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1 EXECUTIVE SUMMARY

The Namibia Energy Efficiency Programme (NEEP) aims to promote the use of energy
STFAOASYU GSOKy2f 23A®@@amekcilAnd kdbldertdidl huddBgsectoy, b | YA 0 A

Theaimsof this study are to establish building energy benchmarks for buildings in Namibia
and to identify and review energy efficiency standards with a view to making
recommendations on appropriate energy effincy approacheappropriate forNamibia

1.1 Building energy and demand benchmarking

This studyincludesa sample of 52 buildings from four localities (Windhoek, Keetmanshoop,
Oshakati/Ongwediva, Walvis Bay/Swakopmund) based on building occupadefiresi by
the building regulations (SANS 10400) for the follow occupancies:

1T F1 Large Shops (including shopping malls)

1 G1 Offices

1 H1 Hotels

Electricity billingrecords floor area, occupancy and other data were surveyed for each
building and interviews we conducted with building owneiar their representativesOther

energy sources (e.g. LP gas, diesel, paraffin) were included in the energy consumption where
applicable.

The zoning of erven for a number of towns in Namibia was compared to each othép and
the occupancy classifications in the building regulations. It was found that there is little
correlation between urban land zoning and building classification types, also all towns have
different zonings with little correlation between towns which coinptes data analysis.
Local authority land databases generally do not include floor area of improvements, which
makes it impossible to determine the distribution of building types and dizdsamibia
using town zoning databases

A sample of Namibian urbazoning data illustratethat residential buildings are important
as they represent 91% of improved urban erven or 64% of developed urban land, while 6%
of erven (15% of land area) can be classed as government, industrial, business and office.

Results fo the large shop €ccupancy were subivided into supermarket and warehouse
shops as these were found to have widely different energy requirements. Office buildings
are reported separately as public and private office buildings.

Energy benchmark valueseameasured as total annual energy consumption divided by the
net square meter area of a building (units kWh/m2?/annum), as defined by vastansiards,
including SANS 204 (Energy Efficiency in Buildings). SANS 204 stiputedesum energy
and electricaldemand valuedor different building occupancies per various climatic zones.
The SANS 204 climatic zones exclude Namibia andagausnptions regarding the climatic
zones of the four localities sampled in Namibia were madlke electrical demand
benchmarkis measured in units of VA/mz2.

Figure 3 presents the average energy benchmarking results for the various occupancies.
Clearly supermarkets are higmergy consumers. The study was unable to idendify
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obvious climatic influence on the energy benchmarks. It appears that energy intensity is
more related to activity and facilities or services provided, with facilities in Windhoek in
general being morergergy intensive than other localities.

Figure3: Summary of average energpnsumption inkWh/mz/annum per locality
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Figure7: Comparison of eaergy benchmark resustwith SANS 204

Energy Benchmark Range Results
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Figure7 shows the range of energy benchmark values obtained together with thengee
values, compared with the SANS 204 average values for the four loc#titieest cases the
SANS 204 maximum values do not present a challenge for compliance by most building
occupancies, with the exception of supermarkets which are a special higfigyeolass of
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large shog. SANS 204 assumithat buildings comply with regulations and standards in
terms of artificial illumination, comfort conditions and typical occupancy levels. Many of the
survey buildings differ in terms of illuminatidavels combrt and occupancyCompliance
with standards is not commonly monitored in Namibia.

Figure8 provides the averagelectricaldemand benchmark resultior different building
occupancies in the four localities. Some gaps exist in the data as not all facilities surveyed
had demand data available, and care must be exercised as some samples repreisght
dataitem. Again, naconclusions can be drawn leson climatic factors.

Figure8: Summary of averagelectricaldemand benchmarkin VA/m?
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Figure12: Comparison oklectricaldemand benchmark resustwith SANS 204
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Figurel2 shows the range of demand results and their averages, compared to the SANS 204
maximum values. The warehouse sbgpb-set of the large shap ézcupancy comparesell

with SANS 204 values, while supermarkets are higher. Offices and hotels sampled fall well
below the SANS 204 maximum values.

Hotel industry benchmarks of kWh/bednight/annum and VA/bednight were also evaluated
and compared in the study. These resulte of specific interest to the hospitality industry,
but not of particular use to the electricity supply industry.

Anecdotal results for comparable buildings indicate that significant energy savings are
possible:
1 Comparable hotels use 35% less engh@n the maximum.
1 Comparable supermarkets use 40% less energy than the highest recorded value.
1 Comparable office buildings use almost 60% less energy than the worst case.

The report discusses the potential for energy efficiency opportunities in thedigdime of
the survey findings; including measures such as thisation ofalternativeenergy sources
building envelope and orientatigrheating, \entilation and air conditioningighting, hot
water, devators and escalatoysenewable energy sourceappliancesand power factor
correction It is concluded that substantial scope for improvements exist.

The market perception of respondents was assessed following interviews with
representatives for all of the buildings. The following emerged from tlusgss:
1 Only about a third of respondents understand their electricity tariffs.
1 Only about a quarter of respondents have heard of energy auditspalybne
facility had undergone an energy audit.
1 While energy efficiency measures are scarce, it appeaitsathergy efficient CFL
advocacy has had an effect.
1 Respondents are eager to address energy efficiency, but express a wish for clear
readily-available information.
1 Building operators are optimistic, with 77% believing that their facilities energy
consumpton is normal to highly efficient.

A priority list of 20 buildings which are clear candiddtgsan energy audits presented,
sorted according to their total annual energy consumption (x32 G¥Wfum).

While thisstudyexcludes benchmarking of domeséinergy consumption, the importance of
this sector is highlighted by the fact that around 40% of urban energy consumption is
domestic. Domestic consumption ismade all the more important by the fact that
international experience of emerging economiesich as Namibia,predict a surge in
R2YSAaGAO0 SySNHEH& 02y adzyLiwikfalgvas desult &f decaldiied &8 SR RSY
housing delivery, poverty alleviation and increased penetration of appliahctsnational
experience has shown that the mosffective approaches to energy efficienay the
domestic sector include

1 Energy efficiency awareneaad behaviour changerogrammes.

1 Improved design and construction of new housing including planning procedures

and regulatory measures.
1 Energy labellingnppgrammes for appliance efficiency.
1 Energy efficiencgnd demand side management programmes.
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1.2 Energy efficiency standards

The energy efficiency of buildings can be considered in terms of the typical lifecycle of

buildings where specific and appropriaté & NA 33SNJ LI2Ayda¢é¢ OFy 0S5

efficiency conversiongypicaMNA 33 SNJ LR AY1aQ Ay Of dzZRSY
9 the sale of a property
9 achange in the leasehold on a property
1 the replacement of equipment and components installed on the premises, and
1 refinancingremodelling renovation or rehabilitation events

The opportunity for applyingenergy efficiency standards for buildings is primarily in the
concept development, design and planning approval phases (and subsequently in the
refurbishment phases) of the oxadl building lifecycle.The opportunities for energy
efficiency in the operational phases of the lifecycle of a building are primarily of the
demandside managementQdSM type, while energy efficiency improvements should form
part of upgrade and renovatioprogrammes

The demaneside management (DSM) study (completed in 2006) has been the most
significant recent initiative in Namibia to recommend the establishment of energy efficiency
interventions which are applicable to buildingsThe DSM study made ggéic
recommendations, butthe impact that the DSM initiatives had on the energy use in
buildings cannot be quantified, as pimplementation baseline consumption data is
unavailable

International standards, developed over the last 40 yeasgre initially based on
prescriptive requirements, specifying materials and systdniseasingly however, the trend
is towards performance based standaragich allow innovation despite being a little more
complex to implement

A number of internationally rognised energy efficiency tools and rating systems have been
developed, including:
1 BRE Environmental Assessment Method (BREEAM) [UK]
1 Leadership in Energy and Environmental Design (LEED) [USA]
1 Green Star [Australia]
1 SANS 204 national standard for energfficiency in buildings [South Africa &
Namibia]

Based on the review of the international experience, the two most likely energy efficiency
standards frameworks for consideration in Namibia are
i.  Obligatory:the SANS 204 / SANS 10400 national standareriergy efficiency in
buildings and code of practice for building regulations in South Africa, and
ii.  Voluntary:the GreenStar system for rating Green Buildings wtidmplemented in
South Africa.

Currently, the SANS 204 standard is under revi®ANS 204s a performancéased
standard, which sets out energy demand and consumption for different categories of
building occupancy and for different climatic zon8&ANS 204 has not yet been applied in
Namibia as an obligatory standard, which makes SANS 2@fuatary energy efficiency

10

dza
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framework rather than a legal requiremerthe applicability of this standard to Namibia is
considered to be appropriate with the followimgactical considerations:
9 Technical: iie climatic zones defined in SANS 204 exclude Namilihis stage.
1 Legal SANS 204 came enforced in Namibia as SANS standaats legally
enforceable
9 Institutional: The local authority responsible for planning approval of new buildings
shouldalso bemaderesponsible for approving the energyficiency compliance of
new buildings. SANS 204 makes provision for municipalities to accept Energy
Efficiency Certificates (or label such as an Energy Efficiency Passport) as issued by a
WO2YLISGSYG LISNEA2YQ Fa SOARSYOS 2F O2YLX Al yC

The GreenStar SA rating system is currently licensed for use in South Africa, and is
administered as a voluntary programme by t@reen Building Council of South Africa
(GBCSA Applicationin Namibia would require it to bkcensedfor use in Namibia as vlelt

is speculated that Namibiaight not currently enjoy sufficient market activity to suppatg

own comprehensive Green Building rating system.

The report outlines other international energy efficiency experienaed lessons learned
from them, incuding:
1 94&] 2YQa-ShéWahagefent Programme
1 Bangalore City Environmental Building Regulations and Guidelines
9 California Energy Commission (CEC) Energy efficiency in existing buildings
1 National Renewable Energy Laboratory (NREL) procedure for measamuhg
reporting energy performance

Gonclusionsare drawnfrom the study, and specific recommendations are made for the way
forward. Readerinterested inthe detailed findingsof the studyare refared to the specific
sectionsof the report

11
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2 INTRODUCTION

2.1 Background

Namibia currently importsmore than 506 of its electricity requirements. Regional

generation capacity is stretched to its limithisposesa significant threat ofuture supply

interruptions, whichin turn adverselyimpact Namidi Q& SO2y2YA O 3INRSIKP ¢K
government is therefore exploring newlectricity generation opportunitiesand seeks to

promote energy efficiency and demand sithanagement tdurther mitigate this risk.

The Namibia Energy Efficiency ProgrammeEBY aims to promote the use ofenergy
efficient technologies and practiseshnl Y A @dmme&réal and residential building sector.

The NEEP project has characterised the Namibian building sector as follows:
1 National building codes do not incorporate standards and recommendations on
energy efficiency (EBndrenewable energyRE for
0 building envelope (insulatiorteiling materialsetc.)
lighting (technologies, control systems, etc.)
0 heating ventilationand air conditioning(HVAC) systems
0 waterheating systemsg(g.solar water heating)and
0 indoorair quality.
1 Potential energyefficient technologies for buildingsre not adequatelyidentified in
the market.
1 Inadequaterecommendationshave been made on eergy-efficient equipment and
materials that have been internationally recognized and tested.
1 Building owners having no access to financial resources to introduce eeiiggnt
technologies in their buildingsnainlybecause financial institutions are@nfamiliar
with such technologies and practiceand often present a reluctance to extend
credits for suchundertakings
1 Building ownershave insufficientaccess to technical resources to conduct energy
audits in their buildings and evaluate the potemt@stsavings andneasures that
couldbring about longterm energy savings.
1 Fewenergy auditorsn Namibia aresufficientlyqualified to undertakesuchaudits in
buildings.
Fewenergy audithavebeen conducted ithe Namibian building sector.
Principal players including manufacturers, retailers, designers, architects,
constructorsand others arenot promoting EE. According toracent study, i.e. EE
Baseline Surveyindertaken under the Renewable Energy and Energy Efficiency
Capacity Building Bgramme (REEECAP), 17% of local architects surveyed were not
aware of EE issues in buildings wHiig% were aware but stilre not implementing
EE measures in their practice.

o

=a =

12
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2.2 Study objectives

The main objectives dhe presentstudy are twofold:
1) Identify the existing energy consumption benchmarks for buildings in Namibia
2NRSN) G2 SadroftArAakK | LAOGIINE 2F GKS a0ST2NB
2) ldentify and review energy efficiency standards and regional and international
energy efficiency approaches and implemetions, in order to make
recommendations for the possible implementation of energy efficiency programmes
suitable for the specific conditions in Namibia.

2.3 Structure of the report

Thisreport is structured to follow the two main objectiveise.

9 Section3 describes the approach and methodology used in the study

9 Sectiord describes the findings of the study

9 Sectionb discusses the issues related to domestic benchmarking

1 Section6 presents the findings otthe review of energy efficiency standards and
regional and international energy efficiency approaches and implementations
Section7LINS &aSya (KS &aidReqQa O2yOfdzarazyaz | yR
Section8 presents the recommendations emanating from thigadst.

=a =

Additional detail is attached to the report in numbered Appendices.

13
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3 Approach and Methodology

3.1 Selecting the buildinggample set

Building types are classified by the Building Regulatappicable in Namibiai.e. SANS
10400 The standardfor energy efficiency in buildings, SANS'a@8es a reduced list of the
same building classifications.

A detailed rationale for the inclusion and exclusion of certain building classifications in this
study is provided i\ppendix 1 The building types selected for the benchmarking exercise
are:

T F1 Large Shop(including shopping malls)

1 G1 Offices

7 H1 Hotels

I £ &aaixTAol dAshywithaGoar afed ad@e&00 M idduides shopping centres,

which cover a variety of commerciattivities,from simple warehouse type shops large
scalesupermarkets. The sample buildings selected, howearelidemainly supermarkets in

order to provide a comparative samplg, KAt S |  FS & Ad € NBK2dzZ®ES I NB
included to allow a comparison of the range of energy consumption in this class of aiilding

Office buildings commonly also include commercial shepgh are provided for fronthe
same electrical meterHere,the building selection targeted pure office buildingherever
possible. The office buildings selected include both public and private buildings.

Hotels were selected to provide a range of hotel sizes and types, from larger through to
smaller bed and brddast accommodation establishments.

Residential buildingsvere excluded as the scope and extent afork for a representative
sampleof domestic energy consumptiowould have exceedethe scopeof the present
project.

Buildings ofthe three classificatios were chosen from four localities in Namibia in order to
includedifferent climatic regions. Thedecalities are listed iTablel. Note that the climatic
zonesallocationsare indicative as SANS 204 does not specify climatic zones for Namibia.

Tablel: Building survey localities and their assumed SANS 204 climatic zones

Climatic Zone| Zone Number
Locality Region’ Description per SANS 20
Windhoek Khomas Cold Interior 1
Keetmanshoop Karas Temperate Interior 2
Oshakati, Ongwediva Oshana Hot Interior 3
Walvis Bay, Swakopmund| Erongo Temperate Coastal 4

! SANS 204 is described in more detail in Se@idrSANS 204 Energy efficiency in buildings

? SANS 204 does not describe in detail how the variousatdinzones were established. The
OFGS3I2NR&lr A2y 2F GKS OtAYIGAO T2ySa +a dzaSR Ay
interpretation of the climatic zones astroduced in the SANS 204.

14
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The project proposalindertookto sample38 buildings of the three classifications (F1, G1,
H1). A selection of 72 buildings from the localitisted in Tablel was madeand building
owners/tenants wereinvited to participate of whom56 agreed Finally, after attritionfor
reasons such as a ngmovision of information, unsuitable metering arrangements,
withdrawal by participants, 52 buildinggere included in thefinal sample set, as shown in
Table2.

Table2: Final building sample composition

Building Classification -7| Keetmans| Oshakati Walvis | Windhoek |Grand Tota
F1: Large Shop 2 6 5 5 18
G1: Offices 4 5 5 6 20
H1: Hotel 3 4 3 4 14
Grand Total 9 15 13 15 52

3.2 Survey methodology

Following agreement by participants, each building owner/occupier/terraptesentative
was requested to provide the following information:
1 24 monthsof electricity billing accounts.
9 Other fuel accounts (LP gas, diesel, paraffin, wood) covering 24 months.
1 A set of building layout planfor the determination ofthe building flor area
9 Occupancy figures:
0 Hotelsg monthly bednight figures
o Officesg approximate number of persons working in the building.

In some cases electricity accounts were obtainedadiyefrom the supply authorityBuilding
plans werealsodrawn from locakuthorities and from the Department of Works archives in
the case of public buildings.

The following procedure was followed for each building

1) A walkthrough evaluation of the building was conducted to obtain a cursory
assessmenbf building constructiorand technologiesBuilding data collected are
included inAppendix 3

2) An interview was conducted with an appropriate person who represented either the
tenant or building ownefas applicable Normally this was the manager. In the case
of public buildings a local Department of Works Maintenance Division
representative was iierviewed.The interview guestions are listed Appendix 2

3.3 Datacollection andanalysis

In addition to the data collectedrom buildings and their operatorslata wasalsoobtained
and analysed for:

9 Electricity sales information from various supply authorities.

1 Erfinformation in a variety of urban settlements (Town Councils and Municipalities)

Many buildings comprise a mixed occuparfey example, a building might contain offices,
commercial shops and residential componerggpplied from a single metewith no sub
metering Thebuildingssamplel were selected to ensure that thbuilding sample excluded
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mixedoccupancy classess far 8 possibleand care was taken thate floor area evaluated
corresponded exactly witthe electrical metering.

Some of the information obtained from sgés of a qualitativerather thana quantitative
nature. Thiswas necessary due tgoroject constrairts, as cbtailed quantitative data
collectionfalls in the scope i full energy auditThis implies the following simplifications:

1

T
T

The average distribution of lamp types within a building were estimatather than
guantified.

Only a fewllumination lesels weresampled andhen averaged

Only aqualitative assessment was done of daghting levels.

The energy and demand figures for all buildingsre analysed The following comments
apply to billing information:

1

T

While 24 months of dataapturingwasattempted, ®me buildings are new and thus
only 8¢ 12 months of billing data was available.

Energy consumption (kWh) figures are adjusted to a daily consumption average
according to actual meter reading dateand then corrected for a 28/30/3iday
month as applicable. This is done to smooth the monthly consumption in order to
identify seasonal variationand highlight any billing discrepanciéme electricity
accountsdo not statethe meter reading date, making sueldjustments impossible
and resultingn fluctuating monthly values if meters are read irregularly.

In some cases supply authorities chargedoestimaed amount in a month. Where
these are identified, values have been averatwdapplyingactual values over the
months whichwere affected.

In some casessupply authoritiescharge aconstant maximum demand either
according to an initial customer stated demandsomeprevious maximungdemand
reading Actual kVA demand readinggere requested from supply authoritidsut

this informationwas not alwaysavailable.Constant kVA charge data is igedras

this does not represent a measuredlue.

Many of the buildingsare not subject to amaximum demand tariff, and
consequently, combined with the point above, demand datastitutesa smaller
samplecompared with energy consumption data.

Time of use billing was implemented by many electricity supply authorities during
the previous 24 monthsThis information wasecorded but is not included in this
reporth & A G Aad y20 NBf S@lenchmaikk NJ 6 KS o0dzAf RAYy3IQa

Other fuel sources (LP Gas, Diesel, Paradfid,Wood displace electrical energy whersed

for tasks such as heatingpoking, baking and water heatinBANS 204 stipulates that non
electrical consumption, such asom fossil fuels, shalbe accounted for on a thermal
equivalence basis, i.e. by converting mega joulekilmwvatt hours. Thus participants were
requested to provide billing records for their consumptionather fuel sources usedin

some cases participants were only able torpvide average monthly consumption and not
actual billing records. Where bills were provided, the consumption was taken to occur in the
month stated on the invoice. The conversiates used for the various fuels ate

il
)l
il

LP Gas: 51 MJ/kg
Diesel : 38.6 M/litre
Paraffin 37.3 MJ/litre

% See for exampléttp://en.wikipedia.org/wiki/Heat of combustion
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Despite assurances that occupancy figures for Hotels will not be published, Hotel owners
and operators wersestill concerned and reluctant to provide such figures. Some Hetele
G f 2té@thedprojectfor this reason.

The Government is the largest property ownerNamibia The Department of Works in the
Ministry of Works and Transport is the Government custodian of buildangsresponsible

for maintaining arasset register andndertakingmaintenance. The individualillstries are
responsible for the budgeting and payment of energy accoumlitsthe case of public
buildings, the identification of an appropriate person to interview proved to be challenging.
Neither the Department of Works nor the occupying Ministry preke has any staff
specificallyresponsible forenergy consumption and/or ensuring that energgfficiency
measures are implemented public buildings.

The integrity of the data provided @ssumed to becorrect. Barring any obvious variations,
whichwere investigated and resolved, the data obtained is taken at face value. This refers in
particular to:

1 Building plans reflect actual floor area of the existing building.

1 Alternative fuel consumption figures and data provided are correct and complete.

1 Meteringand billing information is accurate.

9 Occupancy figures provided are accurate.

1 Answerdo questions put taespondents are correct.
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4 Findings
4.1 Characterisation of building categories

4.1.1 Classification of buildings

Building typesare classified by Building Regulations, SANS fp4dfile the applicable
standard for energy efficiency in buildings, SANS, 28é4sa shortened list otthe same
building classificationsThe SANS 10400 list is reproducedppendix 1

Town Planners for each Municipality Town Council allocate the erven in a Town Planning
Scheme with zonindescriptionswhich restrict the end use of each portion of land.

Unfortunately the SANS 10400 buildiregulationsand town planningclassifications differ
substantially, whichmight bea necessary consequence as they fulfil different functions. In
addition, notwo local authorities use exactly the same erf zonlisg The urban town
planning zoning definitiondor the towns sampledare listed in Table 3. The following
observations are made:
T b2d Fff €20t I d3EKZNWNYIMYSERD KIYDOSrIyie o fatsaad a h
FlLff& dzyRSNJ a. dzaAySaaé 1 2yAy3ao
f While somdocal authoritiesh y Of dzZRS a! OO02YY2RIFGA2Yy ¢ YR dal 2
IT2yAy3 gKAOK O2YLI NBa (2 al20Sté¢ OftlFaaartaiol
f ¢KS a[ IHBAOf [ KARTADY SN2yt & AA yOAERSR | Y2y 3 4.

Distinct differencesexist between municipal zoning and building regulation classification of
buildings which complicates cordination or sharing of data

* According to the Namibian Standards Institution (NSI), by agreement, South African standards of the
South African Bureau of Standards (SABS)aw | GAOFft& FLILX & Ay bl YAOGALF® {
I TNROI Y bridAz2ytt {GFyRINREOD
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Table3: Town planning zoning definitions for various urban centres in Namibia

Type Groug Windhoek Walvis Bay Swakopmund Oshakati Ongwediva Ondangwa Rundu Katima Mulilo Keetmanshoop
Business Business 1 General Business  |Business Business Business Business General Business [Business 1
Business |Restricted Business Local Business Local Business Local Business Local Business Local Business Local Business Business 2
Parastatal Parastatal Parastatals
General Residential General Residential 1 |General Residential [IGeneral Residential General ResidentiaGeneral Residentia| General Residential General Residentia|Residential 1
Residential General Residential 2 |General Residential Accommodation Residential Accommodation  |Residential Residential Residential 2
Residentiall Single Residential Intermediate Residentid| Informal ResidentialResidential 3
Single Residential |Single Residential Single Residential |Informal Residential
Informal Residential Informal ResidentialHospitality Hospitality
Government Government Purposes | Authority Authority Government Government
Governmen| Civic Civic Civic Authority
Municipal Municipal Purposes  |Local Authority Local Authority Local Authority Local Authority
Industrial Industrial _ Ir?dustrial . G_eneral Indgstrial quustrial . Ipdustrial Ir?dustrial . Ir?dustrial . Industrial Industr?al 1
Transport & CommunicatiofLight Industrial Light Industrial Light Industrial Light Industry Light Industrial Light Industrial Industrial 2
Office  |Office Office Office Office Office Office
Private Open Space Private Open Space |Private Open Space|Private Open Space |Private Open Spad@rivate Open SpacéPrivate Open Space Private Open Spacg¢Private Open Spaq
Public Open Space Public Open Space Public Open Space |Public Open Space Public Open SpacgPublic Open Space|Public Open Space Public Open Space|Public Open Spac:
Beach Area Infrastructure Reserve
Cemetery Cemetery Cemetery Local Authority Reserve Cemetery
Special Special Special Special Special Special Special Special
Street Street Street Street Street Street
Institutional Institutional Institutional Institutional Institutional Institutional Institutional Institutional Institutional
Undetermined Undetermined Undetermined Undetermined Undetermined Undetermined Undertermined Undetermined
Other  |Unknown zoning Unknown zoning Unknown zoning Unknown zoning Proposed Erven  |Unknown zoning

Railway & Harbour

Service Station

Service Station

Service Station

Service Station

Parking

Parking

Parking

Parking

Parking

Combined Land Use

Sports Fields

Special Designated Arg

a

Civic Reserve

Reservation: Government Education

Reservation: Government General Administration

Reservation: Local Authority General Administrati

pn

Conservation Area

Powerline Servitude

Conservation

Agriculture

Nature Reserve

Education
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4.1.2 Building types and sizes

The urban areas zone names have bgesupedinto similarclassificationsas indicated in
the left hand column ofable3, to provide aeasonable comparison

9y dzYSNY A2y 2F f 2 Ol ifcludingzinKighMdved &r&&, provitiesiah 6 I & S &
indication of the distribution othe number of erven and their total land area. These are
shown inTable4 and Table5, and illustratedgraphicallyin Figurel andFigure 2 below

Figurel: Area (m?) of improved erven
Developed residential land comprises
_ 65% of improved urban land area, and
= other " Gatems 6 W sl 91% of the number of improved erven.
oAzt 2R p S Commercial zoned land (Business,
e Industrial and Office) comprises around
12% of urban development by lardea,
and 5% of the total number of improved
erven. Government (central, regional
and local) has developed 3% of urban
o . areas, which comprises 1% of the total
S — developed erven.

B Government,
4,186,481, 3%

Figure2: Number of improved erven

B Business,

While the urban zoning information
m Other, 2,685, S50 308 B |ndustrial,

% 1308, 7% shows that residential land comprises
'Gosvggnnlﬂ;’"h e 7':,77,,l0ffice, 280, the majority of urban land allocation,
' o 15% of improved land area and 6% of
the improved erven stock are owned and
used by the private and public sector.

While some urban zoning databes list
improvement value such values are
® Residential, gualitative and  extrapolation to

73,942, 91% improvement area is not possible.oN

local authority databases presently

include the approved improvement floor areBulk factor8 for developed erven vary by
local authority, mning and suburpand thus bulk factors cannot be used to extrapolate to
floor area either The Deeds Office register is not digifget), neither does it record
improvement areg(it is mainlyconcerned with laneéwnership other than for sectional title
development There is thus no simple means tdetermine the total m2 area of
improvementson urbanerven.

Buildingdata in Namibia ishus not suitable for allowing simple enumeration tfe total
building stock by classification and size.

® Improvederven are erven which are developed and have a building on them.

® Bulk factoris also referred to as the 'floor area ratio' (FAR) and indicates the total floarestheat
may be built on in a property. The FAR is obtained by dividing the gross floor area of the building by
the area of the property.
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Table4: Urban zoning groups by number of improved erven

Zoning Group | Windhoek | Walvis Bay | Swakopmund | Oshakati | Ongwediva | Ondangwa Rundu Katima Mulilo | Keetmanshoop | Total erven | Percent
Business 982 342 249 127 7 106 512 227 195 2,747 3%
Industrial 469 364 133 27 124 79 43 25 38 1,302 2%
Office 242 - - 25 - 5 4 4 - 280 0.3%
Residential 36,319 8,031 5,910 3,850 1,962 1,476 8,599 4,611 3,184 73,942 91%
Government 102 74 56 20 8 33 10 20 46 369 0.5%
Other 441 446 1,080 38 107 52 302 82 137 2,685 3%
Totals 38,555 9,257 7,428 4,087 2,208 1,751 9,470 4,969 3,600 81,325 100%
Table5: Urban zoning groups by area of improved erven in m2
Zoning Group | Windhoek | Walvis Bay | Swakopmund | Oshakati | Ongwediva | Ondangwa Rundu Katima Mulilo | Keetmanshoop Total m? Percent
Business 2,761,839 481,782 485,547 668,309 8,567 307,595 700,823 350,583 631,781 6,396,825 5%
Industrial 3,207,545 2,193,399 550,372 428,458 375,600 331,125 396,294 514,033 407,422 8,404,248 6%
Office 471,352 - - 285,377 - 33,763 24,981 23,034 - 838,507 0.6%
Residential 57,851,687 4,769,812 4,078,465 | 5,097,062 1,217,988 2,302,137 | 5,774,368 3,191,616 2,484,668 86,767,803 65%
Government 1,676,286 244,418 229,447 503,453 53,170 515,788 213,441 612,363 138,115 4,186,481 3.1%
Other 11,309,595 3,031,758 2,621,583 | 1,328,009 357,406 1,386,135 | 1,739,635 2,298,087 2,402,536 26,474,744 20%
Totals 77,278,304 | 10,721,169 7,965,414 | 8,310,668 2,012,731 4,876,543 | 8,849,542 6,989,714 6,064,522 | 133,068,607 100%
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4.1.3 Building sample sizes

Table6 lists the total net floor area and average floor area of the building sacuisidered
in this project

Table6: Building sample tadl and average net area

Sum of Building Net floor area (m?) Average of Building Net floor area (m?)

Locality F1: Large Shop G1: Offices H1: Hotel F1: Large Shop| G1: Offices H1: Hotel
Keetmans 2,155 | 6% 9,065 | 9% 6,389 | 13% 1,078 2,266 2,130
Oshakati 11,351 | 33% 4530 | 5% 6,420 | 13% 1,892 906 1,605
Walvis 8,610 | 25% 11,234 | 12% 5,946 | 12% 1,722 2,247 1,982
Windhoek 12,359 | 36%| 70,744 | 74% 29,948 | 61% 2,472 11,791 7,487
Grand Total 34,475 [100%| 95,573 |100%| 48,703 |100% 1,915 4,779 3,479

Not surprisingly, the shops, offices and hotels in the economic hub of Windhoek are larger
than those in the other centres.

4.2 Determination of energy consumption

4.2.1 Energy benchmark

Energy consumption from billing records has besralysed in accordance with SANS 204,
which evaluates energy consumption per m2 of net building amer amum. Energy
consumptionis measuredn units of kWh/m2 annum. A summary of the average energy
consumption for all building types per locality iepented inTable?.

Theaverage value for each building type is indicated and shows that Supermarkets are by far
the most intensive energy consumers. Tlherge Shogclassification has been sutivided
into SupermarkeandWarehouse shopss thesexhibitdifferent energy benchmark levels

The Officesclassification has also been split ifBpivate and Public.It appears that public
offices on average have a smber energy demand than private officesCertainly for
Windhoek the difference between public and private offices is not as pronounced as in other
centres. Thddotelaverage benchmark is slightly higher than offices and warehouse shops.

Figure3 shows the results graphically.

Table7: Summary of average energynsumption inkWh/m2/annum
Locality -f| Supermarket |Warehouse shop| Private office Public office Hotel
+ Keetmans 407 61 28 75
+ Oshakati 496 163 103 82 141
+ Walvis 596 58 80 48 125
+Windhoek 806 103 183 195 228
Average 600 122 122 88 148

" SANS 204 definewt floor areaas the sum of all areas between the vertical building components
(walls, partitions)excluding parking garages and storerooms.
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Figure3: Summary of average energypnsumption inkWh/m2/annum per locality
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4.2.1.1 Large Shops (F1) energy consumption

The average energy consumption for large shopsuimmarised inTable8 and Figure4.
Clearly Supermarkets are far more energy intensive than Warehdisaps Supermarkets
generally include most dhe followingenergy intensiveacilities

high levels of artificial illumination

poor daylight utilisation, or no daylight contribution at all
bakery

kitchenrestaurant

coldand freezer rooms
refrigerateddisplay cabinets andupboards
air conditioning of entire shop floor

=4 =4 =4 4 - - -8 9

In contrast, Warehouseshops often use daylightery effectively and use substantialliess
energyintensiveequipment than Supermarkets

Table8: Large ShopsAverage energgonsumption inkWh/m2/annum

Locality -| Supermarket |Warehouse shop|Average
+ Keetmans 407 407
+ Oshakati 496 163 385
+Walvis 596 58 488
+Windhoek 806 103 665
Average 600 122 494

Figure4: Large ShopsAverage energgonsumption inkWh/mz2/annum

H Supermarket B Warehouse shop
900

800

700

806
600 &k
496
500
407
400
300
200 163
103
100 58

Keetmans Oshakati Walvis Windhoek

Energy Consumptionin kWh/m%annum

The reason for regional differences in eneopnsumptionis notclear. Climatic differences
are ruled outin this case as Oshakati and Keetmanshoop should excesgrgy

consumptionfor Walvis Baywhich has the coolest climat@he differencesmight be asa

result of a combination of differing levels of business activitydifferent facilities,

technologieemployed and aryingoperation andnanagement patterns.
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The regionabifferences between Warehousghopsare not significant It is suspected that
the small number otheseshopsin the samplecontributes to this unexpected effect

Table 9 provides a detailed breakdown of the Large Shops energy benchmarks, with
averages per locality and per shop type. There is a ldifference between the lowest
supermarket (Picl-Pay FamilySupermarket Walvis Bay, 226 kWh/m%annum) to the
highest (Shoprite Independence Ave. Windhoek, 1,080 kWh/mZannum).

Table9: Large ShopsDetailed energy benchmari kWh/m2/annum

Locality -f| Supermarket |Warehouse shop Average

-IKeetmans 407 407
JJ's Supermarket, Keetmans 472 472
Nuwe Welcom SPAR, Keetmans 343 343
-)Oshakati 496 163 385
CTM Oshakati 22 22
GAME Oshakati 304 304
Oshakati SPAR 552 552
Pick-n-Pay Family Store Oshakati 592 592
Shoprite Oshakati 544 544
Woermann Brock Oshakati 297 297

= Walvis 596 58 488
CTM Swakopmund 58 58
Pick-n-Pay Family Store Walvis 226 226
Protea SPAR, Walvis 725 725
Shoprite Walvis Bay 764 764
Woermann Brock Walvis 667 667
-'Windhoek 806 103 665
CTM Windhoek 103 103
Maerua SuperSPAR, Windhoek 711 711
Model Pick-n-Pay Wernhil, Windhoek 625 625
Shoprite Independence Ave., Windhoek 1,080 1,080
Woerman Brock Ae-Gams, Windhoek 807 807
Average 600 122 494
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4.2.1.2 Offices (G1) energy consumption

The followingobservations apply regardirayerage energy consumption for Offices:

1) Public office facilities use less energy than Private offiCeatributors maynclude

a.

b.

e.

In Windhoek, howeverthe sampledpublic officeson averageshow slightly higher

Less air conditioningoverageto public offices, particularlin localities other

thanWindhoek.

FewerlTequipment and other electronic servicespublic officecompared

with private offices.
Lower occupancy levels in public buildings.

Less attention to repairs and maintenance in public buildingssultingin
unserviceablair condtioning equipmentandburnt-out lamps.
Differingactivity levels between private and public office buildings.

energyconsumptionthan private offices.

2) Windhoek officeson average show atwo to three timeshigher (or even more)

energyconsumption tharoffices in other centres. This suggettat offices in the
GNBISBRNPIHdEAE &89 Ay
conditioning IT equipmentprovision andattention to repairs and maintenance.

regions arey 2 (i

Table10 and Figure5 show the average energy consumption for Offices in the private and
public sectors.

Table10: Offices- Average energgonsumption inkWh/m2/annum

Locality -7| Private office Public office Average
+ Keetmans 61 28 36
+ Oshakati 103 82 91
+Walvis 80 48 61
+Windhoek 183 195 189
Average 122 88 102
S¢kra O02YYSyld Aa ol asSR 2y

buildings, from which it is clear that regular scheduled maintenance is severely lacking. Readers are
encouragedo visit public buildings around Namibia to ascertain this for themselves.

Gdensily aair 2 F

iKS | dzikK2NBRQ SEGSy&aAr@dsS SE
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Figureb: Offices- Average energgonsumption inkWh/m2/annum
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250

N
o
o

=
w
o

100

w
o

Energy Consumptionin kWh/m%annum

103
82 80
61 T
48
"

Keetmans Oshakati Walvis Windhoek

Again, as in the case of the Large Shopsrég@nal differences are not simply explained by
climatic factors. Whil¢he energy consumptiotn offices in Oshakats higher tharin Walvis
Bay, as expected, it is just undene-half that of office buildings in Windhoeldespite
Oshakati having a warmer climate than Windhogke Walvis Bay energy consumgptio
exceeds that of Keetmanshoggespite being a cooler climate

Table 11 provides a detailed breakdown afffice energy benchmarks, with averages per
locality and public/private. The is asubstantial rangen results from 16 kWh/m2/annum
(Agriculture Building,Keetmangoop: no air conditioning, no computersand minimal
occupancy) to 256 kWh/mz/annurfNedbank Business Centre, Windhoklgh occupancy,
poor orientation, poor building envelopandfully air conditioned.
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Tablel1: Office- Detailed energy benchmark kwWh/m2/annum

Locality -7| Private office Public office Average
-IKeetmans 61 28 36
Agriculture Building, Keetmans 16 16
Karas Regional Council Office, Keetmans 42 42
Keetmanshoop Municipal Offices 61 61
Ministry of Finance, Keetmans 25 25
-IOshakati 103 82 91
Customs and Excise, Oshakati 116 116
Home Affairs Oshakati 19 19
Ministry of Finance, Oshakati 113 113
Oshakati Civic Center 100 100
Oshakati Premier Electric 106 106
- Walvis 80 48 61
Customs Building, Walvis Bay 45 45
Erongo RED HQ, Walvis 97 97
Fisheries Inspectorate, Walvis 43 43
Ministry of Finance, Walvis 55 55
Walvis Bay Civic Centre 63 63
-'Windhoek 183 195 189
Brendan Shimbwaye, Windhoek 190 190
Ministry of Finance, Windhoek 219 219
Ministry of Home Affairs, Windhoek 177 177
Mutual Tower, Windhoek 104 104
Nedbank Business Centre, Windhoek 256 256
Sanlam Centre, Windhoek 189 189
Average 122 88 102
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4.2.1.3 Hotel (H1) energy consumption

Hotel energy consumption distribution is skewed towards higher average energy
consumption in Windhoek than in the other localities. Hotedgeal a range of different
facilities,from simpler bed & breakfasir budget hotels to more luxurious establishments
with conferencing, banqueting and casino facilities.

Tablel2: Hotel- Average energgonsumption inkWh/mz2/annum

Locality -7 Hotel
+Keetmans 75
+ Oshakati 141
+Walvis 125
+'Windhoek 228

Average 148

Figure6: Hotel- Average energgonsumption inkWh/m2/annum
 Hotel
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The more luxurious hotels, with higher occupancy and higher levels of redatadties and
services includingcasino, conferencing and banqueting tend to be concentrated in
Windhoek, which explins why Windhoekshowsthe highest average energy consumption
the Hotel category The Walvis Bay hotels are also generally more gcoiwth auxiliary
functions which may explain why WalMgayand Oshakati are roughly equivaléhtespite
Walvis Bayhaving a cooler climate than Oshakati. The KeetmanstaswpOshakathotels

° This study has hypothesised that the similarity of the electrical energy consumption in Walvis Bay
and Oshakati can be attributed to the longer heating periods required at thstcéBwever, the
data that was collected as part of the study cannot conclusively confirm or reject this hypothesis. It
is recognised that Walvis Bay has more heating degree day data than cooling degree days, while
Oshakati has more cooling degree day d#i@n heating degree days. However, the study could not
find a clear correlation, which can likely be attributed to the aggregation of energy consumers
considered in both towns in the present study.
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provide less othe auxiliary activities and tend towards simpler B&B tradingh vower

occupanes.

There is a broad range of energypnsumption figures for Hotelsranging from 12
kWh/m2/annum (Oshakati Guest Hotelow occupancy, B&B plus restaurant) to 398
kwh/mz/annum (Windhoek Country Club Resodasino, banqueting & conferencing,
multiple busy restaurants, extensive pool facilitiikely inefficient water heating andir

conditioning systems)

Table13: Hotel- Detailed energy benchmark kWh/m2/annum

Locality -7 Hotel
-IKeetmans 75
Birds Mansions Hotel, Keetmans 69
Central Lodge, Keetmans 100
Schutzenhaus Guest House, Keetmans 56
=IOshakati 141
Afrika Stadt Haus Hotel, Ongwediva 63
Hotel Destiny, Oshakati 180
Oshakati Country Hotel 309
Oshakati Guest Hotel 12
-I\Walvis 125
Casa Mia Hotel, Walis 125
Langholm Hotel Garni, Walvis 62
Protea Hotel Pelican Bay, Walvis 187
-I\Windhoek 228
Auas City Hotel, Windhoek 211
Hotel Thule, Windhoek 36
Kalahari Sands Hotel, Windhoek 258
Windhoek Country Club Resort 407
Average 148

4.2.1.4 SANS 204 comparison

SANS 204, Energy Efficiency in Buildingsipulatesmaximum energy consumption rates.
Table 14 compares the SANS consumption ratés the average survey result®r large

shops
Tablel4: Large shop- Energyconsumption andcomparison with SANS 204n kWh/m2/annum
Supermarket

Locality Supermarket | Warehouse shof Average SANS 204 Variance
Keetmans 407 407 240 419
Oshakati 496 163 330 245 51%
Walvis 596 58 327 260 56%
Windhoek 806 103 454 240 70%
Average 576 108 342 246 57%

While warehouse shops are well below the maximum stipulated by SANS 204, Supermarkets
exceedSANS 204 by a substantial margirkeetmanshoop supermarkets would have to
achieve energy savings of 41&d Windhoek supermarket&ould have to drop70% of
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their present energy consumption in order toeet the SANS 204 stipulated maximum

energy values. While energy efficiency savings are no doubt possible, saviyg0st are

improbable It is noted that thesinglemaximumvalueper climaticzondf 2 NJ ¢ Cm [ | NHAS { K2
asstated by SANS 204 would appear to be an over simplification, as large shops have vastly

differing functions as illustrated by the difference in energy consumption between

warehouse shops and supermarkets.

ResearK LISNF2NXYSR 2y nn GNBGFAf odHferhedd®é Ay [ |
averageenergy consumptiomf 259 kWh/mz/annum. The report indicated that 40% of retail
buildings sampled were below the SANS 204 benchmark level.

Table15: Office- Energyconsumption andcomparison with SANS 204 kWh/m?/annum

Private Office
Locality |Private office Public office Average SANS 204 Variance
Keetmans 61 28 44 200 -2289
Oshakati 103 82 93 190 -85%
Walvis 80 48 64 210 -1629
Windhoek 183 195 189 185 -1%
Average 107 88 98 196 -84%

The average office energgonsumption benchmarls for Namibia are well below the
maximum values stipulated in SANS 2045iven that some sophisticated office buildings in
Windhoek achieve energyonsumptionvalues of around 100 kWh/m2/annum, we consider
the SANS 204 maximum values todpethe generousside There are however,a number of
office buildingghat exceed theSANS 204 values.

Research findings on 41 office buildings in Cape Town (C Martin, 2011) resulted in an
average of 188 kWh/mZ/annum, while 44% of the office buildings sampled were below the
SANS 204 benchmark levEhis research result is similar to Namiboffice buildings.

Table16: Hotel - Energyconsumption andcomparison with SANS 204 kWh/m2/annum

Locality Hotel SANS 204 Variance

Keetmans 75 650 -7659
Oshakati 184 585 -2189
Walvis 125 600 -3809
Windhoek 227 600 -1649
Average 153 609 -2989

Namibian Hotelon averageoperate well below the SANS maximum enecgysumption
values. The highestindividual hotel energy consumption rataecorded is around 400
kwh/m2/annum.

It must be noted that SANS 204 maximum values were determined based on simulations of
Gy20A2yLf odzAft RAYy3Iae 2F Sl OK 200dzld yO& s | LILX A S
2007). SANS 20thus assumes that buildings must naturally comply with indoor comfort

levels indoorair quality and lighting levels requirements. Many of the sample buildings in

this study do not necessarily comply with all of these requirements.

Yy GKS NBFTSNBYOSR NB&SI elaggregad® The studyt &ealdféksyfad O Sy G NE
GNByGFrotSé FE22NI FNBI o0FaSR 2y adzyAOALIEt RIGEXZ @A
by dividing gross floor area by 1.25 to achieve a net floor area estimate.
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Figure7: Comparison of aergy benchmark resustwith SANS 204
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Figure7 shows the energy benchmarksult ranges and their average compared with the
SANS 204 stipulated maximum value for that building occupancy. The SANS 204 values have
been averaged across theur different climatic zones.

Clearly for hotels the SANS 204 maximum value is too lenient compared to batidahg
values, as even the most energy intensive hotel falls well below the SANS 204 maximum.

The SANS 204 values are towards the high erntieobffice results. This does not present
too much of a challenge for office buildingscomply with SANS 204

Supermarkets are a special case of the large an@upancy class. Clearly supermarkets
are high energy consumers and the results show aathroange of supermarket energy
benchmark values. The SANS 204 maximum value for large shops is at the bottom end of
supermarke® energy consumption.

Warehouse shopare another special case of the large skBagcupancy Warehouse shop
energy consumptiorrompares more favourably with the SANS 204 maximum energy value,
which suggests that this type of occupancy is more likely what is contemplated by the large
shop@ éxcupancy benchmark.
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4.2.2 Demand benchmark

Electrical demand is a measure of instantaneous power drawn by a consumer. Demand is
measured in VA (Volts x Amps). The VA value is continuously monitored and the maximum in
any given month is recorded. A punitive tariff is charged ttog maximum demand
exceeding predetermined limits, which is the case flarger electrical supply connections.

Electrical demands importantto power gereration, as the capacity of power stations must
match the demand at all times. As new generation capacity is expenbséntention of
maximum demand charges is to encourage consumersanage omove their load to off
peak periods The interested reader ig for examplecg referred to the Namibian demand
side study referenced in the Reference section.

While demand does not represent any value to the consumer, reducticiemand benefis
the consumer in terms of dollar savings

Not all of the buildings in the sample have demand meters instakbedthe demand
benchmarksample is smallethan in the cas of energy consumptiarin some casegsvhere
demand meters are installed, the supply authority charje FAESR KA & (G2 NA O ¢
demand value.As this doesnot represent actual demand values these cases a@s®
excludedfrom the analysis

SANS 204} 6dz I (1Sa

2

GYlF EAYWY AYgefmplita RS&¥¢ K& YI EA Ydzy
demand shall be based on the sum of 12 consecutive monthly maximum demand values per
I N6 RAOGARSR 08
value represents thaveragemaximum demanaf the 12 monthly demand valuesand not
a per month value.
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Tablel7 lists the average demand for the var®building classifications. Where there are
blanks there are no sample buildings with any demand metedtatg. Caution is necessary
with interpretation, as h some cases the sample comprisggy one or twosamples. Figure

8 displays theelectricaldemand benchmarkalues graphically.

Tablel7: Summary of averagelectricaldemand benchmarkin VA/m2

Locality 7 Hotel Private officg Public officelSupermarke| Warehouse shop

+ Keetmans 19 84

+Oshakati 25 105 118

+Walvis 31 13 120

+Windhoek 47 46 49 133 61

Average 37 38 37 117 90
YeKAA NBLRNI dzasa (wSyBiNmEe REXYWRREE KR OK2 OF y
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Figure8: Summary of averagelectricaldemand benchmarkin VA/m2
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Supermarkets have high demand benchmédures which is consistent with their high
energy consumption compared to the othlewilding classes

Many hotels typically use LRgfor cooking andolar or diesefor water heating. Similarly,
supermarkets use diesel or paraffin for thebakery ovens and LPag for restaurant
kitchens. The utilization of alternative energy sources assists thme reduction of the
electrical demand
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4.2.2.1 Large Shops (F demand

The averageelectricaldemand for supermarkets and warehouse shapsummarised in
Tablel8, and shown graphically iRigure9. The warehouse shop data represents only one
sample in each case. Over#ile average large sh@demand benchmark is 113 VA/mz,

Table18: Large ShopsDemand benchmarkn VA/m?

Locality 7| Supermarket | Warehouse shop Average

+ Keetmans 84 84
= Oshakati 105 118 108
= Walvis 120 120
= Windhoek 133 61 118
Average 117 90 113

Figure9: Large ShopsDemand benchmarkn VA/m2
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Climatic factoranfluencingthe demandbenchmark are ruled out, as the cooler climate of
Walvis Bay exhibits a higher averafgmand than both Keetmanshoop and Oshakati.

Table 19 provides detail of all of the demand values determined from tlege Sho@ Q
buildingsthat were sampledin the poject. Demand walues range from 61 VA/m2 (CTM
Windhoek warehouse shop) to 166 VA/m? (Shoprite Independence Ave., Windheéhk),
an averagelemandof 113 VA/m2,
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Tablel9: Large ShopsDetailed demand benchmark VA/m?

Locality -7| Supermarket | Warehouse shoq Average
-IKeetmans 84 84
JJ's Supermarket, Keetmans
Nuwe Welcom SPAR, Keetmans 84 84
-l Oshakati 105 118 108
CTM Oshakati
GAME Oshakati 118 118
Oshakati SPAR 110 110
Pick-n-Pay Family Store Oshakati
Shoprite Oshakati 123 123
Woermann Brock Oshakati 80 80
- Walvis 120 120
CTM Swakopmund
Pick-n-Pay Family Store Walvis 50 50
Protea SPAR, Walvis 164 164
Shoprite Walvis Bay 148 148
Woermann Brock Walvis 118 118
-'Windhoek 133 61 118
CTM Windhoek 61 61
Maerua SuperSPAR, Windhoek 135 135
Model Pick-n-Pay Wernhil, Windhoek 128 128
Shoprite Independence Ave., Windhogek 166 166
Woerman Brock Ae-Gams, WindhoeK 102 102
Average 117 90 113
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4.2.2.2 Offices (G1) demand

The office demand benchmark averages at 37 VA/m2. Similar to eramgsumption
electrical demand values are lower inother localities when compared with those in
Windhoek Thissuggess that less air conditioning and office equipmeris used n the
regions Note, however, that localities other than Windhoek have few buildings with
demand data. Public offices in Windhoek demand marginally more power than private
offices.

Table20: Offices? - Demand benchmarkn VA/m?2

Locality -T|  Private office Public office Average

+ Keetmans 19 19
+ Oshakati

+Walvis 13 13
+Windhoek 46 49 48
Average 38 37 37

Figure10: Offices” - Demand benchmarin VA/m2
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Table21 provides detail of all of the demand values determined from the Office buildings
sampled in the projectDemand valuegange between 10 VA/m2 (Ministry of Finance,
Keetmanshoop) t@ maximumof 63 VA/m? (Nedbank Business Centre, Windhoek), with a
demandaverage of 37 VA/m2. Of interest is the one year old Mutual Tower building in
Windhoek,designed as green building, which has a demand figure of 28 VA/m2.

2No offices with usable demand data could be identified in Oshakati.
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Table21: Officed? - Detailed demand benchmarkn VA/m?

Locality -| Private office | Public office Average
-IKeetmans 19 19
Agriculture Building, Keetmans
Karas Regional Council Office, Keetmans 29 29
Keetmanshoop Municipal Offices
Ministry of Finance, Keetmans 10 10
-1 Oshakati

Customs and Excise, Oshakati

Home Affairs Oshakati

Ministry of Finance, Oshakati

Oshakati Civic Center

Oshakati Premier Electric

- Walvis 13 13
Customs Building, Walvis Bay

Erongo RED HQ, Walvis

Fisheries Inspectorate, Walvis

Ministry of Finance, Walvis

Walvis Bay Civic Centre 13 13
='Windhoek 46 49 48
Brendan Shimbwaye, Windhoek 46 46
Ministry of Finance, Windhoek 58 58
Ministry of Home Affairs, Windhoek 42 42
Mutual Tower, Windhoek 28 28
Nedbank Business Centre, Windhoek 63 63
Sanlam Centre, Windhoek 48 48
Average 38 37 37
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4.2.2.3 Hotel (H1) demand

The average demand benchmark value for Hotels across Namibia is 49\@€uatfon is
necessary for average values for Oshakati and Walvis Bay, as each is based on only one
sample Hotel. The Windhoelemandaverage is based on four Hotels.

Table22: Hotel*® - Demand benchmarkn VA/m?2

Locality s Hotel

+ Keetmans

+ Oshakati 75
+Walvis 31
+Windhoek 47
Average 49

Figure11: Hotef® - Demand benchmarin VA/m2
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Table 23 lists the demand values determined from the Hotel buildings sampled in the
project. Demand values range betwe8&h VA/m2 (Protea Hotel Pelican Bay, Walvis Bay),
with the highest leing 75 VA/m2(Oshakati Country Hotel

3 This study could not identify hotels in Keetmanshoop that had usable maximum demand data.
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Table23: Hotel® - Detailed demand benchmarka VA/m?2

Locality
- Keetmans
Birds Mansions Hotel, Keetmans

-7 Hotel

Central Lodge, Keetmans

Schutzenhaus Guest House, Keetmans

—IOshakati 75
Afrika Stadt Haus Hotel, Ongwediva
Hotel Destiny, Oshakati
Oshakati Country Hotel 75
Oshakati Guest Hotel
-IWalvis 31
Casa Mia Hotel, Walvis
Langholm Hotel Garni, Walvis
Protea Hotel Pelican Bay, Walvis 31
-IWindhoek a7
Auas City Hotel, Windhoek 53
Hotel Thule, Windhoek 33
Kalahari Sands Hotel, Windhoek 40
Windhoek Country Club Resort 64
Average 49

4.2.2.4 SANS 204 comparison

SANS 204, Energy Efficiency in Buildings, stipulates maximum demand figures applicable to
each building classification according to Climatic Zomable24 compares these value$o
actual demand benchmark figuresbtained for large shopswhile Table 25 presents the

comparison for offices, antlable26 for hotels

Table24: Large shop¢ Demand benchmark comparison with SANS 20¥VA/m2

Average
Locality Supermarket | Warehouse shop Average SANS 204 Variance
Keetmans 84 84 90 -7%
Oshakati 105 118 111 85 24%
Walvis 120 120 95 21%
Windhoek 133 61 97 85 12%
Average 110 90 103 89 14%

It is noted thatthe benchmark values for large shops exceed the maximum value specified in

SANS 204.
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Table25: Offices¢ Demand benchmark comparison with SANS 20¥VA/m?

Average
Locality Private office Public office Average SANS 204 Variance
Keetmans 19 19 80 -3179
Oshakati 75
Walvis 13 13 85 -5699
Windhoek 46 49 48 75 -57%
Average 30 34 27 79 -1979

The average demand benchmarks for offices are lower than the maxiwalues stipulated
by SANS 204. Even the highest benchmarlemand value recorded i.e. 63 VA/m?
(Nedbank Business Centre, Windhgek) well within the maximum valustipulated by
SANSThismaysuggest that the maximum values stated in SANS128rkepossiblytoo high
for Namibian climatic zones

Table26: Hotel¢ Demand benchmark comparison with SANS 20#WA/m?

Average
Locality Hotel SANS 204 Variance
Keetmans 90
Oshakati 75 85 -13%
Walvis 31 95 -2039
Windhoek a7 85 -79%
Average 51 89 -73%

Hotel demand benchmarks are well below the maximum values stipulated in SANS 204

The highest hotel demanidenchmarkdetermined, i.e Oshakati Country Hotelt 75 VA/m2
is still belowthe SANS 2064 specification.
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Figure12: Comparison otlectricaldemand benchmark resustwith SANS 204
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Figurel2 shows thedemandbenchmarkresultranges and their average compared with the
SANS 204 stipulated maximum value for that building occupancy. The SANS 204 values have
been averaged across theur different assumed climatic zones.

For hotels and officesthe SANS 204 maximum value is too lenient compared to actual
building values, as even thénighest demand facilities fallvell below the SANS 204
maximum.

Supermarketsasa special case of the large stiogrcupancy clasexhibit a higher demand
on average tharSANS 204upermarketsexhibit a broad range ofdemand benchmark
values.

Warehouse shopsra another special case of the large sl@o@ccupancy.The average
demard for warehouse shogpis equal tothe SANS 204 maximum value, which suggests that
this subtype of occupancy is more likely what is contemplated by the large &lop
occupancy.
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4.2.3 Hotel occupancy benchmark

The study has looked at an alternatieeergy consmption and demandenchmark that
may be of use for the hospitality industiyiere, he energy consumption and demand values
for hotels have been benchmarkezs a function ofthe number of beehights sold. This
provides a benchmanwhich isrelated to hotd activity. Figurel3 compares therevious m?
area benchmark valuesith the new energy consumption per beatght benchmarks, while
Figurel4 compares the demand per m2 area benchmark values with the new demand per
bed-night benchmark

Figure13: Comparison of two hoteenergyconsumptionbenchmariks
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Auas City Hotel, Hotel Thule, Kalahari Sands Oshakati Protea Hotel Windhoek
Windhoek Windhoek  Hotel, Windhoek Country Hotel Pelican Bay, Country Club
Walvis Resort
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As shown inFigure 13, the Central Lodge Keetmamsop and Kalahari Sands Hotel have
similar hotel occupancy energy benchmark valugkjch are to becontrasted with very
different energy perm? benchmark valugswhich is due to thedifferent occupanes and
service offeringbetween the two

As shown inFigure 14, the Kalahari Sands Hotel and Hotel Thule have similar hotel
occupancy demand benchmarks, but different m2 demand values.

Occupancy has an indirect effect on the m2 benchmark. While a hotel will have base energy
consumption with zero occupancy, each bed sold will add to the base enengumption

plus the electricalemand. The hotel occupancy benchmark relates directly to the primary
business purpose of a hotel. proviso applies that hotels with energy consumed by
additional auxiliary functions will exhibit a higher hotel occupancy benchmark value than a
hotel which does not.

It is noted that thehotel occupancy benchmark & relevance forthe hospitality industry.
The bednight benchmark dates, understandablyof lessrelevanceto the electricity supply
industry, who prefer the more relevant electrical consunption and maximum demand
benchmarls.

44



Baseline Study on Energy Efficiency in Buildings fort he Namibia Energy Efficiency Programme

4.3 Assessment ofhe level ofefficiencyof buildings

While benchmarking of existing buildings provides a valuable insight into the present status
of energy consumption, what represents an efficient otefficient energy consumption
level for different building-lasse®

9FTFAOASY O Aa RBTANSR2 dzd LIdxii K&E2 Nd K3 2 A 2 LIdzi
energy this means that a function is performed more efficiently if it can be done with less
energy input.

The benchmarking exercise highlights that there is no simple-sedits-all energy
consumptionbenchmark levethat can easily be labelled aefficient. This assertion is
supported by:
1 The Large Shalassificatiorhavingwidely differing energy comsnption between
Supermarkets and Warehouse shops, and among various Supermarkets.
1 The Offices category shows a broad range of energy consumption.
91 Hotels offering different levels of serviceannotbe compared with each other

A simple regional public &ite building with no air conditioning, no IT equipment, limited
occupancy and dgy a few incandescent lamps (those that have not burnt out yet)
comprising the only energy consumption does not necessarily constitute energy efficiency.
In contrast, darge office building containing a high density of highly productreesonne]

by necessity requiring artificial ventilation argkating/cooling, may have a high energy
consumption figure but contribute far more to the weHbeing of the occupants, the
organisdion and society in general.

Efficiency is nohecessarily servebly merelyreducing the service offerings to reduce energy
consumption.This implies that the productive use of energy, in contrast to the absolute use
of energy, is a more relevant indicatof how efficiently electrical energy is used.

The simple regional public office buildiagd the sophisticated highise office tower both
may be the most economical means of operatifam their particular circumstancesand
needs

Energy efficiency means that in each individual case, the most efficient means of providing
the same or very similar levels of service, comfort and function of each building is realised.
Essentially each building competes with itself in terms of energgiaity. However,
benchmarking ofsimilar_buitlingsis necessaryto provide a means of comparispmhich
implies that thesimilarity of buildingsand their productive usess keywhen undertaking

such comparisons

The SANS 204 standards attempt to spetiiximum energy consumption leveldowever,
it is clear that where some actual buildings appear highly efficismtH as in the case of
Offices) compared to the standard, others appear highly inefficiegt Supermarkets). Thus
two aspects are importan
1) Building classificationshouldbe expandedand better definedo allowanimproved
comparison between similar buildings.
2) The maximum energy and demand levels specificatibasild bereviewed.
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The benchmarking exercise nevertheless provides soma clases of similar buildings
exhibiting efficient andessefficient energy consumption. For example:
1) Supermarkets:
a. Shoprite Independence Ave., Windhoek: 1080 kWh/m#annum.
b. Pickn-Pay Wernhil, Windhoek: 625 kWh/mZ/annu@#0% less)

2) Offices:
a. NedbankBusiness Centre, Windhoek: 256 kwh/m2/annum
b. Sanlam Building, Windhoek: 189 kWh/mZ/ann(26% less)
c. Mutual Tower, Windhoek: 104 kWh/m2/annu(B9% less than highest)

3) Hotels:
a. Windhoek Country Club Resort & Casino: 398 kWh/mZ/annum
b. Kalahari Sands Hotel & €a0: 260 kWh/mZ/annun{35% less)

The above anecdotal evidence suggests that substantial energy efficiency improvements
lessefficient buildingsare very likely, whiledmproving an already efficient buildinghay be
less viable.

The individual contlutors towards building energy efficiency are discusisethe sections
that follow, based on the sample survey of buildings in Namibia.
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4.3.1 Utilisation of energy sources

Various energy sources are available to choose from:
Grid electricity

Solar P\énergy

Solar thermal energy

Wind energy

Diesel

Paraffin

LP Gas

Bio-energy

= =4 =4 =4 -4 -8 -8 9

The predominant energy source is grid electricity. However, evidence of the use of all of
other listed energy sources were identified, with the exception of wind energy:

Solar PV energy is used for a cold roorthatOshakati Guest Hotél

Solar thermal energy is used for solar water heating.

Diesel is used for ovens, mainly bakery ovens.

Paraffinis used for a bakery oven at Maerua SuperSPAR, Windhoek

LP Gas is widely ed for cooking in kitchens.

Wood is occasionally used, for example in pizza ovens. This study did not quantify
the amount of wood used in such establishments, and also did not find evidence of

other bio-energy use (for example biogas).

= =4 =4 = -4 =9

Theuse ofalternative energy sources in addition to grid electricitgagsnman for hotels and
supermarkets.The choice of LP gas for cookimgtead of electricityis likely based more on

the economicefficiencythan onthe calorific efficiency of the process. Thain benefit of

an alternative fuel source is that they offset maximum demand charges on the electricity
account. The decisiam use such technologietherefore, ismost likelybased orimmediate

cost economics rather thamn energy efficiencgonsiderdions. Here it is noted thathie use

of alternative energy sourceemains a potentiathoicein that it is likely toreducethe
maximum demand and contribute to lower energy st the longer term

“Note that a kWh equivalent energy value ist mvailable for solar energy in this study, as metered
solar PV and solar thermal data is not available.

47



Baseline Study on Energy Efficiency in Buildings fort he Namibia Energy Efficiency Programme

Figurel5: Comparison oianergy sourcesised in the sampled hotels
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Where lotels use LPag for cookingpn average garepresents only 2% of their total kWh
energy consumption. For Hotel Thule, & consumptiorin the kitchencomprises8% of
the total energy consumption.

Protea Hotel Pelican Bay uses a diesel boiler for water heating. Diesel comprises 17% of their
energy mix, and this is reflected in their low maximum demand 32 VA/m? (Hotel average 58
VA/m2) and favourable load factor of 0.93. Howewaefeasibility study ampleted by Emcon

for Protea Hotels in 2007 indicated that diesel was not the most economic water heating
energy sourceat the time The report predictedthat the addition ofa solar water heating
component while retainingthe diesel boiler for boostindyad acheapetife-cyclecost, with

a breakeven of 5.5 years.

Using solar thermal energy is the most energy efficient means to heat water. However, it is
necessary to prove economic benefit before there will be a transition to solar by any hotel.
The building sample has too few hotelsnly one) using solar water heating testablishany

trend, but feasibility studies as part of an energy audit procssexpected tgorove the
business castor solarthermal equipmentin future.

Figure16: Comparison of energy sources used in the sampledge Shop

i

® Electrical
M LPGas

=}
xR

=}
xR

=}
E3

CTM Windhoek
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Maerua SuperSPAR, Windhoek
Nuwe Welkom SPAR Keetmans
JJs Supermarket, Keetmans
Pick-n-Pay Family Store, Walvis
Shoprite Walvis Bay
CTM Swakopmund
Protea SPAR Walvis
Woermann Brock Walvis
Oshakati SPAR
GAME Oshakati
CTM Oshakati
Pick-n-Pay Family Store Oshakati
Shoprite Oshakati
Woermann Brock Oshakati

‘Woermann Brock Ae-Gams, Windhoek
Model Pick-n-Pay Wernhil, Windhoek
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A number of spermarkets use diesel or paraffin for their bakery ovens. For Woermann
Brock AeGams, diesel comprises 25% of their energy 1@m.averagediesel or paraffin
comprises 12% of energy consumption for those whofassil fuelenergy

Table 27 lists the energy consumption benchmarks for supermarkets thetehbakery
ovens. The average for those that use fossil fuels for ovens (diesel and paraffin) is 687
kwWh/mz/annum, compared with 539 (22% less) for those that use electrical ovens. It would
appear that the use of fossil fuels is not necessarily energgieaffi It may be that using

fossil fuels is beneficial for economic reasons, for example due to maximum demand cost
savings and the reliability of services as a result of the diversification of input sources.
However, the efficiency and economics of bakewens would have to be investigated in
greater detail to determine their net cost and energy savings contributions, as the
benchmarking energy consumption aggregates all energy consuming processes occurring
within the buildings.

Table27: Supermarket oven energy sourdenchmark comparison kWh/m2/annum

Building -7 Diesel Electrical Paraffin
Maerua SuperSPAR, Windhoek 711
Model Pick-n-Pay Wernhil, Windhoek 625

Nuwe Welcom SPAR, Keetmans 343

Oshakati SPAR 552

Pick-n-Pay Family Store Oshakati 592

Pick-n-Pay Family Store Walvis 226

Protea SPAR, Walvis 725

Shoprite Independence Ave., Windhoek 1,080

Shoprite Oshakati 544

Shoprite Walvis Bay 764

Woerman Brock Ae-Gams, Windhoek 807

Woermann Brock Oshakati 297

Average 664 539 711
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4.3.2 Building envelope anarientation

The building envelope is the main contributor to the thermal energy consumption of a
building. The SANS 204 standards provide guidelineshierappropriate treatment of the
building envelope and orientation, without beingry prescriptive.

Qualitative data on the building envelope was collected during the survey. However, this
gualitative data $ mainly for record purposesnd cannot be used foin-depth analysis.
Observations based on anecdotal evidence can however be made from the survey.

The worst performing office building in terms of energyis interpreted to havea sub
optimal building envelopeomprisingsubstantial glazed arsamost ofit facing virtually due
Eas$ and due West witbut shading.

Emcon has previous energy benchmark data for office buildings with excessive exposed
glazing where the energy benchmark values are6 2BWh/m2annum and 230
kWh/mz/annum. Unfortunately these bulingsdid not respond to the invitation to join the
NEERroject.

Figurel7: Building orientation compared to energy benchmark
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Figure17 summariseshe data points of building orientation compared with thenergy
benchmark. Large shops are frequently either buried within a shopping centre or have no
fenestration®, making conriderationsin regard to their orientationrrelevant. In contrast,

hotel and office buildings do have fenestratiowhich implies thatorientation is often
important to reduce exposure of the fenestration and larger wall area to solar heatan.
compaison of orientation toenergy benchmarkloes not show a clear correlatiobecause

of aggregation of energy consuming processdse oversized office data poimefer to the

right hand side ofFigure 17, however, represents the worst performing office building,

!> Nedbank Business Centre, Ausspannplatz, Windhoek, 256 kWh/m#annum, 63 VA/m2.
%je. glazed windows
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where the building envelope and orientatiare likely to bethe main contributors to high
energy consumption.

The building envelope is a critical componentbuilding design. Incorrect design decisions
are unfortunately hards A NBR Ay (2 WeRefic cad@Reinédialynidasdres are
possible, but the cost cfuchremedial action on building envelopes is often prohibitive. It is
therefore crucial that building envelope considerations detgerminedat the time of design.

In our experience, the vast majority of building design is completiédowt any thermal
analyss being carried outto determine the thermal performance of the building. If any
singledesign component of a building requires careful design in order to get it right first
time, it is the building envelope.

The SANS 204 standards make provision forcprestructionthermal analysis to evaluate
the life-cycle costs o& building. Thermal design should be made as important as structural
integrity. Building planning approval should make building envelope performance
calculationsa compulsorypart of the process, for both naturahnd artificial environment
controlled buildingsThe building designers would be obligated to produce documentation
to substantiate the anticipated energy and demand benchmark values prior to construction.
We are of the opinionthat this single measure alone would make the most significant
contribution to energy efficiency in new building stock.

4.3.3 Heating, ventilationand air conditioning

Related to the building envelope is artificial environmental control for buildings, comprising
cooling, heating and ventilation (air conditioning). In some cabesuse ofpassive thermal
control measures areufficient,while in other cases, for exampler buildings where heat is
generated by people and processes within, artificial environmergatment is necessary.

Once artificial cooling or heatingecomes a requirementartificial ventilation is also
generally required, as the introduction of uncontrolled external air into the building
contributes to increased energy consumption. In Namibia, inland areas require
predominantly cooling, while the coast requires very little coolivigile some heating is
occasionallynecessaryUnfortunately, Namibia has no published, reliable, easily accessible
climatic data, which implies thatit is not possible to substantiate comments on climatic
variancesand locationspecific differences (e.g. Oshakati versus Walvis Bsipp reliable
degreedaydata. Such data should h@ovided bythe NamibiaMeteorological Service

Tradifonally, air conditioning is expected to comprise 70% of the energy consumption of
conditioned buildings. The choice of air conditioning technol@gyl control system
implementation can have a significant impact on the buil@ogerallenergy consumption

The efficiency of compressor based air conditioning is measased co-efficient of
performance (COP). A COP andicatesthat 1 kWh of electrical energy wdlpply2 kWh of
thermal cooling capacity. Older and cheaper single split air conditioniitg, wonsoletype
air conditioning units and old centralised chillers typically operate at a CQ@Fooihd 2.
Newer compressorauipment achieves a COP value of around 4 to 6.

bl YAO0AlI Qa 3ISYSNIftfte RNE Of AYIl apoularChdigeA (0 A 2 y &
cooling. Evaporative cooling typically operates at aroundt@® of the power required by
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conventional air conditioningThe evaporative cooling process is a natural process using

VI GdzZNBEQa NBTFNRISNI gniy requiset to Spetite a venfilRionSayi aridB & A a
small waterpump. Cognisance must be taken of water consumption considerations when
evaporative cooling is considered, as Namibia is also a vsatece country.

Figurel8: Coolingtechnologies usegber building class

Cooling technology
120%

100%
80% M Packaged units
W VRV system heat pump
W Single split heat pumps
60% No aircon
M Evaporative cooling single stage
M Evaporative cooling double stage
40% # Console units
M Central chiller
7%

20%

F1:Large Shop G1: Offices H1: Hotel

The survey indicates that large shops use mainly evaporative cooling, as evaporative cooling
is wdl-suited to large open spaces. Supermarkets also utilise compressor/refrigerant
technology in packaged air conditioning systems, single split units and centralised chiller
systems. The supermarket with the lowest energy benchmark figure (Woermann Brock,
Oshakati) employs evaporative cooling, while that with the highest energy figure (Shoprite
Independence Ave, Windhoek) usesmpressor basedackaged units.

The predominant air conditioning solutiomsed in office buildinggomprises single split
units. The lowest energy benchmark building in Windh@Mutual Tower)uses double stage
evaporative cooling together with some VR¥ystems.

Hotels utilise mainly independent split units for their air conditioning. While this is not the
most energy efficient sation, it has the lowest investment cost, potentially at the expense
of life-time energy cost. In general, multiple single split units contribute to high maximum
demand, as there is no centralised control over individual compressors.

VRV = Variable refrigerant volume.
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Figurel9: Heating technologies used per building class

Heating technology
100% e

90%
80% -
70%
60% M Heat pump

M VRV system heat pump

50% M Single split heat pump

No heating
40% ¢
61% M Electrical heating

30%  Console units (electrical)

20% 10%
N = i
F1:Large Shop G1: Offices H1: Hotel

The survey indicates that 61% of large shapes not provided wittheating. This is partially
due to their predominant use of evaporative cooling, which does not lend itselfredated
heating solution as heat pump equipment dods. Namibia large shops caroften do
without heating.

Offices use mainly single split units (70%), as heat pumps allow for both heating and cooling.
Only some 5% of office buildingare equipped wit more efficient VRV systemsyhile
approximately15% of offices use electrical heating elements (COP of 1.0). The heating
requirements in more active office buildings are low complaréeo their cooling
requirements.

Hotels show that single split unitseamused for heating, with a minority using electrical
heating in console units.

Figure20: Ventilation typeusedper building class

Ventilation type
100%

90%
80%
70% -
60%

50% ® Natural (windows)

@ Forced ventilation
40%

30% -+
20%

10%

0%
F1: Large Shop G1: Offices H1: Hotel
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Building ventilation choices are either natural ventilation (openable windows) or forced
ventilation (fan driven). When buildings are provided with natural ventilation and artificial
environmental control, the possibility exists that an uncontrolled portion of the conditioned
air is lost to the environment through natural uncontrolled ventdat The conditioned air is
replaced with external ajmvhich then leads to excessive volumes of air requiring heating or
cooling When the wind blows, a pressure differential exists around buildings, which draws
substantial amount of air through windowsnd other openingsin the building envelope
Uncontrolled infiltrationof air into or out ofbuildingscan accant for substantial energy
wastageand/or a requirement for higher capacity air conditioning equipment

In the USA and Australia the standard ified for leakage rates are 1.0 litres/m?/s at a test
pressure of 75 Pa in accordance with ASTM E286. Test results in South Africa indicate
leakage rates of 4.0 litres/m2/8Building leakage rates in Namibia are likely to be sintdlar

one anotheras similar materials and construction methods are usad-tightness of
buildings with artificial climate control and forced ventilation is therefore important to
SYKI yOS |enebggzifficiéhdyy 3 Q a

By definition, evaporative cooling generally implierced ventilation. Close to 90% of large
shops apply forced ventilationn partsdue to the fact that many use evaporative cooling,
but also because Supermarkets mostly do not have windand thus require forced
ventilation.

70% of office buildingsety on natural ventilation. This raises a concern, as office buildings
are predominantly cooled using individual split uniuch units do not provide any
ventilation as they purely reirculate indoor air while they cool or heat it. Thugany office
buildingsmight wasteconsiderableenergy throughuncontrolled ventilation

93% ofhotels also rely on natural ventilation and are predominantly conditioned using single
split units. In general, hotel design is such that cross ventilation across the bisldiimited

due to closed room doors and rooms which are separated by a central corridor. Theis, ho
energy wastage mightot be asmuch of a problenas for office buildings.

The air conditioning technologidentified in the surveysuggeststhat there issignificant
room for improvemenin energy and demand reduction in buildings in Namibia.

4.3.4 Lighting

Artificial ighting in office buildingss traditionally estimated to compriséetween 10 and
20% ofmaximum demand. Thus, while artificial lightimgy not beas significant an energy
consumer compared with air conditioning, it doesnsume sufficient energy to warrant
careful attention

A first-order qualitativeevaluation of the distribution of lamp types used in each building
was made during eadbuilding walkthrough, in an attempt to ascertain the general type of
lamp technologyused It is emphasised that the approach used would have been more
rigorous hadproper energy audits been done.

Figure 21, however, suggests that in all building classifications, the predominant lamp
technology used is fluorescent, with son@mpact Fluorescent LamgCF) . A small
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number of energy efficient halogen lamps aedso used, mainly for architectural lighting
purposes. Negligible quantities afght Emitting DiodéLED lamps were in evidenceand
very small quantities of incandescent lamps weracountered. It would appear that
advocacy of CFL and fluoresctamps as dicient light sources havieorne fruit.

Figure21: Lamp type distribution
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50% - M Compact fluorescent (%)
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40% W Halogen (%)
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The lamp type is the main determinant of lighting efficientamp output efficiency or
efficacy ismeasured in lumens per watt. Typical lamp lumen efficacy ranges for different
lamp types are illustrated irfFigure22. There is a distinct difference between incasdent

lamps (which includes halogen lamps) and fluorescent, CFL and LED type lamps.
Consideration should not only be given to lamp efficacy, as different lamp types release
differing amounts of heat, which contribute to increased internal heat load, wimdurn
increases the energy consumption of air conditioréoglipment

Figure22: Typical lamp efficacy ranges
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In addition to the efficacy of a specific lamp type, the efficiency of the luminaire into which
the lamp isinstalledmust be considered.uminairesprovide different efficiencies in terms
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of the amount of light from the lamp that is directed to where it is required. The lower
efficiency luminaires absorb much of the light and are typically cheaper, and fore#sen

most buildings tend to be populated with lower efficiency luminaires as decisions are made
on pricerather than ontotal cost of ownershig®

The control gear commonly used with fluorescent lamps also contributesenergy
efficiency. The trend is towards the use of electronic ballasts for fluorescent luminaires, but
while prices of electronic ballasts hastoppedin recent years, a price differencemains If
luminaires are purchased purely on pri¢cbeen they are likely tocontain old wirewound
ballasts which generate more heat, reduce lamp life arebult in asuboptimal power
factor. Older buildingswhich have not been renovated for some timssually haveolder
wire-woundballasts still iroperation

FHgure 23: Average illumination levels
1,600

1,400 !
1,200
1,000

800

600 F

400

200

Illumination range (Lux)

Private office Public office Supermarket Warehouse shop
Max 600 520 680 1,450
Min 150 70 375 1,300
Average 371 353 518 1,350

lllumination was measuredwithin office buildings and large shops. Where possible
illumination measurements were takedeep within the building where there was little
daylightcontribution, in order to measure artificial lighting levels

Officesrevealedilluminations levels ranging from 7€ 600 Lux, whereas SANS 104114

(G Ly 3GSNR 2Rt T: ArHiéal Lightieg of Interiarscalls fora500 Lux minimumwith a
legidated minimum level of 300 Lux for safety reaso@emmon practise, however, suggests
that 300 Lux is sufficient, taking into account the widespread use of computer screens. It is
alleged that at a level of 300 Lux, vertical and horizostafaceillumination levelsare
similar, which leads to reduced eye strain for office workers. The average level of artificial
lighting in offices from the buildings surveyed appears to be reasonable, while the minimum
levels recorded are cause for conceWihile it is nded that SANS 10114 is mandatory, its
enforcement and the monitoring of compliance is lacking.

® The cosbf the lamp is usually included in the initial price of the fixture. The purcl@&secision is,
in our experience, primarily based on aesthetic considerations, and sometimes on price. Very few
purchasers seem to consider légcle costs (total cost ofwmership), or the type of lamp they are
acquiring. On replacing a lamp, purchasers often seem to make their individual purchase decision
based on price. It is emphasized however that the present study has not been able to substantiate
the above observationwith data collected during the study.
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Retailers typically call for design illumination levels of 1,000 Lux for effective display of
merchandiseand improved salesSANS 1011% specifies minimum illumination levels of

500 Lux for large retail areas. The values recorded for supermarkets average just above the
minimum, but recorded artificial lighting levels farpermarkets range from 375 to 680 Lux.

lllumination kvels for varehouseshops were taken during working hours and unavoidably
include daylight contribution. The warehouse shops include three CTM outlets. The CTM
warehouses have significant dayligtdntributionsfrom generous skylights. At the time of
readng, no artificial illumination was operating, so these values represent pure daylight
contributions. GAME Oshakati is also classified as a warehouse sthepeartificial lighting
wason averaganeasuredo be 1,300 Lux.

The survey included qualitative evaluation of the level of daylightsed by the building
with the following classificatian

1 Poorc artificial lighting required all day

1 Reasonable some artificial lighting required

1 Goodg very little artificial lighting required

Large shops showed a combination of poor, reasonable and good daylight utilisztioms
KI @A ygeodd OW | a avard mnélyliof 2h¢ warehouse typehaving skylights.
Supermarketdesigntypically preventsdaylight contributiors. Supermarkets, naturlly those

not buried on the lower floors of a mulkvel shopping centre, could reduce their artificial
lighting energy consumption bgllowing controlleddaylighting Large warehouse shops
such as the CTM buildingseldom requirethe use ofartificial lightingduring daytime hours
yet achieve exceptionally high illumination levels. The qualitglaflighting in terms of
colour rendering is an adddaenefit. It is, however, important thatlay-lightingis achieved
without the introduction oftoo much heat. In general this simply means that direct solar
irradiation must be avoided.

Figure24: Qualitative assessmenf day lightinglevelsper building class
12

11

10

M Poor (artificial required all day)

M Reasonable (some artificial required)

Number of buildings
o

u Good (very little artificial reqd)

F1:Large Shop G1: Offices H1: Hotel

In generaloffices exhibit reasonable to good use aintiination. Hotels also allow sufficient
daylight into the bedrooms (the room where daylight was evaluated for hptels
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Figure25: Comparison ofighting control methodsper building class
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The control of artificial lighting is anotherreawhere energy can be saved. Most of the
buildings surveyed are furnished with conventional light switches, which make the building
occupansresponsible fothe control of illumination.

An improvement toconventional switching is a central switch from where the majority of
lighting can be switched on or off by building occupants.

Only one office building was encountered which incorporated occupancy sensing to control
lighting (Muual Tower, Windhoek), ahone lotel has a lighting and air conditioning control
system installed for their rooms (Kalahari Sands Hotel, Windhoek).

While building owners and operators appear to have migrated to more energy efficient lamp
types, there istill considerablescope or energy savings the areaof lighting.

4.3.5 Hot water

The survey results indicate that hotels and large shmgslominantly usedirect electrical
heatingfor hot water, followed by diesel boilerOnly one hotelusessolar with electrical
backup. No evidence was found of heat pumps being used for water heating.

A recent study undertaken by Emcogvealedthat solar heatingcombinedwith heat pump
boosting was the most cost effective means of water heating. Baseadterviews with
building owners and operators, weadgethat few understand the economic benefits of solar
water heating.
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Figure26: Energy sourcesised for water heating
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4.3.6 Elevators and escalators

A survey of elevator technady did not form part of this study.

Older elevators use geared or gearless AC induction motors, which drive the elevators
against a counterweight on the way up and on the way down. More recent elevator
technology has moved towards variableltagevariablefrequency drive motors (essentially
speed controlled motors) and regenerative elevator technology, both of which save energy.
In regenerative elevators, the motor is turned into a generator when the elevator car moves
down, which generates power which fisd back into the electrical systemndin this way
reducesthe overall energy consumptiorSavings on daily energy consumption of around
50% have beereported when this type of technology is employed

Elevator technology is seldom renovateldie to high capital cosEmcon has recently texd

an increase in the renovation of 3@ar old elevators in public buildings. For high rise
buildings with very active but old elevators, and for new buildings, there is likely to be an
energy and total cost of ownership benefihenregenerativeelevata systemsare installed

4.3.7 Renewable energy sources

Only one case of PV power generation wieshtified in the survey. Oshakati Guest Hotel has
a cold room which is PV powered.

Previous studies have shown that solar water heating is both highly effemtidtesfficient

for water heating, and that the total cost of ownership is lower for solar water heating than
any other technology at present. It is therefom®ncerningthat only one of the hotels
participatingin the survey useSWH.
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bl YAOALI Qaendfdy kegourgeisyoBated along the coast. No wind engygiemwas
encountered, but wind could easily be a part of-site renewable energy generation if
feasibility can be shown.

Another renewable energgourcewith future potential is biogas. Hoteleave significant
water-borne and organic kitchen waste which, if passed through a biogas digester, could
likely generate gas which could be used either for cooking or (if viable) for peak power
generation.

4.3.8 Appliances

Appliances were not surveyed in detail during the study, as the scope of such work falls into
the realm ofa detailedenergy audit.The energy source for major equipment was surveyed
and is reportecbn in detail below.

The survey did note that there @lmost no building withoutsome IT and office equipment
such as fax machines, photocopiers, scanners, shredders, eggdters and electronic
scales.

Supermarkets are intensiappliance usersas they commonly include kitchens/restaurants,
bakeiiesandbutcheries

Hotels require a wide range of kitchen equipment, refrigeration and laundry equipment.

The use of more energy efficient appliances and particularly knowledge of the energy
implications of technology choices is important.

4.3.8.1 Kitchen equipment

Kitchens use a variety ddlectrically poweredequipment including stoves, ovens, fryers,
microwave ovens, steam ovens, can openers, slicers etc. Commonly, cooking appliances
applythermalenergy which implies high energy consumption.

Figure27: Comparison of energy soursdor kitchen equipmentper building class
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A significant portion of hotels (93%) ulsE @sin their kitchens, wWile only 7%relying solely
on electrical appliances. Those using only electrical energga@renonlythe smaller hotels.
Clearly gas is the popular choice, because gas cooking is faster and more easily controlled.

The majority of large shops (71%) usega&in their kitchens

The surveyedsample for officedncluded only one restaurant(included with the energy
consumption in Mutual Tower, Windhoekyhich renderghe informationlessuseful.

The relative energy efficiency and economics of LP gaslestrical cooking appliances
ySSRa (2 0SS NBaSINOKSR F2NJblYAOAIFIQ&a &LISOATFAO

4.3.8.2 Bakery ovens

Figure28: Comparison of energy sources used for bakemens per building class
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Hotels and large shopg are equally split between these of electrical or fossil fuel energy
sources for baking ovendhe relative energy efficiency and Hfgclecost comparison
between these various fuel sources should be determined. While the process efyicén
ovens remains relatively constant (barring major technology developments), the consumer
price of energy sources fluctuates. A4ifgclecosting tool for baking ovens should therefore

be developed that can be updated regularly and used for decisiking.

4.3.8.3 Laundry equipment

Laundry equipment typically comprises washing machines, tumble driers and ironing
equipment.

93% of the hotels surveyed have their ownhiouse laundriesall of themusing electrical
energy topower their machinesNo data was collected on the energy source for laundry hot
water, as it cannosimply beassumel that the hot water energy used in the hotel tise
same as that used for tHaundry.Some laundriesntroducesolar or diesel heated hot water
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into the laundry machines while dhers allow the laundry machines to heat water
electrically.

There is a need for detailed investigation into tkmergy efficiency and economics of
laundry operatios, as thiscan bea significant component adihotelQ &  @n2rdyluse.

4.3.9 Power factor correction

t26SNJ FI OG2N) O2NNBOGA2Y Aa | F2N¥Y 2F SySNHe@
SANS 204 specifies that the power factor in buildings should not be lower than 0.95.

Power factor was not measured for tiseirveyedbuildings, but no evidence of power factor
correction (PFC) equipmentvas noted. This doebowever not mean thatnone of the
surveyedbuildingsusesPFC.

Experience shows that power factor correction, when applied to buildings subject to a
maximum demandariff, shows excellent returslon investment.

4.3.10 Future equipment purchases and renovation

Respondents were asked what their immediate equipment purchases and renovation
requirements wereThe majority (65%) of respondents indicated that they were giagto
purchase new equipment in the near future. The answers were grouped into similar
equipment categories. Mostrespondents intend purchasing electronic and cooking
equipment.

Figure29: Intention to purchase electrical equiment

If yes, what type of equipment?
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Air conditioning — f‘
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Sauna @ 1
Casino machines _H 1

Two thirds (66%) of the buildings surveyed indicated that they were owner occupied. Of
those that were tenant occupied, some 82% of the tenants are responsible for the electricity
account. Supermarket occupancy is mostly tenanted. A tenant occupied louitday

represent a barrier to energy efficiency conversions and upgrades, particularly where such
conversions or renovations involve substantial investments in fixed assets. The building
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owners may be satisfied with their rental arrangement, and as thertebaars the burden

of the electricity account, the owner is unlikely to be motivated to invest in energy efficiency
measures unless a new rental agreement can be negotiated. Such negotiations are not
necessarily straightforward.

Figure30: Building occupncyby owner or tenant
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Over half (55%) athe building occupants indicated that they have occupiedittoairrent
premisesfor less than 10 years, with the longest building occupancy being 40 years (Walvis
Bay Civic Centre).

Figure31: Duration of occupancyn a particular building
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More than half of the respondents have occupied their building for less than 10 years, while
just over half intend making changes within the next 2 years. This, despite the fact that the
sample includes a significant number of public buildings, suggestdhbre is a fairly high
churn rate.
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Figure32: Intention to renovate/expand/move
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4.3.11 Load factor

The loadfactor is a ratio represented by the average power divided by the peak power, over
a givenperiod of time.As such, ie load factor provides an indication tife variability of a
0dzA £t RA Yy 3Qa, il Hoadi fdoOok 1i iddicatmitiat the building operates at a
constant loadacross the monitored time perio@dnd aload factor of 0.50 indicatg that the
building maximum demand is double the averagegower consumptionrate in the given
period.

The load factor for all buildings that have a maximum demand value has been calculated
based on the annual benchmarking figurésarge shops and hotels show similar average
load factors of around 0.60, while office buildinigave anaverageload factor ofaround

0.40. Office buildings exhibit a lowéoad factor due to shorter operating hours apdssibly
because most office buildiys employ single split air conditioning, which contributeshi®
variability of the electricity demand

Normally a high load factor indicates that loads are even and maximum demand charges are
being kept to a minimumEor exampleProtea Hotel Pelicanay has a high load factor of
0.93. The use of diesel for water heating and LP gas for cooking, while the diefdaen
makes air conditioning necessary, resultsféwer demand peaksand reduced demand
variability.

Low load factors are experienced by EloThule (0.13) and CTM Windhoek (0.19). In the
case of Hotel Thulethe peak load islikely caused by high occupanaptes (all air
conditioning operating, laundrgperations functiors) in the evening, while over night and
during most of the dayhe consumption of electricityis lower. In the case of CTM Windhaek
the artificial lighting and air conditioning are generally; afihly occasionallyare they
switched on together. In these two cases it is believed that the low load fatetdt more
from goodload managementand notas a result otincontrolled loag.

The bad factor as a statistic on its own is nparticularlyvaluable. A building may be highly
energy efficient or inefficientirrespective of the load factor. The load factor, however, is
useful asan additionaltool to highlight ifthere is a high maximum demand. Buildings with a
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low load factor need to check whether load management shouldapplied to reduce
demand.

Table28: Load factomer building

Building -7| F1: Large Shop | G1: Offices | H1: Hotel
Auas City Hotel, Windhoek 0.45
Brendan Shimbwaye, Windhoek 0.47

CTM Windhoek 0.19

GAME Oshakati 0.29

Hotel Thule, Windhoek 0.13
Kalahari Sands Hotel, Windhoek 0.74
Karas Regional Council Office, Keetmans 0.17

Maerua SuperSPAR, Windhoek 0.60

Ministry of Finance, Keetmans 0.30

Ministry of Finance, Windhoek 0.43

Ministry of Home Affairs, Windhoek 0.48

Model Pick-n-Pay Wernhil, Windhoek 0.56

Mutual Tower, Windhoek 0.43

Nedbank Business Centre, Windhoek 0.46

Nuwe Welcom SPAR, Keetmans 0.46

Oshakati Country Hotel 0.47
Oshakati SPAR 0.57

Pick-n-Pay Family Store Walvis 0.51

Protea Hotel Pelican Bay, Walvis 0.68
Protea SPAR, Walvis 0.51

Sanlam Centre, Windhoek 0.44

Shoprite Independence Ave., Windhoek 0.74

Shoprite Oshakati 0.50

Shoprite Walvis Bay 0.59

Walvis Bay Civic Centre 0.57

Windhoek Country Club Resort 0.73
Woerman Brock Ae-Gams, Windhoek 0.91

Woermann Brock Oshakati 0.42

Woermann Brock Walvis 0.64

Average for Building Classification 0.54 0.42 0.53
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4.3.12 Opportunities for improved energy efficiency

The survey has onlyonsideredthree common building classifications, and timeal sample
size of 52 buildings is small. However, the results stiat some buildings use between
26% and 60% less energy than comparable inefficient buildings.

Based on the results of the survey it is concluded that there exisstantialopportunities
for improvements to energy efficiendy NamibiaQ & LJdzo f ateCbuildingRecthdNRA &

In considering energy efficiency improvements, attention must be given to all building types
and not only the three included in this benchmarking study. Also, attention must be given to
the substantial existing building stock, as wadl any new construction in any attempt to
improve the overall energy efficiency of buildings. Existing buildings are typically only
renovated every 1@o 30 years averaging at around 20 years, with an average building life
of 80-100 yeargHolm D et alZ007)) Quch renovations seldom target obsolete technology
such as lighting, elevators and air conditionialihough the life of mechanical equipment is
typically 1520 years It is therefore imperative that efficiency converssoof existing
building staek are accelerated, as waiting for the next-P0 years for technology changes
will be costly.

Themix of where real energy saving opportunities will be founspiscific to each individual
building, but relatively common to similar occupgngroups The sections above, and
common energy audit practise, suggest whereagply energy efficiency measures most
costeffectively, andook for inefficient practises.

In addition to thetechnologyspecific energy efficiency measures discussed in the sections
above, there are a host of interventions which are possible which involve little or no cost.
These relate mainly to operation and maintenance procedusss well asawareness
creation and behaviour changeamong building occupants. Webserved somesimple
measures taken bysome survey participantssuch as hotel housekeeping staff being
specifically trained and monitored in respect of switching off unnecessary loads when
making up roomsSuch small changes may in their own way contribute to making eneegy us
more productive without necessitating any capital investments.
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4.4 Market perceptionsof energy efficiency

An appropriatemanagementrepresentative for each building was interviewed during the
survey to attempt to gain an understanding of the marketgagations on energy efficiency.
A series of questions were posaéfer to Appendix 2 to these respondents. The results are
presented in this sectiont is noted towever thatthe resultsobtained are generallythe
personalopinions andoerceptions ofanindividual interviewed andannot always be backed
up by actual fact

4.4.1.1 Understanding of energy charges

58% of the respondents answered that they understaribw their electricity tariff is
calculated However, when asked to explain what tariff was being charged, the number who
could answer reduced to 32%f the survey sample respondents is concludel that only
approximately onethird of the building operatorsinterviewed understand their electricity
tariffs.

Most building operators appear to have a reasonable understanding of what contributes to
high energy consumption, as the equipment identified by most respondents typically is the
higher energy useequipment. However, aly an actual energy auditcould determine
whether the respondents in fact answered correctly for their facility.

Figure33: Assessment of théargest energy cosih the surveyed building
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4.4.1.2 Energy control measures

Some 45% of respondents claim to hasedenergy control methods. Of those, most of the
energy efficiencyneasures introducetiave beerin form oflighting control, which suggests
that advocacy for energy efficiency lamp replacement (particularly thea@¥hcacy) has
had an impact.

Load control measures include hotels hotseping staff being trained to switch off
unnecessary loads when making up roorasr example Kalahari Sands Hotel and Casino,
has installed an energy management system in theirmeao control lighting and air
conditioning loads according to occupancy. Hotel Tloalehe other hanchas installed solar
water heating. Overall though, the survey indicates that attemjaisintroduce energy
efficiencymeasures remain very limited.

Figure 34: Assessment of theiseof energy management systems

Do you use any energy management systems
or methods?

Figure35: Assessment of the energy savimgeasuresmplemented

What energy saving measures have you
implemented?

Lighting control | 21

Aircon control

Load control

Energy saving lamps
Cover fridges at night

Energy Management System

Solar Water Heating
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4.4.1.3 Energy efficient equipment purchase

More thanone half (55%)f the surveyedrespondentsindicated that they consider energy
efficiencycriteria when purchasing new equipment. Of those wiesponded that they did
not consider such criterid®5% indicated that they would consider energy efficiency if they
had clear infomation available. Thus, there imaedfor information on energy efficiency of
equipment and appliances.

Those who did consider energy efficiency were asked for examples of the type of equipment
which they consideredo be energy efficieh at the time of purchaseFigure 36 again
confirms thatthe energy saving lamp advocaayitiative has had an impact while the
remainder oftechnologies and measuresn the list includes equipmenthere energy
efficiencyoften doesform part of thepurchasingdecision process

Figure36: Assessment oénergy efficient equipment considered

An example of energy efficient equipment considered?
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4.4.1.4 Perceptions regarding energy audits

Only 26% ofnhe surveyelNB a L2 Yy RSy i1 a KIF @S KSFNR 2F GKS GSNXY
(4% of all respondentsgdre under the impressiothat they have commissioned an energy

auditin the past Of those again, two respondents claim to have implemented changes as a

result of anenergy audit.

Those respondents were asked what measures were implemented. From the amgvesn,
it was clear that only 1 out of 50 respondermizuld provide cleaevidence of what may be
called an energy audit.e.Pickn-Pay Wernhil Park, Windho€k

It is clear that the majority (74%) of building owners and operators are not awatleeof
benefits ofenergy audits.

19 Subsequently it became apparent that all PieRay branches underwent energy audits.

69

(



Baseline Study on Energy Efficiency in Buildings fort he Namibia Energy Efficiency Programme

4.4.1.5 Willingness to change

A series of questions weresked to attempt to understand the willingness of building
owners and operators to improve their energy efficiency, or their carbon footpaimd their
perceptions regardinthe associatedavingpotentials

Three quarters othe surveyedrespondents (7%) believe that their operations are either
normal or highly efficient. The breakdown per sectbownin Figure37 illustratesthat large
shops (the highest energgonsumers) are the most optimistia regard to their energy
efficiency followed by offices where only 20% believe that their building is inefficient. In the
absence of clear informatioprovided by energy audits andomparative benchmarks,
building oper&ors will remain ignorant about the actuehergy efficieny of their building

Figure37: Perception of own building energy efficiency

How energy efficient do you consider your
building?

H1:Hotel

G1: Offices

F1:Large Shop

0% 20% 40% 60% 80% 100%

M Inefficient ™ Normal & Highly efficient

Figure38 showsthe response to what level of savings would encourage management to
decideto changefor improved energy efficiencylhe majority (8% of respondents would
be happy with up to a 20% dollar cost sagingith some willing to go as low as 1%, wote
particular respondent suggesting that even a 1% improvememresents cumulative
saving.

It wasinitially thought that those respondenta&sho wanted to halve their energy costs were
unrealistic As was shown in Sectidn3 however, there is evidence of some office buildings
functioning with 60% less energy thalearlyinefficient buildings
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Figure38: Assessment of theost saving required to encourage change
|

How much energy cost savings would make
you want to change’
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0 +— i E i
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Only 36% of respondents would be prepared to pay a higher rent for a more energy efficient

building. Those who said no (64%) qualified their answer with commentsastich
T ahytfeée FT2NJ I 20 2F SySNHe al gAay3aéo
T ab2 ARSII L R2Yy QG KIFI@S OfSIENIAYT2NXIGA2YyE D
f aLi RSLISYyRa 2y (KS NByilié¢o
T db2 ARSI lo0o2dzi GKS O2aitasx GKSAS INB 3I20SNYY
T a5SLISYRa AT TFTSIaArAo0ftS SO2y2YAOLffeaégo

The commentsmply that if a clear business caseigtx for a more energy efficient building,

more tenants wouldikelybe prepared to pay more rent for a moemergyefficient building.

Sme 44% of respondents stated that they would pay a higher rent for a green building,

irrespective of cost savingshi§ is 8% higher thathe response to the questiombove.

'Y F2NIldzy 6Ste GKS FTRRAGAZ2YI jdzSatdAz2y 2F dagK
LISNOSLIiA2Y GKFG a3aINBSYyé¢ YSIya | KSFEGKASNI 62NJ
care about global warming bwnderstand the reality of business decisions, or perhaps

respondents recognise the marketing valueoperating froma green building.

4.5 Identification of buildings for future energy audits

A list of buildings for which energy auslitre recommended isequiredfor the NEEP project
A priority list of buildings has been extracted from the energy benchmark dased orthe
following criteria:
a) All buildings with annual energy consumption exdegdthe average of their
building class are included.
b) The Ist is prioritised according to their total annual energy consumption
(kWh/annum).

The logic behind this approach isdptimise returns for a given investment.

The result is shown ihable29 for 21 buildings which exceed the average energy benchmark
for their class of building, prioritised according to annual energy consumpilodel Pickn-
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Payfacilities should be excluded frorthis list asthey have already undergonan energy
audit and remedial measures are being implemented.

Table29: Buildings recommended for an energy audit

Energy Benchmar Annual Energy
Priority | Building Building description| kWh/m2/annum | kWh/annum

1 Windhoek Country Club Resort Hotel 398 5,877,336
2 Kalahari Sands Hotel, Windhoek Hotel 260 3,250,654
3 Sanlam Centre, Windhoek Private office 189 3,157,105
4 Model Pick-n-Pay Wernhil, Windhoek|Supermarket 625 2,935,915
5 Maerua SuperSPAR, Windhoek Supermarket 711 2,248,805
6 Brendan Shimbwaye, Windhoek Public office 190 1,933,589
7 Shoprite Independence Ave., WindhogRupermarket 1,080 1,610,794
8 Woerman Brock Ae-Gams, Windhoek Supermarket 807 1,573,458
9 Shoprite Walvis Bay Supermarket 764 1,562,801
10 Ministry of Finance, Windhoek Public office 219 1,562,262
11 |Protea Hotel Pelican Bay, Walvis Hotel 257 1,054,239
12 |Ministry of Home Affairs, Windhoek |Public office 177 964,789
13 |Woermann Brock Walvis Supermarket 667 959,000
14 Protea SPAR, Walvis Supermarket 725 794,050
15 GAME Oshakati Warehouse shop 304 672,197
16 |Nedbank Business Centre, Windhoek|Private office 256 570,819
17 |Oshakati Country Hotel Hotel 305 402,909
18 |Auas City Hotel, Windhoek Hotel 238 195,314
19 Hotel Destiny, Oshakati Hotel 193 165,663
20 Ministry of Finance, Oshakati Public office 113 113,236
21 |Customs and Excise, Oshakati Public office 116 38,827

The cumulative sum of totainnualenergyconsumptionper building in priority sequence is
presented inFigure39. The form of the curve illustrates the rate of energy being addressed
from the start of the audit sequencdhe top 10 buildings €11, excluding 4) represent an
annual energy consumption of 22.8 GWh. The next 10 building81(jL2present an annual
energy consumption of 8.9 GWh. The probability and extent of energy savings on the first 10
buildings expecteda be higher than for the next 10 buildings.

Figure39: Cumulative annual energy consumption vs. building priority list
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5 Domestic Benchmarking

5.1 Current dectricity demand in the domestic sector

As indicated below, @mestic consumption is an important component of total energy
consumption. Energy data from a sample of the various regional electricity distributors
(REDs) and town supply authorities has been evalu@iaded on the local authority tariff
structure)to determine how muctelectricalenergy is consumed by residential consumers.

The data excludes large consumevkich arenormally supplied by NamPowemncluding
mines and largely excludes rural consumptjothus fairly represening urban energy
consumptian only. The results presented ifiable30 and Table31 indicatethat around40%
of urban electricity consumption isconsumed bydomestic customers which implies that
around 60%of urban electricity consumptionis of commercial industrial and istitutional
nature.

Table30: Namibian urban energy consumption bgupply authorityin 2010

Supply authority Residential MWH All MWh Residential 9
Northern RED (NORED) 117,366 245,424 48%
Oshakati Premier Electric (OPE) 16,838 53,512 319%
Central-Northern RED (CENORED) 40,239 148,914 27%
Erongo RED 153,881 392,390 39%
Windhoek 328,892 748,184 44%
Mariental 7,504 23,387 32%
Total 664,720 1,611,811 41%

Table31: Namibian urban energy consumption by localitiyn 2010

Locality Residential MWH All MWh Residential 9
Otavi 1,420 6,490 22%
Kamanjab 360 1,512 24%
Mariental 7,504 23,387 329%
Outjo 2,598 8,080 32%
Grootfontein 6,140 18,396 33%
Walvis Bay 79,677 232,278 349%
Khorixas 1,731 4,710 37%
Tsumeb 9,808 25,032 39%
Otjiwarongo 12,742 31,644 409%
Okakarara 1,157 2,713 43%
Windhoek 328,892 748,184 449
Usakos 1,954 3,867 519%
Regional Council Areas 1,840 3,575 519%
Swakopmund 52,844 97,211 549%
Henties Bay 6,600 10,306 64%
Karibib 3,632 5,449 67%
Arandis 3,934 5,726 69%
Totals 522,833 1,228,560 43%
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In 2010,b I YA & A | Qextricity 2dnsuptioBamounted to approximately 2.7 TWh,

including rural consumption and miningput excluding Skorpion Zinc Minexports to

neighbouring countrieand line lossesThe totalelectricity use in the supply authoritieQ

territories as summarisedin Table 30 thus representsalmost 60% 2 ¥ bl YAO0 Al Qa (2
electricity consumption in 2010, while thetal consumptionfor the localiiessummarised in

Table31 constitutessome46%o0f the total national electricity consumption in 2010

5.2 Projected energy service needs in the domestic sector

While it is clear that theexisting level of electricity consumption in the domestic sector is
significant (representing more than 40% of the electricity consumption in urban areas) it is
important to consider the longeterm projections for energy service demands in the
domestic gctor.

Based on experience in emerging economies internationally, it is expected that there would
be a significant increase in domestic energy consumption in Namibia overagraverage
household income levels increase. This anticipated trend woul@drb@utcome of the
combined impacts of

i. increased delivery of housing

ii.  reductions in energy poverty in leimcome householdsand

iii. increased penetration of appliances using electricity, especially for lighting and mass

media products

The latter charactdA a G A O A& a2YSdAYSa NBFSNNBR (2 Fa (K
services. It is therefore, important to address the energy efficiency opportunities in the

domestic (or household) sector in anticipation of the projected increaseéncome levelsin

orderi 2 YAUGAILIOGS (GKS aa20AFiSR AYyONBl&sS Ay SyS|
dzadzl £t Q | LILINRF OK (G2 SySNHe dziAfAaldAzy Ay GKS R

5.3 Opportunities for energy efficiency interventions in the domestic
sector

While both commercial and residential energy efficiensymportant, improvementsin
energy efficiencyin the commercial sector are easier to achiewaainly for the following
reasons:

1) Commercial facilities are larger and have more concentrated energsuogption,
whereas domestic consumers are more numerous, with smaidividual energy
consumption.

2) The economic benefits of energy efficiency afeen more readilydemonstratedfor
commercial buildings

3) Commercial entities have better access to finafareefficiency upgrades.

Despitethis, there isa large stock of existing residential properties and a consistensing
backlog in urbarand periurban areas creating a demand fohousingdevelopment It is
therefore important that newdomestic construction adds thermally efficieriuildingsin
order to avoid future energy consumption and demand problems.
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Electricity load research undertaken in Namibia (MME, 2001/2002) assessed the electricity
consumption and maximum demand characteristics cfample of 450 low middle and
high-income households in the following four study areas:

1 Windhoek AWaraheda(low-income)

1 Windhoek B: Katura (middleincome)

1 Ongwediva: (middlencome)

1 WalvisBay. Meersig (highncome)

As in the case of internationaxperience, the results from this study revealed a clear
relationship between electricity consumption (and maximum demand), and the level of
household income. For example, the After Diversity Maximum Demand (&b /sim)
consumption data that was extracted from the Namibian load research projects are
compared against load research data from South Africa, as shokigure40.

Figure40: Domestic ADMD vs. consumption in Namibia and South Africa (MME, 2001)

It is therefore important that domestic energy consumption is quantified as well, in order to:

1 Understand the distribution and range of domestic energy consumption.

i Evaluate standarchousing designs in order to ensure that housing is thermally
efficient, while attempting to remain within economic cost constraints.

1 Identify the mix of existing energy consuming appliances within the domestic market
in order to plan effective and targetieawareness creation programmes.

1 Evaluate the efficiency of commonly used domestic appliances and determine
whether energy marking of appliances would be beneficial.

*° ADMD iis the after diversity maximum demand and refers to the expected demand for elegzigity
measured in kVAC 6 KA OK GKS St SOGNAOAGE RAAUGNROdziAZY ySig?
connection) in terms of the demand on the electricity system. TBMB is based on the
O2YO0AYlFOA2Y 2F GKS &dzy 2F GKS yFIYSLXFGS RSYFYR F2N
diversity factor which represents the percentage of those appliances which are actually operating
simultaneously. The ADMD provides thessis for network design.
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