sustainable and economic aspects)

A4

v

Break consuction market inertia

End-users preNZEB and
promoters more involved

Figure 20 Summary of barriers, actors and possible solutions. Source: Adapted from Ostende et aB9j2
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5.4 Subquestion 4: The desirable pathway from voluntary to mandatory
NZEBs for South Africa

IEA (2019) noted that thdecarboniation ofthe global building stock through
improvements on related energy performard®ing undertaken by policy makers

and other stakeholders in the built environment and construction sectors and South
Africa is not an exceptionThe relevant policies and rdgtions are often
implemented through building standards and codes but within the context of overall
national and international policies aimed at GEI@ission reduction in mitigation

of climate change.

Drawing from literature review in Chapter 2, and wghrticular reference to

Section 25 on approachks towards NZEBsas it relates to the gazedt&outh
Africads mandat ory ,pteer diptake meach adeptiosfe r t i f i c
responsive practices has been slow and inconsistent. The SustBiniéditeg and

Construction Initiative (SBCI, 2017) argues that mandatory regulatory and control

measures are probably the most afftctive measure for sustainable buildings.

However, his has largely failed in South Africvhere nany White Papers,
Reguldions and Gazette Notices have been publisheavibltminimal impacton
adoption This is mainly becausenorcement mechanismbave remained
relatively weak.In particular,it has been demonstrated thatentives such as
grants and rebatesenecessarfor any country to overcome the initiebstbarrier

towards the adoption of innovations for sustainability.

To address this challenge, this section presents an analysis of secondary data on a
purposely selected sample of countries where such policiedlean implemented,

and primarily focusing on relevance/impact towards achieving NZEBs. The case
study countries are the Etdgion, the US, Mexico and India. Applicable insights

towards a responsive policy scenario for South Africa are then articulated.
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Table10: Overview of secondary data on Sgiestion 4

Country

European Union

United State of America

Mexico

India

x  Key Policies

x Energy Performance of Building
Directive (EPBD) 2002/91/EC

x Energy Performance of Building
Directive (EPBD) 2010/31/EU recast

x Energy efficiency directive (EED)
2012/27/EU

x Directive on renewable energy sources
(209/28/EC)

x Directive on ecalesign and energy
labelling (2009/125/EC and 2010/30/E(

Federal LeadershimiEnvironmental,
Energy and Economic Performance
(Executive order 13514)

The Energy Independence and Secu
Act of 2007

Planning for Federal Sustainability in
theNextDecade (Executive order
1363)

X

International Energy
Conservation Code (IEGC
Mexico)voluntary at national
level butfor mandatory
enforcemenat state and
municipal level

x Energy Conservation Act
2001

x Energy Conservation
Building Codes (ECBC)

x  Green Rating for
Integrated Habitat
Assessment (GRIHA)

x  Approach and
instruments

x Regulatory and control mechanism
(building codes, targets, certification ar
labelling, compliance, mandatory audit

x Economic and markdiased instrument
(energy saving performance contractin
energy saving certificate)

x  Fiscal instruments and incentivi@ax
reduction/exemption, grants, subsides,
soft loan, taxation, net metering rules
and feedn-tariffs).

x Information and voluntary actions
(education and training, demonstration:
information tools and research and
development)

Building codes andtandards
ANSI/ASHRAE/IESNA STANDARD
90.1, ASHRAE Advanced Energy
Design Guides (AEDG), ASHRAE
Standard 189-2017, International
Energy Conservation Code (IECC)

Economic and markdiased
instrument (energy saving performan
contracting, energy saving tificate)

Fiscal instruments and incentives (ta
reduction/exemption, grants, subside
soft loan, taxation, net metering rules
and feedn-tariffs).

Information and voluntary actions
(education and training,

demonstrations, information tools and
researcland development)

Regulatory and control
mechanismHtuilding codes)

Fiscal instruments and
incentives (incentives)

x Regulatory and control
mechanism (Building
codes, certification)

x Fiscal instruments and
incentives (incentives)
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x Key outcomes
andimpact

Increase renewable energy share in th
national grid mix

To achieve a fossil fuel free country by,
2050.

Reduce building sector greenhouse ga
emission.

Reduction of greenhouse gas
emissions, a priority for Federal
agencies.

Enhancémprovements in the
environmental, energy and economid
performance of federal agencies.

Opens up electricity market
for new onand oftsite
renewable electricity
generation and purchase
opportunities

Provides companies with
100% tax depreciation on the
cog of installing onsite pv
systems and other renewablg
energy equipment.

Sets requirements for
commercial buildings and
residential buildings less tha
three floors.

Ensure a minimum and
maximum energy
efficiency of 35% and
50% respectively against
a convational building

Provides multiple green
building rating and
certification scheme
coupled with training to
support interested parties

Opens up the electricity
market and allows users {
take part in notutility
PPAs

Creates incentives throug
financial andhon
financial rewards.

x Effectiveness
in tackling
barriers and
mapping
pathways.

Achieving higher energy savings and
reduced C@emissions from the
building sector

The development of strategies for
mobilizing upscaled investment in deej
energyefficiency renovation

Contributes to the reduction of energy
use in European buildings, through the
exchange of knowledge and best
practices in the field of energy efficienc
and energy savings between all 28
Europearunion memberstates plus
Norway.

X

X

Protection of the environment while
producing and consuming energy.

Assuring a secure supply of energy,

Keeping energy costs low enough to
meet the needs of a growing econon]

Reduction of energy
generation cost due to the
rapid declining costs of
renewable energy at the
international level

Emission reductions and
decarbonization efforts, to
address climatehangeby
emission reductions and
decarbonization efforts.

Addressing gcial inequalities
produced by the electricity
sector in its generation and
use

Promotion of significant
advancement in
availability of energy
efficient building
materials and equipment,

Development of credible
research institutions,
laboratory and resectn
and development
facilities,

Uptake of green building
rating programs and
enlargement of a pool of
energy efficient building
experts.
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x Key
secondary
data sources.

Zhang et al. (2015Zero-energy

buildingsan overview of terminology
and policies in leading world regions><

Giama et al. (2020). Energy policy
and regulatory tools for sustainable

buildings

Ostende et a{2017). Potential

Barriers in the construction process
a NZEB and Eargy+ Buildings.

Perry, C., (2018). Pathways to zero energ
buildings through building codes.

XU Wei, X., Zhang, S. (2018). APEC
Nearly (net) zero energy building roadma

x Becqué, et al. (2019).

Accelerating building
decarbonization: eight
attainable policy pathways to
net zero carbon buildings for
all

SEMARNAT (2016).
Intended Nationally
Determined Contribution,
Secretaria de Medio
Ambientey Recursos
NaturaleqEsteves, 2012).
Social impact assessment: th
state of the
Assessmerand Project
Appraisal

x Jain, et al (2017).
Roadmap to fast track
adoption and
implementation of energy
conservation building
code (ECBC) at the
urban and local level

x Becqué, et al. (2019).
Accelerating building
decarbonization: eight
attainable policy
pathways to net zero
carbon buildings for all

80



Comparative analysis on approaches and specific instruments

Based on secondary data presented in Table 8 and the specific ing$rumen
implementedthe analysis compartkthe various policies and instruments in order

to derive insights towards a transitioning pathway for South Africa. In this regard,
Berardi (2013) notes that there are four major instruments that various countries
utilize to implement the policies they adopt and depending on the country, the
implementation of the policies and the instrument chosen teuéithewoluntary

or mandatory. The instruments are regulatory and control mechanisms, economic
or marketbased instrments, fiscal instruments and incentives as well as support

for voluntary actions through information/communication ane@bnation.

With reference to India, the data shows that even though energy efficiency policies

were adopted over 15 years ago, they have not been implemented as a mandatory
requi rement for buil di ngs. Thi s i s bec
Conservation BuildingCode (ECBC) opted for voluntary implementation and

primarily relies on the willingness of states and municipalities to adopt and
incorporate the policies into their local cod8g¢qué et al., 2019). Based on the

voluntary nature of the ECBC, the countmginly utilizes the regulatory and control

mechanism instrument (especially the building codes and certification) as well as

fiscal instruments and incentives to implement the energy policy.

As in India, the adoption and enforcement of energy codes lbSHalls under the
purview of states and localthoritiesThis is also the situation with Mexico where

the adopted policy (referred to as the International Energy Conservation-Code
IECC-Mexico) is voluntary at national level but mandatory at the le/sfates and
municipalities(Yu et al., 2014)The US also relies on implementation by states and
municipalities butwith mandabry requirementthrough the Federal Energy
Independence and Security Acts of 2007. In addition Digartment ofEnergy
(DoE) has established aggressive goals of creating technology and knowledge base
for cost effective zer@nergy commercial buildings by 202Bh@ang et al2015).

The US is also noted to be utilizing all four policy instruments and most states are
implementing tle policies with these instruments as in the case of the State of

California which is one of the front runners in the US. They have also adopted
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mixed approach of voluntary and mandatory building energy code instrsiameht

aseries of codes kabeen implenented as indicated in Table 8.
Comparative analysis of key outcomes and impact

As highlighted in Table 8, the implementation of policies towards achieving zero
energy buildings indicates differences in outcomes of the instruments and their
respective impacts across the countries. The data overview and analyses indicate
that mandatory and voluntary approaches contribute differently towards achieving
the goal of NZEB and therefore present varying potential for enabling or disabling

local players to pursue the NZEB targ@&dcqué et al. 2019).

Based on the approaches and instruments, outcomes for each country are discussed

in relation to impact on the reduction of energy consumption from fossil fuel and

| owering the bui |l dasengssieng £Zhang et@ls(2045) rdtesn h o U s «
that one of the major outcomes of the EU policy framework is the increase in

renewable energy share in the national grid mix.

In a similar manner, the outcome and impact of the US approach accounts for the
enhancd improvements in environmental, energy and economic performance of

the agencies, while also reducing greenhouse gas emis€ibla (20%) notes

that the drive to NZE has significant po
based on the policy outcomesmpared to energy impact on economic growth in

the 19702012 period. This positive impact is noted across all the-stasky

countries.

BulavskayaandReynes (2018) note that in the drive for a fossil fuel free country
suchas i n t hzero dhdgyopslicynneote jobs are created in the renewable
energy space because wind and solar power generation are more intensive in capital
and labour than fossil fuel plants even though they are less intensive in energy
generated. In general, the outcomes of ploécies led to opening up of the

electricity market as seen in India and Mexico.
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Comparative analysis of overall effectiveness

Based on Integovernmental Panel on Climate Charfti8CC) Special Report on

Renewable Energy Sources and Climate Change Mitigation, policy effectiveness is
defined as fithe extent to which intended
increase in the amount of renewable electricity generated o shaenewable

energy in total energy suppl YO1&19tirhi n a sy
principle, the effectiveness of a policy instrument serves as a measure of the degree

to which a predefined poliegoal can be achieved as a result of systiEema

implementation of the policyHeld et al., 2014).

Evaluation of policy effectiveness is concerned with measuring and benchmarking
the outcomes that energy policies have delivered (IRENA, 2012:7gVEteation

of policy effectiveness is country specif A good example is found ithe EU

where there has been appetite for comparing policy approaches across nations

within the context of successive directives and targets (IRENA, 2012:12)

Building codes have been noté&al be one of the most effective patays with
respect to embedding NZE®actice as they seek to address common barriers to
energy efficient building design. The implementation of building codes has been
achieved in the fourase studieanalyzedn Table 8 based on the principlepdén,
implement, monitor and evalugigs mapped in Chapter 2, Section 2W)thin the

EU, the effectiveness of the building codes has led to reduction in greenhouse gas
emissions from buildings thus contributing to higher energy saviglysng et al.
2015). This is also noted in the case of Mexico where, the implementation of
building codes and incentivdss led to the reduction of energy castwell as
mitigating social inequalities produced by the electricity sector in its generation and
use Becquéeget al. 2019)

The effectiveness of responsive energy efficiency regulations in building codes is
noted to be largely due to the fact that they set minimum requirements for building
design, construction and operation to protect public health, safety andtthral
resources (Vaughan, et al., 2013). In the US, these codes have also targeted
environmenal protection goal whilereducing energy consumptionand also

contributing towardenergy securityRerry 2018) This trend has also led to the
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promotion and dvancement of availability of energy efficient building materials,
equipment and technologi@s a similar manner tohe case of IndiaJain, et al
20179.

Vaughan, et al. (2013) note that although these codes havesbeemto be
effectivein some countriegheir continued and sustained effectiveness lies in the
regular upgrade of the codes to ensure that new products and practices make their
way into buiting design and construction at the right time. Updating the codes
every three years is therefore recommended as an optimal process to ensure that
new technologies, materials and methods as well as better approach to health and
safety can be incorporateato the next generation of buildings with sufficient time

for proof of performance.

Insights towards pathways for South Africa

The building sector accounts for more than 25% of the GHG emissions of South
African cities and asuch,actions need to be takém develop buildings that are

energy efficient in order to reduce related emissitins expected that by the year

2030, about 70% of South Africans will be living in the cities andishisinslating

into increasng demand for housing, commercial buildings, office space, schools

and hospitals among other buildibges(C40 Cities Climate Leadership Group,
2018)To sustain the demand and to deliver
Paris Agreement on climate clign these buildings would need to meet high
energyefficiency performance standards, which thus necessitates the urgency for

pursuing NZEBs.

Given that the concept of NZEBs is relatively new in South Africa, it has to
overcome several barriers which comfrcany diffusion of innovations in any
market. Currently, the country does not have any act, legislation or regulation that
specifically govern the implementation of NZEBs even though the broader energy
efficiency policy and legislative frameworks are iage. These include the White
Paper on Energy Policy for Republic aii8hAfrica, 1998, Integrated Energy Plan
2003, National Energy Regulator Act of 40 of 2004, National Energy Bill 2004 and
the National Climate Change Response Strategy 2004 among, dthkosd,
2009).However, none of them specifically addresses the issues around the adoption
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of NZEBs.

TheGBCSA was established in 2007 to oversee the voluntary development of green
building solutions with energgfficiency as one of the key componer&BCSA,

2007). This became a way forward for the building sector as it entails the
implementation of the Green Star rating and certification system ranging from 1
Star to 6Star. GBCSA also recently introduced the-petto rating system (covering
water, wate, ecology, carbon) with a total of 8 (eight) neero building
certifications awarded so far. Six (6) of them are rated agewetcarbon and the
other two are rated as rmtro water and ecologyOnly one out of the 6 has
achieved both ecology and restrocarbon(GBCSA, 2007).

Whereas South Africa already has relatively vadeVeloped climate change and
energyefficiency policies and legislative frameworks, the extent to which the
frameworks can be linked to the building sector for the pursuit eézoly NZEBs

has not been clearly definelli{ford, 2009).Insights from Sections 5.4.1 to 5.4.3
clearly indicate that countries that are making significant progress towards
achieving NZEB are implementing their policies through mandatory regulations

and dher specific policy instruments such as fiscal incentives.

As noted in other countriesnplementation of @ombination ofesponsivepolicy
instruments has been more effective asgecially througthe mandatorypathway
(mainly demonstrated by the casfeghe EU). South Africa could therefore aim for

a better way to enforce mandatory approach and thus initiate the drive with
instruments thathave shown effectiveneswithin building sectors in other
countries. Some of these policy instruments have been identified in the National
Energy Strategy of South Africa and other draft policies and strategies but have not
been developed further towards implementation. Thesdéudac appliance
standards; mandatory audit requirement and labelling as wbliiming energy
performanceertification programmes. Other proven international policies such as
tax exemptions/reductions should al so

to ensure successthe drive towards NZEBs.

The adoption of such policy instruments and the move from the current voluntary

to mandatory policies would, in addition, ease the cost barrier for the development
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of NZEBs. The use of incentives would alsangiigantly encourage developers and
building owners towards the goal of NZE. Drawiingm thereviewed literature

and the findings of this studthe adoption of this initiative could act as a model to
ensurethat the government is leading the patwdaodsNZEBs. This would in turn
drive down cost and encourage energy efficient innovations in South Africa as well
as boost investeconfidence in the drive to achieving NZfactice in the country.

The introduction of such incentivesuld thus constituta mgor pathwayto ensure
adoption ofthe mandatory policies into the building bylaws and practicebe

country.
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Chapter 6: Consolidation of subfindings and deriving overall findings of the

study

6.1 Findings and overallconclusions

The study analyzed the energgrformance gap between aS€ar greefrated
commercial building in comparison with its simulated NZEB equivalent as a case
study for South Africa. The study also looked at the pathway towards closing the
gap and raking NZEBpractice a reality for the country. This chapter consolidates
the findings on each stduestion asubstantiated in Chapters 4 anth®rder to
derive overall findings on the overall research questegarding the energy
performance gap betwe&-Star green ratedommercial buildingsvis-a-vis their
simulatedNZEB performanceandthe desirable pathway towards the adoption

and scaling up oNZEB practicein South Africa.
6.1.1Sub-findings to Sub-question 1

Energyperformancegap between6-Star and NZEBsin South Africa and the

associateatlimatechangemitigation potential

In order to address the sgliestion, one important consideration was a clear
understanding of the climatic conditions of the study area, especially with regard to
varying temperature cycle (daily, seasonal and annual cycles). Psychrometric chart
analyses for Pretoria gave insight on opportunities for achieving thermal comfort

by passive thermal control strategies and interventions.

The analyses indicated that thesayn of buildings in the study area would attain a
thermal comfort of an average of 39% on an annual basis and on full optimization
of passive design strategies, the overall energy loads would be reduced leading to a
thermal comfort of about 83% annuallowever, a further reduction of the energy

load is also achievable by means of plug load and motion sensors. Based on this, a
performance gap of about 17% between tHsta rated DEAuilding and a NZEB

of the same size in Pretoria was derived.

Based o full optimization of passive design and energy efficiency stratdgies
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tool simulation results indicate that a NZEB of the same size (and for the same
climatic zone) would achieve an enefggrformance level of 45kWimP/yr. This
translates to 599 (1 839142.01kWh/yr)savings orstatus quo performanad

an energyefficiencyperformanceap of 67kWh/r¥yr. The simulation results also
showed that the payback period of both g/pkinvestmentwould be5-years for

the 6star rated versusonventional building and-years for theNZEB versus 6

star rated building

The buildingcan therefore feasiblgttain a NZE ratingsince reliance on non
renewable source of energy@n be reduced to zer@he energyneeals would
therefore benetthroughpassive design strategies and reliance on renewable source
(roof-top solarPV) for the generation of thenergybalancewhich wasestimated
to be 4xWh/nm?/yr. The key suHinding for the subguestion isthat an energy
efficiency performancegap of 67kWh/nt/yr does exist between adBar rated

model versus AIZEBsversion of the building
6.1.2Sub-findings to Sub-question 2
Costsavingsassociatedvith 6-starand NZEBs

The 6star rated building as well as the NZEB were deemed to perform well in terms
of their energy efficiency while also facilitating cestvings. The energy
performance and coeshving potential depends on the level of passive and active
interventionsmplemented on the-&tar and NZEB respectively.

The cost savings are mostly dependent on the utidist. Based on tHedgetool
simulation, a cossaving estimate of R 2Q41.68 /Monthl§ased on costnnual
energyconsumption reduction saviegf R 2413700.16/yr.) was derived. The
derivation of the payback period of both buildings was based oBdbeTool
using the simple payback formulgheresimple payback period ¥Co/ CF1 as
pointed out in Section 5.2 he estimateghayback periods between4 years for
the 6-star toNZEB interventionsand5 years for the&eonventional t®-star rated

building interventions

With respect to the costving potential, the study finds that due to the level of
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technology utilized in both building types, tbest associated with these buildings
are relatively higher than the cost of a notidBANS 204building (hence the cost
premium principle)In response to the overall research questttmNZEB would
however provide improved thermal comfort at loweergyuse intensity than the
6-star rated building due to full optimization of passive design strat¢igezsby
creating the performance gap between tiséaé and NZEBs

6.1.3Sub-findings to Sub-question 3

Addressing technicaarketand costbarriers from 6-starto NZEBsenhancement

practices

Even though NZEBs can be theoretically demonstrated to be efficient in terms of
energydemand and thermal comfort performance, their adoption andigcaie

the property markets inhibited by a complex set of barriers which hinder
implementation in practice. The barriers include higher constructiors, cost
inadequate government policies and regulations for eraffgyent/NZE

buildings.

The study finds thahadequateelevantskills and expertise acreshe construction
sector as well amadequat&nowledge of the rapidly evolving technologaswell
asuncertainty about the performance of the new technologies has been a major
barrier Training of professionalsand other stakeholders (such as workers
responsible for the execution of-gite activitiesjn NZEB design and construction
would thus empowerthe actorsin terms of design and decisiemaking on
innovations andechnologies towards achieving NZEBhe absence of this kind of
interventionis likely to translate intacost increasesnadequate optimizationf
strategies as well as econominderperformance of the building and may also
result in norintegrated design process thaiwid in turn serveas disincentivdor

further adoption and diffusioriThe study also found that lack of knowledge or
experience in the control systems and in new technologies by the operation and

maintenance staff may generate unexpected costs in operation and maintenance.

Inadequate government policies and regulations for ereffigyent/NZEBs was

also noted from the study as a barrier and it was found that government has a
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significant role towards ensurirrgsponsive and up to date policies in support of
pursuingNZEBs gals. Addressing this barrier requires government to provide
stable and continuing poliagformson energy efficiency at national and regional
levels as well as creating roadmaps at regional lametllaboration withall
stakeholderslt was noted thaly taking the leaéndalso providingincentives to
support the pursuit of NZERgvernmentould assist in creating public and builder
awareness of the benefits associated with NZEBs.

6.1.4Sub-findings to Sub-question 4
Desirablepathwayfrom voluntaryto mandatoryNZEBsfor South Africa

Policy initiatives are crucial towards ensuring the transition from the status quo
voluntary implementation of NZEBs to a mandatory regime. As pointed out earlier,
this pathway has been adopteddeyeralcounties to ensure compliance towards

the goal of reducing GHG emissions through lowering enesgyin buildings.

Such policy initiatives must bermiedded into lawcouded with systematic
regulationgo ensure compliance by all in design, construction and management of
buildings towards achieving NZE performance.ilMtiSouth Africa currently has

a policy framework and regulations on energy efficiency for new buildings, this has
not yet translated inta bold policy on NZBs across new and existing building
subsectors To actualize this, it is essential that a roadmap is developed with clear
targets towards NZERBerformance within a set tirfeorizon.

6.2 Consolidation of subfindings into overall findings and conclusion

The study primarily focused on assessing the energy efficiency gap bet@tan 6
ratedbuildings versutNZEBs for South Africa. As part of the study objectives, the
study assessed the effects fafl optimization of passive design @nenergy
efficiency strategie®n the final energyise of a commercial building, the cost
savings as well as barriers aresponsivepolicy pathways towards energyge
reductionthrough NZEBs

Secondary datan case study buildinghow thatthd ui | di ngés st atus (¢

use intensityis 112kWhm?/yr. Within the temperatiterior climatic zone for
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Pretoria (as per energy efficiency regulations for buildings in South Africa),
psychometric chart analgs showed thatt a 6star rating,the buildng had
achieved full optimization of passive design interventioreative to thermal

comfort

Edgetool simulation results on full optimization of passive design and energy
efficiency interventions indicate that an NZEB of the same size could achieve an
energy performance level of 45kWitilyr, thus revealing an energy performance
gap of 67kWh/r¥yr. This translates to 60% savingsmpared to the status quo 6

star performance of 876 291kWh/yr. Assessment of reafea for solar PV system
indicated it isadequate fogeneratinghe energy balance towards a NZERe
analy®s carried out in the study clearly demonstrates Wigh full optimization of
passive design and energy efficiency strategiedNZEB in theclimatic zone for
Pretoria can achieve a significantly improved energy performance when compared

to a 6star ratedgreenbuilding.

In addition to energyise reduction, the studgstablishedhat within a NZEB

model, the DEABuilding would achieve a cost saving oflR604604.80yr based

on utility cost reduction as derived froftgetool simulation (sedable 10. The
costsavings were then applied towards the assessment of simple payback period
per intervention which showed years for tenant lighting, 3 years for tenant
equipment(PPLs) and 5 years for PVinstallation. The findings indicate that
payback period fomost of the interventiorosts for migration to NZEB fall within

the acceptable range for South African investors (a majority of whom would accept
a maximum of 3 to 5 years). Bearing in mind thattédhnology costs are expected

to continue declining, pdack period for PMnstallation can be expected to fall

within the acceptable rangé 3-5-yearsin anothels to 10-years.

The study further identified that the adoption and implementation of policy at
national and regional government levels would be aompjerequisite for
ensuring that NZEBs become mandatory rather than voluntaey.study also
identified that the principles okfting energy targets, designing and building to
the set target, as well as monitoring and diagnosis during operational phase

constitutes a major factor towards achieving consistency in NZ&®rmance.
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The study found that the energy use of the building largely depends on the
equipment usednd that most of the equipmenth DEA Building are not EPA

rated, thucontribuingl ar gely t o the buil dingds ener
for all tenant equipment to be ERAted primarily through mandatory equipment
energyconsumption standards similar national level regulationwould thus
constitute a key element tovdsrensuring the attainment of NZg@rformance.

The study also established that the process of powebdckto the gridis crucial
towards attaining and maintaining the NZ4gBrformance and as such, respective
power utilities as well as the relevant mzipal distributors should be engaged to
support the initiatives in order to offset energy usageh credit for energy
exported to the grich order to furthemcentivize NZEBs.

In conclusion, a clear energerformance gap does exist as perahalysis and
based on the case study, a gap of 67kivfyr has been indicated for this case
and this accounts for a need to purse the agenda for the adoption andigzaling
NZEB practicein South Africa.

6.3 Recommendation for further research

Based on the analysis of energy performance and all other indrgita from the
study, further research is neededwaods aligning the built environment
professiona, government and the general public toward a concerted effort in
advancing the target of achievilMZE in all existing and newbuildings. This
section highlights the key issues identified for further research. The

recommendations are based on the followieg issues:

=

Policy framework

]

Coverage of other climatic zones of South Africa

=

Improved data on cost of NZEBs

=

Impact of local materialenthe overall cost of NZEBs.

With regard to policy framework, the study looked into various policies that are

paving tle way for the adoption and implementation of the concept of NZEBs in
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other countries. Further research is therefore required towards evolving more
specific policies and regulations for the adoption and implementation of NZEBs in
South Africa. Such studiegould highlight the best pathway for the adoption of

energy efficiency frameworks towards mandatory NZEBs standards and

regulations.

On climatic zones, whereas the temperaterior climatic zone has been the focus

of this study, energy efficiency regtitans for buildings in South Africa recognizes

a total of six (6) climatic zones. To ensure a country wide adoption of the NZEB
concept, it is imperative that similar studies are carried out in the other climatic
regions in order to consolidate a more coamgnsive perspective of viability across
the different zones.

Further studies would also be needed towards a clear understanding of the actual
cost of NZEBs as most of the available data are based on extremely few cases of
constructed NZEBs which do nallow for generalizations across diverse countries
and regions. The absence of such systematic data has been one of the main
limitations of this study as this has impact on decisions regarding the initial
investment cost as well as assessing the paybamdp®©n payback period, it is
recommended that detailed studies be carried out based on payback period per
intervention rather than a payback period of the entire development. Such studies
would ensure that cumulative data per intervention are systettyaticcked
thereby easing viability assessment by developers and investors as well as the
design professionals. Such studies could also extend into the more comprehensive

full life -cycle cost analyss within specificclimatic zones

The implementation dNZEBs in South Africao dateheavily relies on imported
equipment and technologies. This has direct impact on the total construction cost as
well as overall viability of NZEBs. Further research towards relatednaibigfation
through localized materials, equipment and technologieddwiberefore play a
major role towards expediting the adoption of NZEBs practice in the country.
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Appendix A:

Electricity maximum demand/electricity consumption target and onsite renewable target
Electricity Maximum Demand
As defined in the energyonsumptiorbaseline model and as defined in BleRAgreemento be 3155000Wh/yr

The chart below indicates the contractual obligation target compared to the actual performance accumulated on a monthly basis

Electricity Maximum Demand Target
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B Target Kwh/Month Accumulated 262917 | 525833 | 788750 | 1051667 | 1314583 | 1577500 | 1840417 | 2103333 | 2366250 | 2629167 | 2892083 | 3155000
I Actual Usage Kwh/Month Accumulated 229879 | 441248 | 650631 | 858787 | 1074577 | 1303424 | 1584792 | 1913960 | 2268749 | 2583935 | 2842540 & 3076291

[ Previous year Actual Usage Kwh/Month Accumulated (2015/2016) | 213 309 406 002 634 883 847168 1070516 1273359 1549 685 1901795 | 2261460 | 2483459 2670902 | 2872038
[ Previous year Actual Usage Kwh/Month Accumulated (2016/2017)| 224184 407335 595867 792971 996540 1168352 1496748 1872215 2187850 2488849 2744711 3028042

Items tonote: The maximum energy demandnsumption is within the demand target.
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Electricity Maximum Demand Target

Year Month Solar Usage | Council Total Usage | Actualusage | Target Target Previous Year| Previous Year
(kwh) Usage (kwh) | (kWh) kWh/month kWh/month kWh/month Actual Usage | Actualusage
accumulated accumulated | kWh/month kWh/month
accumulated | accumulated
(2015/2016) | (2016/2017)
2017 Nov 43059 186 820 229 879 229 879 262 917 262917 213 309 224184
Dec 36771 174 598 211 369 441 248 262 917 525 833 406 002 407335
2018 Jan 43731 165652 209 383 650 631 262 917 788 750 634 883 595867
Feb 31194 176 962 208 156 858 787 262 917 1051 667 847 168 792971
Mar 37366 178 424 215790 1074 577 262 917 1314 583 1070 516 996540
Apr 31040 197 807 228 847 1303 424 262 917 1577 500 1273 359 1168352
May 34244 247 124 281 368 1584 792 262 917 1840 417 1549 685 1496748
June 30631 298 538 298 538 1913 960 262 917 2103 333 1901 795 1872215
July 27912 326 876 354 788 2268 749 262 917 2366 250 2261 460 2187850
Aug 35455 279 731 315186 2583 935 262 917 2629 167 2483 459 2488849
Sep 39003 219 602 258 605 2842 540 262 917 2892 083 2670 902 2744711
Oct 34406 199 345 233 751 3076 291 262 917 3155 000 2872 038 3028042
2017/2018 | Total for the | 424812 2651479 3076291 3155 000
12-month
period
Formulas:

Target kwWh/mahonth= 3,155000/12
kWh/m2month = solar usage (kVh)/27 422 m?
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Electricity consumption

115kWh/ntlyr of which 10% shall be renewable energy

The chart below indicates the comparison between the targetéaviha2/r consumption and the actual energy consumption accumulated

on a monthly basis.

Electricity Consumption 115 kwh/m%Annum Target

-
o G &
5 5 R
120,00 © B © o 11042
% i) S
100,00 w
80,00
§ 60,00
40,00
20,00
[
2017 2018
2017 2018
Nov Dec Jan Feb Mar Apr May June July Aug Sep Oct
[lTarget Kwh/m?/Month Accumulated 9,58 19,17 28,75 38,33 47,92 57,50 67,08 76,67 86,25 95,83 105,42 115,00
[lAnuaI Kwh/m?/Month Accumulated 838 16,09 23,73 31,32 39,19 47,53 57,19 69,80 82,73 94,23 103,66 112,18
[l Previous year Actual Kwh/m?/Month Accumulated (2015/2016) 7,78 14,81 23,15 29,47 36,33 42,62 51,63 63,49 75,65 82,41 87,95 94,07
Iﬂ Previous year Actual Kwh/m?*/Month Accumulated (2016/2017) 818 14,85 2,73 28,92 36,34 42,61 54,58 68,27 79,78 90,76 100,09 110,42
Axis Title

Items tonote:

1 The electricity consumption of not more than 1\\8kKm24r was under with an actual of 112,18 kwhAm2/
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Electricity Consumption 11kwh/m2/Annum Target

Year Solar Council Total Target Target kwWh/| Target Target Previous Year | Previous Year
Power Usage Usage kWh/Month | m2/Month | kWh/m2/month| kWh/m2/month| Actual Usage | Actual Usage
(kWh) (kWh) accumulated actual kWh/m2/Month | kWh/m2/Month
Usage Accumulated | Accumulated
Month (kwh) (2015/2016) (2016/2017
2017 Nov 43 059 186820 229879 9,58 9,58 8,38 8,38 7,78 8,18
Dec 36771 174598 211369 9,58 19,17 7,71 16.09 14,81 14,84
2018 Jan 43 731 165652 209383 9,58 28,75 7,64 23,73 23,15 21,73
Feb 31194 176962 208156 9,58 38,33 7,59 31,32 29,47 28,92
Mar 37 366 178424 215790 9,58 47,92 7,87 39,19 36,33 36,34
Apr 31040 197807 228847 9,58 57,50 8,35 47,53 42,62 42,61
May 34 244 247124 281368 9,58 67,08 10,26 57,79 51,63 54,58
June 30631 298538 329169 9,58 76,67 12,00 69,80 63,49 68,27
July 27912 326876 354788 9,58 86,25 12,94 82,73 75,65 79,78
Aug 35 455 279731 315186 9,58 95,83 11,49 94,23 82,41 90,76
Sep 39 003 219602 258605 9,58 105,42 9,43 103,66 87,95 100,09
Oct 34 406 199345 233751 9,58 115,00 8,52 112,18 94,07 110,42
2017/2018 Total for 424812 2651 479 | 3076 291 | 115,00 112,18
12-month
period
Formulas:

Target kwh/mahonth = 115kWh/m#/r
Actual kWh/m2month = Actualpowerusage (kWh) / 2A422n?
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Onsiterenewable energy generation 11.5Wh/ma2/yr

The chart below indicates the contractual obligation target compared with the actual performance of the building aconrautabathly

basis.
Onsite Renewable Energy Generation g
1600 I 8 18 q
' 2 o8 foy 2
7 140 SIS o
lé' 12,00 gp’
2.8 °R
g 10,00 5.0 R o
£ 80 A =
- 6
Eﬂ )
_'E 6,00
o
£ 400 o B9y
3 a i
5 d”ﬂﬂ
2,00
NOV DEC JUNE JuLy AUG SEP ocT
2017 2018
2017 2018
Nov Dec Jan Feb Mar Apr May June July Aug Sep Oct
[ Target Solar Kwh/m?/Month Accumulated 0,96 192 2,88 3,83 479 575 6,71 7,67 8,63 9,58 10,54 11,50
W Solar Kwh/m?/Month Accumulated (2017/2018) 1,57 291 451 5,04 7,01 814 9,39 10,50 11,52 12,81 14,24 15,49
[IPrevious year actual Solar Kwh/m?/Month Accumulated (2016/2017) 1,35 2,66 3,9 494 6,31 721 8,36 9,35 10,17 11,36 12,63 14,05
[1Previous year actual Solar Kwh/m?/Month Accumulated (2015/2016) 167 3,29 4,80 6,22 751 8,61 9,68 10,66 11,61 12,95 14,25 15,47

Items to Note:

The renewable energyeneration performance has exceeded the target oNYh&EWAr for the year by 189 RWh/m2ir
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Onsite Renewable Energy Generation

Year Target Solar | Target Solar Solar Solarkwh/m2/ | Previous year Previous yeatr
kwh/m2/ kwh/m2/Month/| kWh/m2/| Month/ actual solar actual solar
Month Accumulated Month Accumulated kwh/m2/Month | kWh/m2/Mo
(2017/2018) accumulated nth
Solar Power (2015/2016) accumulated
Month Usage (kwh) (2015/2016)
2017 Nov 43 059 0,96 0,96 1,57 1,57 1,67 1,35
Dec 36771 0,96 1,92 1,34 2,91 3,29 2,66
2018 Jan 43 731 0,96 2,88 1,59 4,51 4,80 3,96
Feb 31194 0,96 3,83 1,14 5,64 6,22 4,94
Mar 37 366 0,96 4,79 1,36 7,01 7,51 6,31
Apr 31040 0,96 5,75 1,13 8,14 8,61 7,21
May 34 244 0,96 6,71 1,25 9,39 9,68 8,36
June 30 631 0,96 7,67 1,12 10,50 10,66 9,35
July 27 912 0,96 8,63 1,02 11,52 11,61 10,17
Aug 35 455 0,96 9,58 1,29 12,81 12,95 11,36
Sep 39 003 0,96 10,54 1,42 14,24 14,25 12,63
Oct 34 406 0,96 11,50 1,25 15,49 15,47 14,05
2017/2018| Total for 11,50 15,49
12-month
period
Formulas:

Target Solar kWh/m#atonth = 115kWh/m3/r

Solar kWh/mahonth = Solapowerusage (kWh) / 2422m2
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Electricity consumption

115kwWh/m2yr of which 10% shall be renewable energy

The chart below indicates the comparison betweetatigeted (10% renewable energy of the actual consumption) and the actual renewable

consumption accumulated on a monthly basis.

16,00
14,00

» 8 B
= s =

Kwh/m?/Month Accumulated
o
8

Renewable Electricity Consumption - 10% Target

n
s
I
-

12,81

14,25

14,24

15,47
15,49

2017 2018
Nov Dec Jan Feb Mar Apr May June July Aug Sep Oct
B Target 10% of Total Usage Kh/m*/Month Accumulated 0,84 161 237 3,13 3,92 4,75 5,78 6,98 827 9,42 10,37 11,22
IlPrevious year Actual Target 10% of Total Usage Kwh/m?/Month Accumulated (2015/2016) 0,78 1,48 2,32 3,09 3,90 4,64 5,65 6,94 8,25 9,06 9,74 10,47
[leious year Actual Solar Usage Kwh/m?/Month Accumulated (2015/2016) 1,67 3,29 4,80 6,22 7,51 8,61 9,68 10,66 11,61 12,95 14,25 15,47
| Actual Solar Usage Kwh/m?/Month Accumulated 157 291 451 5,64 7,01 8,14 9,39 10,50 11,52 12,81 14,24 1549
|3 Previous year Actual Target 10% of Total Usage Kwh/m?/Month Accumulated (2016/2017) 0,82 149 2,17 2,89 3,63 4,26 5,46 6,83 7,98 9,08 10,01 11,04
]I_Pr‘evious year Actual Solar Usage Kwh/m?/Month Accumulated (2016/2017) 135 2,66 396 49 631 721 8,36 935 10,17 11,36 12,63 14,05
Items to Note:
The renewable electricity consumption for Octoberwag 14% of t he bui l dingds total consumpt.
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Renewable Electricity Consumption10% Target

Council | Total Target | Target 100% | Actual | Actual Previous year | Previous year | Previous year| Previous year
Usage Usage | kWh/ | of Total Usagel kWh/m | Solar Actual Target | Actual Solar Actual Actual Solar
(kwh) (kwh) m2/M | kWh/m2/Mont | 2/Mont | Usage 10% of Total | Usage Target 10% of| Usage
onth h h kWh/m2/ | Usage kWh/m2/Mont | Total Usage | kWh/m2/Mont
Accumulated Month kWh/m2/Mont | h Accumulated | kWh/m2/ h Accumulated
Accumul | h Accumulated (2015/2016) Month ((2016/2017)
Solar ated (2015/2016) Accumulated
Year Usage (2016/2017)
Month | (kwh)
2017 | Nov 43 059 186 820 229879 | 0,84 0,84 1,57 1,57 0,78 1,67 0,82 1,35
Dec 36771 174 598 211 369 | 0,77 1,61 1,34 2,91 1,48 3,29 1,49 2,66
2018 | Jan 43 731 165 652 209 383 | 0,76 2,37 1,59 4,51 2,32 4,80 2,17 3,96
Feb 31194 176 962 208 156 | 0,76 3,13 1,14 5,64 3,09 6,22 2,89 4,94
Mar 37 366 178 424 215790 | 0,79 3,92 1,36 7,01 3,90 7,51 3,63 6,31
Apr 31 040 197 807 228 247 | 0,83 4,75 1,13 8,14 4,64 8,61 4,26 7,21
May 34 244 247 124 281 368 | 1,03 5,78 1,25 9,39 5,65 9,68 5,46 8,36
June 30 631 298 538 329169 | 1,20 6,98 1,12 10,50 6,94 10,66 6,83 9,35
July 27 912 326 876 354 788 | 1,29 8,27 1,02 11,52 8,25 11,61 7,98 10,17
Aug 35455 279731 315186 | 1,15 9,42 1,29 12,81 9,06 12,95 9,08 11,36
Sep 39 003 219 602 258 605 | 0,94 10,37 1,42 14,24 9,74 14,25 10,01 12,63
Oct 34 406 199 345 233751 | 0,85 11,22 1,25 15,49 10,47 15,47 11,04 14,05
2017/| Total for | 424 812 | 2651479 | 3076291| 11,22 15,49
2018 | 12-
month
period
The renewablelectricity consumption for year to date is8® % of t he buil dingds total consumpt:]
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Site Plan Layout

Appendix B

Case study buildingplans (adapted fromer ¢ h i fi absu i@ratviog)
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Ground Floor Layout: Typical for First and Second Floo
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Appendix C

Edge ToolAssessment for &tar rated DEA Building and input data

Subproject NameDEAAcademic Reearch Work

42.14% | 39.40% | 20.52%

Final Energy Use (kWh/Month) Operational coO Savings (
256,730.46 1,286.22

Final Water Use (m3/Month) Embodied Energy Savings (MJ/m?)

2,975.00 681.45

Base Case Utility Cost (ZAR/Month) Incremental Cost (ZAR)

978,806.93 40,889,228.84

Utility Cost Reduction (ZAR/Month) Payback in Years (Yrs.)

412,990.63 5.3

Energy Savings (MWh/Year) Water  Savings  (m3/Year)

2,234.76 16,765.65

Embodied Energy in Materials Savings (GJ) Total Subproject Floor Area (m?)

14,663.42 27,258

CarbonEmi ssions (tCO [/ Year)

1,766.30

ENERGY SAVINGS EDGE ADVANCI

Energy Efficiency Measures 42.14%

Meets EDGE Energy Standard

Annual energy of 6tar rated DEA building energy use in operational
phase

250

200 2

150

100

50

Notional Building

0,05

6-star rated DEA building

(Operational Data)

H Tenant Equipment mLighting m Others

Pump Energy m Fan Energy m Cooling Energy mHeating Energy
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Energy Efficiency Measures 42.14%

OFEO1 Reduced Window to Wall Rati&®VWR of 30%

OFEO02 Reflective Paint/Tiles for Roefolar Reflectivity (albedo) of 0.7
OFEO03 Reflective Paint for External WallSolar Reflectivity (albedo) of 0.7

OFEO04 External Shading Devicéanual Average Shading Factor

(AASF) of 0.61

AASF 0.61

OFEO05 Insulation of Roof ~vdlue of 0.2

W/m2.K 0.2
OFEO06 Insulation of External Wallsvdlue of 0.3

W/m2.K 0.3
OFEOQ7 Lovz Coated Glass \dlue of 3 W/m2.K and SHGC of 0.45

OFEO08 Higher Thermal Performance Glaswvalde of 1.5 W/m2.K and
SHGC of 0.32

W/m2.K 1.5 SHGC 0.32
OFEO09 Natural Ventilation with Operable Windows and No A/C

OFE10 Ceiling Fans for Office Spaces
OFE11 Variable Refrigerant Flow (VRF) Cooling Sy§&t&i 08.5
OFE12 Air Conditioning with Air Cooled Screw Chit&@P of 3.3

OFE13 Air Conditioning with Water Cooled Chille@®P of 6.71

OFE14 Ground Source Heat Pw@®OP of 5.2

OFE15 Absorption Chiller Powered by Waste HE&QP of 0.7 OFE16
Radiant Coolig and Heating SystenCOP of RC 7.19

120

OFE17 Recovery of Waste Heat from the Generator for Space Heatin

OFE18 Variable Speed Drives on the Fans of Cooling Towers

OFE19 Variable Frequency Drives in AHUs

OFE20 Variable Speed Drives Pumps

OFEZ21 Sensible Heat Recovery from ExhausEfficiency of 60%
OFE22 Higkfficiency Boiler for Space Heatigfficiency of 90%
OFE23 Air Economizers DurkfayorableDutdoor Conditions

OFE24 Energyaving Light Bulbdnternal Spaces

OFE25 Energyaving Light Bulb€External Spaces

OFEZ26 Lighting Controls for Corridors and Staircases

OFE27 Occupancy Sensors in Bathrooms, Conference Rooms, and Cl
Cabins

OFE28 Occupancy Sensors in Open Offices

OFE29 Daylight Photoelectric Sensors for Internal Spaces
OFE30 Solar Photovoltaic85% of Total Energy Use
OFE31 Other Renewable Energy for Electricity Generation

OFE32 Offsite Renewable Energy ProcuremEiual to 100% of total
Operational CO2

OFE33 Carbon Offset00% of Total QO



Appendix D

Edge ToolAssessment DEA NZEB and input data

Subproject NameDEA Research Final 2020 67% | 46.53% | 21.06%
Results
Final Energy Use (kWh/Month) Operational ( tCOO /SYaevairn)gs
103,095.74 1,177.27
Final Water Use (m3/Month) Embodied Energy  Savings
2,441.84 (MJ/m2) 699.47
Base Case Utility Cost (ZAR/Month) Incremental Cost (ZAR)
412,990.63 41,098,476.40
Utility Cost Reduction (ZAR/Month) Payback in Years
367,720.94 (Yrs.) 4.
Energy Savings (MWh/Year) Water Savings (m3/Year)
1,839.44 18,413.42
Embodied Energy in Materials Savings (GJ) Total Subproject Floor Area
15,051.11 (m2) 27,258
Carbon Emissions (tCO [/ Yea
730.70
ENERGY SAVINGS EDGE ADVANCI
Energy Efficiency Measures 67% Meets EDGE Energy Standard
120 1,4

100

80

60

40

0,05

20

DEA-6 star (Actual) DEA- nzet zero (Modelled) Solar PV Generation

H Tenant Equipment mLighting m Others Pump Energy mFan Energy mCooling Energy mHeating Energy
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Energy Efficiency Measures 67%

OFEO1 Reduced Window to Wall RatWR of 30%

OFEO2 Reflective Paint/Tiles for Ro8blar Reflectivity (albedo) of 0.7

OFEO03 Reflective Paint for External Welislar Reflectivity (albedo) of 0.7

OFEO04 External Shading Devicéanual Average Shading Factor
(AASF) of 0.61

AASFO.61

OFEO05 Insulation of Roof:value of 0.2

wimz, K0.2

OFEO06 Insulation of External Wallsv&lue of 0.3

wimz. K0.3

OFEOQ7 Lo¥E Coated Glass:\lue of 3 W/m2.K and SHGC of 0.45

OFEO08 Higher Thermal Performance Glassalue of 1.5 W/mz2. K and
SHGC of 0.32

wimz, k1.5 SHG®.32
OFEO09 Natural Ventilation with Operable Windows and No A/C
OFE10 Ceilingahs for Office Spaces

OFE11 Variable Refrigerant Flow (VRF) Cooling Sy§texa of 4

cor
OFE12 Air Conditioning with Air Cooled Screw Chil&P of 3.3

OFE13 Air Conditioning with Water Cooled Chil@®P of 5.39
OFE14 Ground Source H&atmp- COP of 5.2
OFE15 Absorption Chiller Powered by Waste HE&P of 0.7

OFE16 Radiant Cooling and Heating Syste@P of RC 4
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OFE17 Recovery of Waste Heat from the GenerdteaforgSpace

OFE18 Variable Speed Drives on the Fans of Cooling Towers

OFE19 Variable Frequency Drives in AHUs

OFE20 Variable Speed Drives Pumps

OFE21 Sensible Heat Recovery from ExhausEfficieny of 60%

OFE22 Higkfficiency Boiler for Space Heatirlfficiency of 90%

OFE23 Air Economizers During Favourable Outdoor Conditions

OFE24 Energyaving Light Bulbdnternal Spaces

OFE25 Energgaving Light Bulb€External Spaces

OFEZ26 Lighting Controls for Corridors and Staircases

OFE27 Occupancy Sensors in Bathrooms, Conference Roon®psed
Cabins

OFE28 Occupancy Sensors in Open Offices

OFE29 Daylight Photoelectric Sensors for Internal Spaces

OFE30 Solar Photovoltaic§0% of Total Energy Use

OFE31 Other Renewable Energy for Electricity Generation

OFE32 Offsite Renewable EnergycBrement- Equal to 100% of total
Operational CO2.

OFE33 Carbon Offsetr n &2 2F ¢ 20GFt / hi



Appendix E

Table for predicted energy use of DEA Building

Notional Notional Notional [6-Star Rated |6-Star Rated |6-Star
SANS 204 |SANS 204 [SANS [Building Building Rated
Building Building 204 (Predicted) |(Predicted) Building
Operational| Operational
Energy Use| Energy Use| % of Modelled Modelled % of
KWhAY KWh/m?/ Energy Use | Energy Use £
car miyear| energy | ywhiyear | kWhim?year | ="'
2017/2018 use for net zero use
Fuel CO2 1.2 1.2 1.2 1.2 1.2 1.2
Factor
Heating 55 008 2.0 1.1 41 937 1.5 1.3
Cooling & Heall 271 869 [46.7 24 178 804 6.6 5.7
Rejection
Pumps 231279 8.5 4.4 4 965 0.18 0.15
Fans 523 252 19 10 152 481 5.6 4.9
Extractand |92 314 3.4 1.8 32 996 1.2 1.1
Miscellaneous
Non-Tenant (278 468 10.2 5.2 71571 2.6 2.3
Area Lighting
Car Park 126 918 4.7 2.4 38 936 1.4 1.2
Lighting
External 90 156 3.3 1.7 31 580 1.2 1.0
Lighting
Lifts 29 781 1.1 0.6 45 970 1.7 1.5
Domestic Hot |58 832 2.2 1.1 27 915 1.0 1.0
\Water
Lighting 1017 190 [37.3 19.3 1017 190 37.3 32.5
Tenant
Small Power (1356 705 [49.8 26 1356 705 49.8 43.3
(Tenant)
Supplementan127 187 4.7 2.4 130 620 4.8 4.2
Cooling
(Tenant)
SUB TOTALS 5259 959 (193 100 3134 670 115 100
(kWh/Year)
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Appendix F

Climate analysis-Pretoria and Psychometric chart, January to December

(adapted from Climate Consultants)

F-GraphA
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Pretoria psychometric chartFJanuary

PSYCHROMETRIC CHART LOCATION: Pretoria, -, -
ASHRAE Standard 55-2004 using PMV Latitude/Longitude: 25 75° South, 28 233° East, Time Zone from Greenwich 2
Data Source: MN7 682620 WMO Station Number, Elevation 1369 m
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Chart based on climatic influence only

PSYCHROMETRIC CHART LOCATION: Pretoria, -, -
ASHRAE Standard 55-2004 using PMV Latitude/Longitude: 25.75° South, 28.233° East. Time Zene from Greenwich 2
Data Source: MN7 682620 WMO Station Number, Elevation 1369 m
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Chart based on climate and full optimization of passive design strategies

Psychrometric chaf-2-February

PSYCHROMETRIC CHART LOCATION: Pretoria, -, -
ASHRAE Standard 55-2004 using PMV Latitude/Longitude: 2575° South, 28 233° East, Time Zone from Greenwich 2
Data Source: MN7 682620 WMO Station Number, Elevation 1369 m
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Chart based on climatic influence only

PSYCHROMETRIC CHART LOCATION: Pretoria, -, -
ASHRAE Standard 55-2004 using PMV Latitude/Longitude: 25.75° South, 28.233° East, Time Zone from Greenwich 2
Data Source: MN7 682620 WMO Station Number, Elevation 1369 m
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Chart based on Climate and full optimization of passive design strategies

Psychrometric chaf-3-March

PSYCHROMETRIC CHART LOCATION: Pretoria, -, -
ASHRAE Standard 55-2004 using PMV Latitude/Longitude: 25.75° South, 28.233° East, Time Zone from Greenwich 2
Data Source: MN7 682620 WMO Station Number, Elevation 1369 m
LEGEND RELATIVE HUMIDITY 100% 80%
COMEORT INDOORS DESIGN STRATEGIES: MARCH
325% 1 Comfort{242 hrs) e 078
33% [ COMFORTABLE 2 Sun Shading of Windows(0 hrs) 0, 3
67% [l NOT COMFORTABLE
5 Direct Evaporative Cooling(0 hrs) 024
6 Two-Stage Evaporative Cooling(0 hrs)
7 Natural Ventilation Cooling(0 hrs) WET-BULB
8 Fan-Forced Ventilation Cooling{D hrs) TEMPERATURE
9 Internal Heat Gain(0 hrs) DEG.C 55 25020
10 Passive Solar Direct Gain Low Mass{0 hrs) z i
11 Passive Solar Direct Gain High Mass(0 hrs) g
12 Wind Protection of Outdoor Spaces(0 hrs) E—
13 Humidification Onhky{0 hrs) 010 o
PLOT: | COMFORT INDOCRS v 14 Dehumidification Onty(0 hrs) 2 i E
15 Cooling, add Dehumidfication if needed(0 hrs) = 07 z
® Hourly O Daily MinjMax 16 Heating, add Humidification if needed(0 hrs} = g
= =
(® All Hours (O Select Hours 32.5% Comfortable Hours using Selected Strategies £ 012 2
P -8
tam, through | 12 2.m. (242 out of 744 hrs) E 154
. a
() All Months (@) Select Months Comfort Zones show:
Summer clothing on right,
MAR ~ | through  MAR ~ _ 008
Winter clothing on left. 10 A
(O 1 Month | 14N Next
() 10ay 1 Next 5 5
1H lam. Next
() 1Hour | 1a.m. fex o 1 04
TEMPERATURE RANGE: 5 51
@® -10tw40°c () FittoData -10
Display Design Strategies
-10 -5 1] 5 10 15 20 25 30 35 40
[[] show Best set of Design Strategies DRY-BULE TEMPERATURE, DEG. C
Click on Design Strategy to select or deselect. Mext
PSYCHROMETRIC CHART LOCATION: Pretoria, -, -
ASHRAE Standard 55-2004 using PMV Latitude/Longitude: 25.75° South, 28.233° East, Time Zone from Greenwich 2
Data Source: MN7 682620 WMO Station Number, Elevation 1369 m
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Chart based on climate and full optimization of passive design strategies
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Psychrometric chaf-4-April

PSYCHROMETRIC CHART LOCATION: Pretoria, -, -
ASHRAE Standard 55-2004 using PMV Latitude/Longitude: 25.75° South, 28.233° East, Time Zone from Greenwich 2
Data Source: MN7 682620 WMO Station Number, Elevation 1369 m
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PSYCHROMETRIC CHART LOCATION: Pretoria, -, -
ASHRAE Standard 55-2004 using PMV Latitude/Longitude: 25 75° South, 28 233° East, Time Zone from Greenwich 2
Data Source: MN7 682620 WMO Station Number, Elevation 1369 m
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Chart based on climate and full optimization of passive design strategies
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Psychrometric chaf-5-May

PSYCHROMETRIC CHART LOCATION: Pretoria, -, -
ASHRAE Standard 55-2004 using PMV Latitude/Longitude: 25.75° South, 28.233° East, Time Zone from Greenwich 2
Data Source: MN7 682620 WMO Station Number, Elevation 1369 m
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PSYCHROMETRIC CHART LOCATION: Pretoria, -, -
ASHRAE Standard 55-2004 using PMV Latitude/Longitude: 25 75° South, 28 233° East, Time Zone from Greenwich 2
Data Source: MN7 682620 WMO Station Number, Elevation 1369 m
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Psychrometric chaR-6-June

PSYCHROMETRIC CHART LOCATION: Pretoria, -, -
ASHRAE Standard 55-2004 using PMV Latitude/Longitude: 25.75° South, 28.233° East, Time Zone from Greenwich 2
Data Source: MN7 682620 WMO Station Number, Elevation 1369 m
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Psychrometric chaR-7-July
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PSYCHROMETRIC CHART
ASHRAE Standard 55-2004 using PMV

LOCATION: Pretoria, -, -
Latitude/Longitude: 2575° South, 28 233° East, Time Zone from Greenwich 2

Chart based on

PSYCHROMETRIC CHART
ASHRAE Standard 55-2004 using PMV

climatic influence only
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Data Source: MN7 682620 WMO Station Number, Elevation 1369 m
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(O All Manths (@) Select Months Comfort Zones show: 1
m tvouch [ Summer clothing on right,
¢ Winter clothing on left. 10 10 {008
(O 1Month 1AM Mext
() 1Day 1 Next 5
1H: tam. Next
(O 1Hour am ex 004
TEMPERATURE RANGE: 54
@ -10t0o40°C (O FittoData -0
Display Design Strategies
) . 15 35 10
[ Show Best set of Design Strategies DRY.BULB TEMPERATURE, DEG. C
Click on Design Strategy to select or deselect. Next

Latitude/Longitude: 2575° South, 28 233° East, Time Zone from Greenwich 2

LEGEND

COMFORT INDOORS
72% [l COMFORTABLE

28% [l NOT COMFORTABLE

PLOT: |COMFORT INDOORS ~
@) Hourly () Daily Min/Max
@ All Hours () Select Hours
ta.m. through | 12a.m.
) All Manths (@) Select Months
BTR w| through |JUL -
() 1Month | 1AM Next
(O 1Day 1 Next
(O 1Hour [1am. Next

TEMPERATURE RANGE:
@® 0w (O FittoData

Display Design Strategies

[[] Show Best set of Design Strategies

Chart based on

Data Source: MN7 682620 WMO Station Number, Elevation 1369 m
RELATIVE HUMIDITY 100% 80%
DESIGN STRATEGIES: JULY
5.4% 1 Comfort{40 hrs) i 028
0.4% 2 Sun Shading of Windows(3 hrs) 3 30
5 Direct Evaporative Cooling(D hrs) 024
6 Two-Stage Evaporative Cooling(0 hrs)
WET-BULB
8 Fan-Forced Ventilation Cooling{0 hrs) ;‘é’é"’g“‘“”“‘g
36.6% 9 Internal Heat Gain{272 hrs) : .’25 254 120
32.1% 10 Passive Solar Direct Gain Low Mass{239 hrs) : i
33.1% 11 Passive Solar Direct Gain High Mass{246 hrs) g
12 Wind Protection of Outdoor Spaces(0 hrs) &'
13 Humidification Oniw(0 hrs) 016
14 Dehumidification OnhA{0 hrs) 20 E
15 Cooling, add Dehumidfication if needed{0 hrs) = 0
16 Heating, add Humidification if needed{0 hrs) =
=
72.4% Comfortable Hours using Selected Strategies 012
(539 out of 744 hrs) 1 % -
Comfort Zones show: / 1 =
Summer clothing on right,
Winter clothing on left. 10 008
[ °]
= 004
5
K 10
-10 -5 0 5 10 15 20 25 30 35 40
DRY-BULB TEMPERATURE, DEG. C
Click on Design Strategy to select or deselect. Next
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PSYCHROMETRIC CHART LOCATION: Pretoria, -, -

ASHRAE Standard 55-2004 using PMV Latitude/Longitude: 25.75° South, 28.233° East, Time Zene from Greenwich 2
Data Source: MN7 682620 WMO Station Number, Elevation 1369 m
LEGEND RELATIVE HUMIDITY 100% 80%
COMFORT INDOORS DESIGN STRATEGIES: AUGUST
10.2% 1 Comfort(143 hrs) e 28
19% [ COMFORTABLE 2 Sun Shating of Windows{0 hrs) 30 30
81% I NOT COMFORTABLE
5 Direct Evaporative Cooling(0 hrs) lmn
6 Two-Stage Evaporative Cooling{0 hrs)
7 Natural Ventilation Cooling(0 hrs) WET-BULB
8 Fan-Forced Ventilation Cooling(0 hrs) ;E';‘PCER"T”RE
9 Internal Heat Gain{0 hrs) : 25 254 120
10 Passive Solar Direct Gain Low Mass(0 hrs) : i
11 Passive Solar Direct Gain High Mass(0 hrs) =
12 Wind Protection of Outdoor Spaces(0 hrs) E’
13 Humidification Onhy(0 hrs) G o
PLOT: COMFORT INDOORS w 14 Dehumidification OnhA0 hrs) 20 é 5
15 Cooling, add Dehumidfication if needed(0 hrs) = 0 =
@) Hourly () Daily Min/Max 16 Heating, add Humidification if needed(0 hrs) = 5
= =
(®) All Hours (O Select Hours 19.2% Comfortable Hours using Selected Strategies = 012 2
[
1am. through  [12am. (143 out of 744 hrs) 15, E 15
. a
(O All Months (®) Select Months Comfort Zones show: 1
Summer clothing on
AUG v | through AUE v N 008
Winter clothing on left, p 107"
(O 1Month JAN Next . -
(O 1Day 1 Next 5
1H la.m. Next
(O 1Hour  1am. ex 004
TEMPERATURE RANGE: 54
@® -10to40°C (O FittoData -10
Display Design Strategies
35 40
[ show Best set of Design Strategies DRY-BULB TEMPERATURE, DEG. C
Click on Design Strategy to select or deselect. Next
PSYCHROMETRIC CHART LOCATION: Pretoria, -, -
ASHRAE Standard 55-2004 using PMV Latitude/Longitude: 25.75° South, 28.233° East. Time Zone from Greenwich 2
Data Source: MM7 682620 WMO Station Number, Elevation 1369 m
RELATIVE HUMIDITY 100% 80%
LEGEND
DESIGN STRATEGIES: AUGUST
COMFORT INDOORS 19.2% 1 Comfort{143 hrs} o 028
#3% I COMFORTABLE 54% 2 Sun Shating of Windows(40 hrs) 30 g |
17% [ NOT COMFORTABLE
5 Direct Evaporative Cooling(0 hrs) 024
6 Two-Stage Evaporative Cooling(0 hrs)
0.9% 7 Natural Ventilation Cooling(7 hrs) WET-BULB
8 Fan-Forced Ventilation Cooling(0 hrs) ;EZP(ERATURE
45.4% 9 Internal Heat Gain{338 hrs) : -’2 251 nog
18.1% 10 Passive Solar Direct Gain Low Mass{135 hrs) z i
35.3% 11 Passive Solar Direct Gain High Mass{263 hrs) g
12 Wind Protection of Outdoor Spaces(0 hrs) Eh
13 Humidification Oniw(D hrs) 016
PLOT: COMFORT INDOORS ~ 14 Dehumidification Onhy0 hrs) 20 2 E
15 Cooling, add Dehumidfication if needed{D hrs) £ 0 ?__
(®) Hourly O Daily Min/Max 16 Heating, add Humidification if needed(0 hrs) = 5
= =
@ All Hours () Select Hours £3.3% Comfortable Hours using Selected Strategies 012 2
[
1a.m. through | 12a.m. (620 out of 744 hrs) E 154
- a
() All Months (®) Select Months Comfort Zones show:
Summer clothing on right,
AUG v through AUG v i 008
‘Winter clothing on left. 10
() 1Month  JAN Next
(O 1Day 1 Next 54
1H; la.m. Next
(O 1Hour a.m. ex u -~ oos
TEMPERATURE RANGE: 5
@ -10te40°C () FittoData RUE
Display Design Strategies
-10 -5 (1] 5 10 15 20 35 40
[[] Show Best set of Design Strategies DRY-BULB TEMPERATURE, DEG. C
Click on Design Strategy to select or deselect. Next
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PSYCHROMETRIC CHART LOCATION: Pretoria, -, -

ASHRAE Standard 55-2004 using PMV Latitude/Longitude: 2575° South, 28 233° East, Time Zone from Greenwich 2
Data Source: MN7 682620 WMO Station Number, Elevation 1369 m
LEGEND RELATIVE HUMIDITY 100% 80%
COMFORT INDOORS DESIGN STRATEGIES: SEPTEMBER
32.8% 1 Comfort(236 hrs) ol 028
33% [ COMFORTABLE 2 Sun Shading of Windows(0 hrs) 30 3¢
67% [ NOT COMFORTABLE
5 Direct Fvaporative Cooling(0 hrs) 024
6 Two-Stage Evaporative Cooling(0 hrs)
7 Natural Ventilation Cooling{0 hrs) WET-BULB
£ Fan-Forced Ventilation Cooling{0 hrs) ;E’SPSR"TURE
9 Internal Heat Gain(0 hrs) . 25 254 020
10 Passive Solar Direct Gain Low Mass(0 hrs) : i
11 Passive Solar Direct Gain High Mass(D hrs) =]
12 Wind Protection of Outdoor Spaces{0 hrs) E‘
13 Humidification Onha{0 hrs) 006 a
PLOT: |COMFORT INDOORS ~ 14 Dehumidification Onhy(D hrs) 20, ] E
15 Cooling, add Dehumidfication if needed(0 hrs) 5 0 ?__
(®) Hourly O Daily Min/Max 16 Heating, add Humidification if needed(0 hrs) = 5
= =
(@) Al Hours () Select Hours 32.8% Comfortable Hours using Selected Strategies = 012 2
-
1a.m. through | 122.m. {236 out of 720 hrs) 15 e E 15
P
. =]
(O All Manths (@) Select Months Comfort Zones show: 1
Summer clothing on right,
SEP ~ | through |SEP ~ - g 008
‘Winter clothing on left. i - 107
(O 1Month | 1AM Next . 5 S
() 1Day 1 MNext 5
1H: 1a.m. Next
(O 1Hour am ex 004
TEMPERATURE RAMNGE: 5
@ -10to40°C () FittoData -10
Display Design Strategies
40
[ Show Best set of Design Strategies DRY.BULB TEMPERATURE, DEG. C
Click on Design Strategy to select or deselect. Mext
PSYCHROMETRIC CHART LOCATION: Pretoria, -, -
ASHRAE Standard 55-2004 using PMV Latitude/Longitude: 2575° South, 28 233° East, Time Zone from Greenwich 2
Data Source: MN7 682620 WMO Station Number, Elevation 1369 m
LEGEND RELATIVE HUMIDITY 100% 80%
COMFORT INDOORS DESIGN STRATEGIES: SEPTEMBER
32.8% 1 Comfort(236 hrs) T 028
93% [l COMFORTABLE 15.6% 2 Sun Shading of Windows(112 hrs) 0, 39
7% [ NOT COMFORTABLE
5 Direct Evaporative Cooling(D hrs) 024
6 Two-Stage Fraporative Cooling(0 hrs)
3.5% 7 Natural Ventilation Cooling(25 hrs) WET-BULB
© Fan-Forced Ventilation Cooling{0 hrs) ;E'EPCERMURE
44.4% 9 Internal Heat Gain(320 hrs) B ’2 254 pop
6.3% 10 Passive Solar Direct Gain Low Mass{45 hrs) : i
28.9% 11 Passive Solar Direct Gain High Mass{208 hrs) =]
12 Wind Protection of Outdoor Spaces(0 hrs) &'
13 Humidification Oniw(0 hrs) 016 2
PLOT: | COMFORT INDOCRS ~ 14 Dehumidification Onhy(0 hrs) n H i E
15 Cooling, add Dehumidfication if needed(0 hrs) = 0 r
(@) Hourly () Daily Min/Max 16 Heating, add Humidification if needed{0 hrs) /Y = =
= =
(@) All Hours (O Select Hours 92.9% Comfortable Hours using 012 E
a
669 out of 720 hrs]
1a.m. through | 12&.m. { ) E 15 1
. a
) All Manths (@) Select Months Comfort Zones show:
Summer clothing on right,
SEP ~ | through | SEP ~ N 008
Winter clothing on left. 10
() 1Month | 1AM Next
(O 1Day 1 Next 5
1H: 1a.m. Next
(O 1Hour [1am ex L 004
TEMPERATURE RAMGE: / 5
@ -10t040°C () FittoData | 10
Display Design Strategies
) ) 10 15 20 35 10
[] Show Best set of Design Strategies DRY-BULE TEMPERATURE, DEG. C
Click on Design Strategy to select or deselect. Next

Chart based on climate and full optimization of passive design strategies
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PSYCHROMETRIC CHART

ASHRAE Standard 55-2004 using PMV

LOCATION:

Pretoria, -, -

Latitude/Longitude: 2575° South, 28 233° East, Time Zone from Greenwich 2

Data Source: MN7 682620 WMO Station Number, Elevation 1369 m
LEGEND RELATIVE HUMIDITY 100% 80%
DESIGN STRATEGIES: OCTOBER
COMFORT INDOORS 36.2% 1 Comfort(269 hrs) o 028
36% Il COMFORTABLE 2 Sun Shading of Windows(0 hrs) 30 30
64% [l NOT COMFORTABLE
5 Direct Evaporative Cooling(0 hrs) 024
6 Two-Stage Evaporative Cooling(0 hrs)
7 Natural Ventilation Cooling(0 hrs) WET-BULB
# Fan-Forced Ventiation Cooling(0 hrs) EE';'PERMURE
9 Internal Heat Gaini(0 hrs) B 25 gz
10 Passive Solar Direct Gain Low Mass(0 hrs) : i
11 Passive Solar Direct Gain High Mass(0 hrs) =
12 Wind Protection of Outdoor Spaces{0 hrs) &T
13 Humidification Onkw(0 hrs) 016 2
PLOT: |COMFORT INDOORS ~ 14 Dehumidification Onhy{0 hrs) n ] i 5
15 Cooling, add Dehumidfication if needed{0 hrs) = 0 r
@ Hourly (O Daily Min/Max 16 Heating, add Humidification if needed(D hrs) s = 5
A = =
@) All Hours (O Select Hours 36.2% Comfortable Hours using Selected Strategies = (=] 012 E
- a
1a.m. through | 12a.m. (260 out of 744 hrs) 15 s Z 15|
- a
() All Months (@ Select Months Comfort Zones show:
Summer clothing on right,
ocT | through |OCT ) 008
Winter clothing on left. 109
(O 1Month | JAN MNext
() 10ay 1 Mext 5
1H La.m. Next
O 1Hour [1am lex 0 oo
TEMPERATURE RANGE: -5 5
@ 10t040°C () Fitte Data -10
Display Design Strategies
-10 -5 o L 10 15 20 25 30 35 40
[] Show Best set of Design Strategies DRY-BULE TEMPERATURE, DEG. C
Click on Design Strategy to select or deselect. Mext

Chart based on

PSYCHROMETRIC CHART

ASHRAE Standard 55-2004 using PMV

climatic influence only

LOCATION:

Pretoria, -, -

Latitude/Longitude: 25.75° South, 28.233° East, Time Zone from Greenwich 2

Data Source: MN7 682620 WMO Station Number, Elevation 1369 m
LEGEND RELATIVE HUMIDITY 100% 80%
COMFORT INDOORS DESIGN STRATEGIES: OCTOBER
36.2% 1 Comfort(269 hrs) o 028
92% [l COMFORTABLE 73.3% 2 Sun Shading of Windows{173 hrs) 30 3
g% [l NOT COMFORTABLE
5 Direct Evaporative Cooling{0 hrs) 024
6 Two-Stage Fvaporative Cooling(D hrs)
8.3% 7 Natural Ventilation Cooling(62 hrs) WET-BULB
8 Fan-Forced Ventilation Cooling(0 hrs) TEMPERATURE
35.9% 9 Internal Heat Gain{267 hrs) DEG.C .’2 264 020
2.8% 10 Passive Solar Direct Gain Low Mass(21 hrs) z i
25.1% 11 Passive Solar Direct Gain High Mass{187 hrs) g
12 Wind Protection of Qutdoor Spaces(0 hrs) g
13 Humidification Onhki0 hrs) 00 o
PLOT: |COMFORT INDOORS v 14 Dehumidification Onki(0 hrs) 20 & i E
145 Cooling, add Dehumidfication if needed{0 hrs) = 0 | t
@ Hourly O Daly Min/Max 16 Heating, add Humidification if needed(0 hrs) et = S
- = =
@) All Hours (O select Hours 92.2% Comfortable Hours using Selected Strategies 012 2
4
1am. through | 12a.m. (686 out of 744 hrs) E 154
. =]
) All Months (@) Select Months Comfort Zones show:
Summer clothing on right,
OCT  ~| through |OCT 3 008
Winter clothing on left. 10
(O 1Month | JaN Mext
(O 1pay 1 MNext 5
1H lam, Next
() 1Hour [1am e o0
TEMPERATURE RANGE: 51
® -10w040°C (O FittoData 10
Display Design Strategies
40
[[] Show Best set of Design Strategies DRY.BULB TEMPERATURE, DEG. C
Click on Design Strategy to select or deselect. Next

Chart based on

climate and full optimization of passive design strategies
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PSYCHROMETRIC CHART LOCATION: Pretoria, -, -

ASHRAE Standard 55-2004 using PMV Latitude/Longitude: 25.75° South, 28.233° East, Time Zone from Greenwich 2
Data Source: MN7 6682620 WMO Station Number, Elevation 1368 m
LEGEND RELATIVE HUMIDITY 100% 80%
COMFORT INDOORS DESIGN STRATEGIES: NOVEMBER
38.2% 1 Comfort(275 hrs) 5 028
36% [ COMFORTABLE 2 Sun Shading of Windows{0 hrs 0, g
62% [l NOT COMFORTABLE
5 Direct Evaporative Cooling(0 hrs) o
6 Two-Stage Evaporative Cooling(0 hrs)
7 Natural Wentilation Cooling{D hrs) WET-BULE
8 Fan-Forced Ventilation Cooling(0 hrs) LE';'PCER””RE
9 Internal Heat Gain{0 hrs) B 254 020
10 Passive Solar Direct Gain Low Mass{0 hrs) ; :
11 Passive Solar Direct Gain High Mass(0 hrs) &
12 Wind Protection of Outdoor Spaces(0 hrs) &'
13 Humidification Only(0 hrsy o1 ©
PLOT: COMFORT INDOCRS v 14 Dehumidification Onhi0 hrs) 2 ] ) 5
15 Cooling, add Dehumidfication if needed(0 hrs) = 0 ?__
@) Hourly (O Dally Min/Max 16 Heating, add Humidification if needed(0 hrs) - = 5
Py = H
(@) All Hours (O Select Hours 38.2% Comfortable Hours using Selected Strategies - = 012 E
a
1a.m. through | 12am. {275 out of 720 hrs) E .
. a
) Al Months (®) Select Months Comifort Zones show:
Summer clothing on right, ’
NOV | trough MOV v ; 10 s
Winter clothing on left, 10 1
(O 1Month | 1AM Next
() 1Day 1 Next 5 5
1H lam Next
() 1Hour a.m, ex 0 oo
TEMPERATURE RANGE: 5 5
@ -10to40°C (O FittoData -0
Display Design Strategies
-10 5 0 5 10 15 20 25 30 35 40
[[] Show Best set of Design Strategies DRY-BULB TEMPERATURE, DEG. C
Click on Design Strategy to select or deselect. Next
PSYCHROMETRIC CHART LOCATION: Pretoria, -, -
ASHRAE Standard 55-2004 using PMV Latitude/Longitude: 2575° South, 28 233° East, Time Zone from Greenwich 2
Data Source: MN7 682620 WMO Station Number, Elevation 1369 m
RELATIE HUMIDITY 100% 80%
LEGEND
COMFORT INDOORS DESIGH STRATEGIES: NOVEMBER
38.2% 1 Comfort(275 hrs) e 028
o0% [l COMFORTABLE 23.2% 2 Sun Shading of Windows{167 hrs) 30 3’
10% [ NOT COMFORTABLE
5 Direct Evaporative Cooling{0 hrs) 024
6 Two-Stage Evaporative Cooling{0 hrs)
7.9% 7 Natural Ventilation Cooling(57 hrs) WET-BULB
8 Fan-Forced Ventilation Cooling{0 hrs) TEMPERATURE
34.4% 9 Internal Heat Gain{Z48 hrs) DEG.C .’2 254 020
1.8% 10 Passive Solar Direct Gain Low Mass(13 hrs) : :
17.5% 11 Passive Solar Direct Gain High Mass{126 hrs) g
12 Wind Protection of Outdoor Spaces{0 hrs) E’
13 Humidification Onh{0 hrs) 016 o
PLOT: |COMFORT INDOORS w 14 Dehumidification Onhy(0 hrs) ] ) 5
15 Cooling, add Dehumidfication if needed(0 hrs) = 07 z
(® Hourly () Dally Min/Max 16 Heating, add idif ion it hrs) = 5
= =
@ All Hours (O select Hours £9.9% Comfortable Hours using Selected Strategies 012 2
a
1a.m. through | 12am. (647 out of 720 hrs) ) E 15 -
. * a
(O All Months (®) Select Months Comfort Zones show: d i
o trooch [ Summer clothing on right, i '
~ | throu ~
© Winter clothing on left. L 10 1008
(O 1Month 1AM Next < g y
O1bay | 1 Next ) 54
1H tam. Next
O 1Hour |1a.m lex H 001
TEMPERATURE RANGE: al 5
@ -10t40°C () FittoData <] 04
Display Design Strategies
) ) 15 20 25 30 35 10
[ Show Best set of Design Strategies DRY-BULB TEMPERATURE, DEG. C
Click on Design Strategy to select or deselect. Mext

Chart based on climate and full optimization of passive design strategies
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PSYCHROMETRIC CHART LOCATION: Pretoria, -, -

ASHRAE Standard 55-2004 using PMV Latitude/Longitude: 25.75° South, 28 233° East, Time Zone from Greenwich 2
Data Source: MN7 682620 WMO Station Number, Elevation 1369 m
RELATIVE HUMIDITY 100% 80%
LEGEND
COMFORT INDOORS DESIGN STRATEGIES: DECEMBER
37.2% 1 Comfort(277 hrs) T 028
37% [l COMFORTABLE 2 Sun Shading of Windows(0 hrs} 0, 3
63% [l NOT COMFORTABLE
5 Direct Evaporative Cooling(0 hrs) lmn
6 Two-Stage Evaporative Cooling{0 hrs)
7 Natural Ventilation Cooling(D hrs) WET-BULB
g Fan-Forced Ventilation Cooling(0 hrs) [T’E"é“’gmwﬂf
9 Internal Heat Gain{0 hrs) B 25 25 020
10 Passive Solar Direct Gain Low Mass{(0 hrs) : i
11 Passive Solar Direct Gain High Mass{0 hrs) H
12 Wind Protection of Outdoor Spaces(0 hrs) E—
13 Humidification Onha(0 hrs) 06 8
PLOT: |COMFORT INDOORS ~ 14 Dehumidification Onby(D hrs) a0 e et = i E
g .
15 Cooling, add Dehumidfication if needed(0 hrs) Co 5 0 =
® Hourly (O Daily Min/Max 16 Heating, add Humidification if needed(0 hrs) gL = g
= =
(®) All Hours () Select Hours 37.2% Comifortable Hours using Selected Strategies = 012 £
-1
lam. through | 12a.m. (277 out of 744 hrs) Z 15 |
. &
(O All Months (@) Select Manths Comfort Zones show:
Summer clothing on right,
DEC | throush DEC  w i 10 008
Winter clothing on left. 10 4
() 1Month 1AM Next
(O 1Day 1 Next 5 5
1H La.m. Mext
(O 1Hour 1am ex oo
TEMPERATURE RANGE: /’ 5
@® -10t40°C (O FittoData g | -10
_j—f(
Display Design Strategies
- 15 20 25 i1} 35 40
[[] Show Best set of Design Strateqies DRY-BULB TEMPERATURE, DEG. C
Click on Design Strategy to select or deselect. Next
PSYCHROMETRIC CHART LOCATION: Pretoria, -, -
ASHRAE Standard 55-2004 using PMV Latitude/Longitude: 25.75° South, 28.233° East, Time Zone frem Greenwich 2
Data Source: MN7 682620 WMO Station Number, Elevation 1369 m
RELATIVE HUMIDITY 100% 80%
LEGEND
COMEORT INDOORS DESIGH STRATEGIES: DECEMBER.
37.2% 1 Comforti277 hrs) i 028
72% [ COMFORTABLE 25.8% 2 Sun Shading of Windows(192 hrs) 30, 30
28% [l NOT COMFORTABLE
5 Direct Evaporative Cooling(0 hrs) 024
6 Two-Stage Fvaporative Cooling(0 hrs)
5.8% 7 Natural Ventilation Cooling(43 hrs) WET-BULB
8 Fan-Forced Ventilation Cooling(0 hrs) L‘é"‘;"PCER”URE
23.1% 9 Internal Heat Gain(172 hrs) . .’2 254 920
0.7% 10 Passive Solar Direct Gain Low Mass(5 hrs) g i
17.7% 11 Passive Solar Direct Gain High Mass(132 hrs) ]
12 Wind Protection of Outdoor Spaces{0 hrs) g
13 Humidification Onky0 hrs) 00 o
PLOT: |COMFORT INDOORS - 14 Dehumidification Onhy(0 hrs) & i E
15 Cooling, add Dehumidfication if needed(0 hrs) = 0 =
® Hourly O Daily MinjMax 16 Heating, add Humicification if needed(0 hrs) £ H
= =
@ All Hours (O Select Hours 72.3% Comfortable Hours using Selected Strategies 012 2
[
La.m. through | 12a.m. (538 out of 744 hrs) Z 15 |
. =
() Al Manths (@) Select Months Comfort Zones show:
Summer clothing on right, i
DEC through | DEC
b s e irtter clothing on left. 1 = 70 008
() 1Month |1aN Mext §
(0 1Day 1 Next 5 ]
| - 5
(O 1Hour  1a.m. Next L
— 7004
[
TEMPERATURE RANGE: /§ 54
@ -0w40°c () FittoData >K -10
Display Design Strategies '
- 15 20 25 o 35 40
[[] show Best set of Design Strategies DRY-BULB TEMPERATURE, DEG. C
Click on Design Strategy to select or deselect. Mext
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Appendix G

Bar chart for conventional building

Annual energy analysis ofstar rated DEA Building (Predicted)

0,18

Notional Building 6-star rated building (Predicted)

m Tenant Equipment mLighting mOthers m Pump Energy mFan Energy m Cooling Energy mHeating Energy
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