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ENERGY EFFICIENT BUILDINGS

PRESENTATION IN TWO PARTS:

• CONTEXT AND KEY PRINCIPLES: 
DANIEL

• DESIGN INTERPRETATION AND 
APPLICATION: 
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ENERGY EFFICIENT BUILDINGS

CONTEXT AND KEY PRINCIPLES

CONVENTIONAL INTERPRETATION - BUILDING SYSTEM-FOCUS: 

Two complementary components now well recognised in building system:

• (1) Efficient use of energy which contributes to energy conservation which can 
be expressed as a savings-margin from XKWh/m2 to YKWh/m2 where X > Y 
and X is the baseline/reference standard practice 

– Passive thermal control, daylighting, energy-efficient air-conditioning systems, 
energy-saving appliances as the key strategies)

• (2) Integration of Renewable Energy Technologies
– Daylighting optimisation
– Solar water heating
– Wind energy integration
– Solar electricity (PV-systems)

ENERGY EFFICIENT BUILDINGS

CONTEXT AND KEY PRINCIPLES

THE EMERGING INTERPRETATION – BROADER CONTEXT: 

Need to extend scope and depth to indirect energy implications:

• Embodied Energy: Indirect Energy through production and distribution of 
materials and components

• Settlement and city scale in relation to access by users
» Urban land-form and land-use implications
» Linkage to transport and commuting (linked to cleaner- and bio-fuels)
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ENERGY EFFICIENT BUILDINGS

CONTEXT AND KEY PRINCIPLES

KEY DRIVERS

Developing versus developed country context: 

• Energy poverty as a critical socio-economic development issue

• Energy supply constraints versus growing demand in context of a booming 
economy (local and global constraints)
• Pollution impacts, especially greenhouse gases and climate change

• Diversification of economic/investment opportunities
• Buildings and built environment as key end-user (direct and indirect)

ENERGY POVERTY: HAZARDS

FIRE HAZARDS: COMBUSTIBLE FUELS
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Key-Driver: Peak-oil scenario

Key-Driver: Eskom Capacity Limits
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Key-Drivers: Pollution impacts 

� Eng. News

The city and our eco-footprint: Energy – Greenhouse 
gases and climate change:

� Mail & Guardian

Key Drivers: Dependency/vulnerability
THE GLOBAL CHALLENGE: FOSSIL FUEL DEPENDENCY 
AND RESOURCE DISTRIBUTION
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Key Drivers: Built Environment End-User

BETWEEN 50% TO 70% ENERGY 
CONSUMPTION LINKED TO 

BUILT ENVIRONMENT 
• Critical end-user of energy
• Industry as key consumer and 
processing of building materials 
critical (cement, steel, glass etc)
• Transport second largest 
consumer: building materials heavy 
and bulky. Commuting a major 
factor in petroleum consumption
• Residential buildings third largest
• Commercial buildings fourth 
largest

ENERGY EFFICIENT BUILDINGS

BUILT ENVIRONMENT:
• Critical end-user of energy 
• Offers great opportunities for efficiency and 
renewable energy interventions
• Ranges in scale from city-wide to building/site 
specific interventions
• Challenges a multiple range of role-players to 
act/contribute in various roles 
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OVERALL 
SCOPING

ENERGY EFFICIENT BUILDINGS AND CITIES

DEFINITION: Urban-system which equitably support/facilitate the 
minimal/zero-carbon lifestyle-goals of its organizational and human residents

BUILDING SCALE:
(Commercial and Residential)

INDUSTRIAL
(Industrial efficiency and ecology: 

Out of scope of this module)CITY SCALE

EMBODIED ENERGY 
(INDIRECT: production process)

OPERATIONAL 
ENERGY (DIRECT: 

use/operational)

TRANSPORT 
(commuting, distribution)

URBAN SERVICES 
(energy, water, sewage, waste)

URBAN FORM 

LOCALISE 
ECONOMY 

Urban/organic 
agriculture

Localised processing
Pedestrian-friendly

Smart-ITC-Optimised

MASS TRANSIT

CLEANER 
FUELS 

(hydrogen, bio-
diesel)

REDUCE, RE-USE, 
RECYCLE

LOCALISE ACCESS AND 
DISPOSAL

RENEWABLE/CLEANER 
ENERGY SOURCES

TECHNOLOGIES, MARKETS, POLICY-INSTRUMENTS, INSTITUT IONAL STRUCTURES

LONG-LIFE AND RE-
USE OF BUILDINGS

REUSED MATERIALS 
AND COMPONENTS

LOW-IMPACT 
MATERIALS

HIGH-IMPACT BUT 
RECYCLABLE 
MATERIALS

ENERGY 
EFFICIENCY 

(orientation, 
insulation, thermal 
mass, ventilation, 

etc)  

RENEWABLE 
ENERGY

(solar water 
heating, pvs, solar 
cooking, bio-fuels, 

etc)

CITY-SCALE CHALLENGES AND 
OPPORTUNITIES

RELATIONSHIP BETWEEN CITY/BUILT 
FORMS, LIFESTYLES AND CARBON-

FOOTPRINT
• Density, city-form and commuting: the urban-
form legacy of apartheid  
• Densification strategies and incentives
• Cleaner-fuels and bio-fuels in transport
• Localising the economy: food production and 
other supplies
• ICT as localisation strategy (commuting/trips 
and equitable access to services/supplies)



8

URBAN FORM, DENSITY AND COMMUTING
COMPACT VERSUS SPRAWL CITY DEBATE: OPPORTUNITIES AND TRADE-OFFS
• Practice of functional zoning and motorised transport: dormitory function of townships 
and suburbs  
• Inadequate capacity to sustain mixed-use and public transport
• Generates trips, necessitates private passenger vehicle and peak/low traffic cycles

ENERGY EFFICIENT CITIES
GOOD PRACTICE CASE STUDIES: CURITIBA, BRAZIL
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URBAN FORM, DENSITY AND COMMUTING

GOOD PRACTICE CASE STUDY:

ENERGY EFFICIENT CITIES
LOCAL ATTEMPTS AT PUBLIC TRANSPORT: 

BUT WEAK DENSIFICATION STRATEGY
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ENERGY EFFICIENT CITIES
LOCALISING THE ECONOMY TO REDUCE 

CARBON-FOOTPRINT:URBAN AGRICULTURE

ENERGY EFFICIENT CITIES
TRANSFORMATION TO CLEANER AND BIO-

FUELS
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ENERGY USE IN BUILDINGS

ENERGY USE IN BUILDINGS

KEY BUILDING CATEGORIES
• Residential (high, middle and low-income) 
• Commercial (offices, retail and warehousing)
• Institutional (schools, universities, hospitals) 

KEY ENERGY USES
• Lighting
•Thermal control (heating and cooling)
• Appliances (refrigeration, ICT, entertainment, 
cooking, water-heating) 
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ENERGY USE IN BUILDINGS

THE GLOBAL AND NATIONAL 
SOLAR RESOURCE
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ENERGY USE IN BUILDINGS

THERMAL COMFORT: ANALYSIS AND 
STRATEGIES

ENERGY USE IN BUILDINGS

CLIMATIC ANALYSIS AND DESIGN RESPONSE
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ENERGY USE IN BUILDINGS

ENERGY EFFICIENCY: 
PASSIVE HEATING AND COOLING: 
• Heat exchange in buildings: conduction through 
envelope, convection through openings, direct 
radiation through glass 
• Indoor versus outdoor temperature cycles
• Heating/cooling strategies: Direct gain –
Orientation and glazing
• Heating/cooling: Indirect gain – Thermal-mass, 
Trombe wall
• Heating/cooling: Ventilation

ENERGY USE IN BUILDINGS

PASSIVE HEATING AND COOLING: CEILING 
INSULATION  
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ENERGY USE IN BUILDINGS

PASSIVE HEATING AND COOLING: CEILING 
INSULATION  

ENERGY USE IN BUILDINGS

PASSIVE HEATING AND COOLING: WALL 
INSULATION  
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“Insulate before you insolate”

• Orientation to winter sun is 
an important first step

• In a direct gain building, 
the windows admit both 
heat and daylight

• The building envelope 
needs to conserve the 
solar heat collected by the 
windows, and to help 
distribute the daylight

• Windows can be fitted with 
thermal shades or shutters 
for heat conservation by 
night

The Trombe wall delays the arrival of 
solar heat, while the sunspace and 
direct gain openings allow morning warm-up.

Temperatures are for a sunny winter day.
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Cooling strategy examples

ENERGY USE IN BUILDINGS

GOOD-PRACTICE EXAMPLE: EASTGATE
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ENERGY USE IN BUILDINGS
GOOD-PRACTICE EXAMPLE: BP HEADQUARTERS
Façade design for enhanced daylighting

ENERGY USE IN BUILDINGS
GOOD-PRACTICE EXAMPLE: BP HEADQUARTERS

• Internal “feel/balance” of 
daylight and artificial light
• Integration of PV 
(not cost-driven)
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ENERGY USE IN BUILDINGS
INTEGRATING RENEWABLE ENERGY TECHNOLOGIES AND 
BIO-FUELS IN BUILDINGS

ENERGY EFFICIENT BUILDINGS
ENERGY LABELLING OF BUILDINGS
• Information strategy to inform stakeholders 
of energy-consumption levels of building
• Can be mandatory or voluntary
• Can be in isolation or with back-up of 
incentives and rewards
• Requires a broad support system for 
stakeholders (both in terms of expertise and 
web-based information) 
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ENERGY USE IN BUILDINGS
ENERGY EFFICIENCY AND RENEWABLE 
ENERGY IN BUILDINGS: KEY BARRIERS OF 
INTEGRATION
• Historically “cheap” electricity
• Absence of supportive policies and building 
regulations
• Inadequate industry-preparedness: leads to 
high costs (eg solar water heaters and double 
glazing)
• Weak local expertise: related professionals 
and trades not adequately developed

ENERGY USE IN BUILDINGS
GLOBAL INITIATIVE IN SUPPORT OF ENERGY EFFICIENCY 
AND RENEWABLE ENERGY IN BUILDINGS
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ENERGY USE IN BUILDINGS
RECENT INITIATIVES IN SUPPORT OF ENERGY EFFICIENCY 
AND RENEWABLE ENERGY IN BUILDINGS

ENERGY EFFICIENT BUILDINGS

EMBODIED ENERGY AND ITS IMPLICATIONS 
IN ENERGY EFFICIENT BUILDINGS:
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EMBODIED ENERGY

• Introduction: Buildings as open systems
• Life-cycle analysis and industrial ecology
• Embodied energy in building production
• Key methods in embodied-energy 

analysis
• Embodied energy and key sectors in 

South Africa’s construction
• Interventions for embodied-energy 

conservation

BUILDINGS AS OPEN SYSTEMS

BUILDING 
SYSTEM AND 
PRODUCTION 

CYCLE

NATURAL 
VEGETATION/ 

AND PLANTATION 
SYSTEMS

TRANSPORT AND 
DISTRIBUTION 

SYSTEMS

AIR AND 
CLIMATIC  
SYSTEMS

FINANCIAL 
SYSTEMS

WATER AND 
HYDROLOGICAL 

SYSTEMS

ENERGY 
PRODUCTION 

AND 
DISTRIBUTION 

SYSTEM

LAND AND  
MINERAL 

RESERVES 
SYSTEM

POLITICAL AND 
SOCIO-

CULTURAL 
SYSTEMS

Mainly Socio-economic Mainly Bio-physical



23

LIFE-CYCLE ANALYSIS 
AND INDUSTRIAL 

ECOLOGY OF PRODUCTS

FINISHED MATERIALS

MACRO-FORMING
(Casting/Molding, Machining, Forging etc.)

FINISHED PARTS

FABRICATION AND CONSTRUCTION

FINISHED PRODUCTS

USE

JUNK/REFUSE

DISPOSAL

EXTRACTION  (Mining, Drilling, Harvesting, etc.)

RAW MATERIALS

PHYSICAL SEPARATION AND REFINING (Beneficiation, Smelting etc.)

CRUDE PURE MATERIALS

RECOMBINATION
(Alloying, Synthesis, Heat Treatment, Hot/Cold Working etc.)

CUMULATIVE PROCESS OF EMBODIED ENERGY

ON-SITE ASSEMBLY

e1

A

a1

FINAL FABRICATION

e2

B

a2

SEMI-FABRICATION

e3

C

a3

REFINEMENT

e4

D

a4

INITIAL PROCESSING

e5

E

a5

MATERIAL EXTRACTION

e6

F

a0e6 . a5 e5 . a4 e4 . a3 e3 . a2 e2 . a1



24

KEY METHODS OF DERIVING 
EMBODIED ENERGY INTENSITIES

• STATISTICAL METHOD: ENERGY 
INPUT DIVIDED BY MONETARY VALUE 
OR PHYSICAL QUANTITY OF OUTPUT

• ENERGY AUDITS: STAGE-BY-STAGE 
AUDIT OF ENERGY INPUT AND 
PRODUCT OUTPUT

• INPUT-OUTPUT ANALYSIS: ENERGY 
STATISTICS, I-O ANALYSIS TABLES

EMBODIED ENERGY AND KEY SECTORS 
LINKED TO BUILDING PRODUCTION
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COMPARATIVE FRAMEWORK FOR 
MATERIAL SELECTION

• INADEQUACY OF CONVENTIONAL 
INTENSITIES (MONETARY, PHYSICAL OR 
TRADE UNITS)

• NEED FOR INTEGRATION OF PERFORMANCE 
CONSIDERATIONS

• USE-INTENSITY AS A CRITICAL FACTOR
• COMBINING ENERGY- AND USE-INTENSITIES
• DERIVING EMBODIED-ENERGY IMPACT 

COEFFICIENTS FOR COMPARISON AT THE 
LEVEL OF THE ECONOMY

LISTING OF MATERIALS ACCORDING TO 
EMBODIED-ENERGY IMPACT COEFFICIENTS (IN 

REFERENCE TO PREVIOUS TWO TABLES)

• PRODUCTS OF CONSTRUCTION 1.27MJ/Rc
• BRICKS AND TILES 0.68MJ/Rc
• STRUCTURAL METALS (INCLUDING IRON AND 

STEEL) 0.54MJ/Rc
• TRANSPORT, STORAGE, WHOLESALE 

DISTRIBUTION 0.46MJ/Rc
• CEMENT 0.30MJ/Rc
• WOOD AND WOOD PRODUCTS 0.17MJ/Rc
• PETROLEUM PRODUCTS 0.10MJ/Rc
• ELECTRICITY AND GAS 0.10MJ/Rc
• PAINTS AND VARNISHES 0.09MJ/Rc
• GLASS GLASS PRODUCTS 0.08MJ/Rc
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EMBODIED-ENERGY CONSERVATION 
INTERVENTIONS: LOW IMPACT MATERIALS

TLHOLEGO EARTH CONSTRUCTION: RUSTERNBURG

NEW GOURNA: SUN-DRIED EARTH BRICK CONSTRUCTION

EMBODIED-ENERGY CONSERVATION 
INTERVENTIONS: REUSE OF BUILDINGS

DOUGLAS ROOMS: JOHANNESBURG: FOURTH CYCLE OF REUSE IN OVER 
100 YEARS LIFE SPAN
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EMBODIED-ENERGY CONSERVATION 
INTERVENTIONS: REUSE OF CONSTRUCTION 

MATERIALS AND COMPONENTS 
SORTING OF DEMOLITION WASTE FOR REUSE OF COMPONENTS: TIMBER 

AND STEEL

EMBODIED-ENERGY CONSERVATION 
INTERVENTIONS: REUSE OF CONSTRUCTION 

MATERIALS AND COMPONENTS 
REUSE OF COMPONENTS IN FORMAL AND INFORMAL CONSTRUCTION: 

SHACK AND STUDIO IN PRETORIA
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EMBODIED-ENERGY CONSERVATION 
INTERVENTIONS: DEMOLITION WASTE: 

CEMENT AND STEEL IN REINFORCED CONCRETE

EMBODIED-ENERGY CONSERVATION 
INTERVENTIONS: : 

FROM DEMOLITION WASTE CEMENT BRICKS: CAPE BRICK
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EMBODIED-ENERGY CONSERVATION 
INTERVENTIONS: 

FROM FLY-ASH AND WASTE-FIBRE TO BRICKS: NEOLITE INDUSTRIES

ENERGY EFFICIENCY IN CONSTRUCTION, 
PRODUCTION AND DISTRIBUTION OF MATERIALS

• ENERGY EFFICIENCY IN PRODUCTION (CLEAN TECHNOLOGIES 
PARADIGM: ISO 14000 CERTIFICATIONS AND UPSTREAM-TO-
DOWNSTREAM CONSIDERATIONS OF IMPACTS)

• ENERGY-EFFICIENT PLANT AND EQUIPMENT ON SITE

• SHORTER DISTRIBUTION NETWORKS

• RAIL RATHER THAN ROAD TRANSPORT
• LABOUR INTENSIVE CONSTRUCTION (CRITICAL FOR DEVELOPING 

COUNTRIES WHERE CREATION OF JOBS AND SKILLS 
OPPORTUNITIES IS REQUIRED) 
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CONCLUSION

• BUILDING AS OPEN SYSTEM IS A VALUABLE FRAMEWORK FOR 
ESTABLISHING RELEVANCE IN SUSTAINABLE ARCHITECTURE AND 
BUILDINGS

• BUILDING PRODUCTION AS KEY SECTOR IN THE ECONOMY AND 
CONSEQUENT IMPACTS

• EMBODIED ENERGY ANALYSIS CAN BE DERIVED THROUGH 
STATISTICAL, AUDIT OR I-O METHODS

• USE-INTENSITY IS CRITICAL IN IDENTIFYING CRITICAL MATERIALS 
AND COMPONENTS FOR EMBODIED ENERGY CONSERVATION

• CONSERVATION THROUGH A CRADLE-TO-CRADLE APPROACH 
ESSENTIAL (LOW-IMPACT MATERIALS, REUSE OF BUILDINGS AND 
COMPONENTS, RECYCLE OF CONSTRUCTION WASTE

• DESIGN TEAM SPECIFYING MATERIALS/COMPONENTS FROM “CLEAN 
TECHNOLOGY” SUPPLIERS/MANUFACTURERS

• FACILITATION THROUGH DATA CAPTURE AND GREEN LABELING 
SCHEMMES ESSENTIAL

TWO RELATED FOLLOW-UP EVENTS

• SECOND PREA-WORKSHOP (Promoting Renewable 
Energy in Africa: Socio-economic priorities in rene wable 
and sustainable energy in the built environment)

• DATE: OCTOBER 11 – 13, 2007
• VENUE – SUSTAINABILITY INSTITUTE, LYNEDOCH, STELLENBOSCH
• DETAILS: http://web.wits.ac.za/Conferences/PREA/

• PEAK-OIL SOUTH AFRICA CONFERENCE
• DATE: NOVEMBER 8 – 9, 2007
• VENUE: GALLAGHER ESTATE, MIDRAND
• DETAILS: Www.oildepletion.co.za

• CONTACTS:
• Dr. Daniel K. Irurah

• School of Architecture and Planning – WITS
• Tel: 011 717 7643
• Fax: 011 717 7649

• Email: daniel.irurah@wits.ac.za

• THANK YOU


