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1



Energy

 Renewable sources: available indefinitely (for an 
unlimited or unspecified period of time) but arrive 
at a rate controlled by nature 
 solar radiation, wind, geothermal, woodlot
 analogous to living on a fixed annual salary  

 Non-renewable: once exhausted, cannot be 
replaced in a meaningful timeframe
 coal, oil, natural gas 
 analogous to living off a one-time lottery win that can be 

spent in 1-50 years. when it is all spent, it is gone for 
good.
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A fixed budget of renewable energy

 Problems
 In 1830: population: less than 1 billion

 Used renewable energy sources: fuel wood, work 
animals

 Now: 6 billions more added 
 Use non-renewable energy sources: coal, oil, 

natural gas 

 In less than 200 years: 6 billion more people 
will be added to our planet
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Renewable

Non-renewable
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NGPL: Natural gas plant liquids
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Modern buildings rely too heavily on electricity

 For some primary energy sources (coal, fuel oil, 
nuclear) to be distributed to buildings, electricity 
is the only convenient usage option. 

 Electricity is the only source for building 
illumination

 Mechanical cooling is almost universal
 Electricity is a convenient and versatile energy 

form: lighting, water heating, space heating, 
cooking, motors

 But, the efficiency in generation and delivery ??? 
 (Fig. 2.6)
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C=3.22*AA B D=B+C-A



동아일보
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Solar energy

 An oil company predicted that 50% of 
world energy demand will be met by 
alternatives to fossil fuels by year 2050.
 PV(photovoltaic)
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Water
 Water concerns are at crisis level, and will be the emerging 

limit to growth and development 
 Fresh water: surface water, underground water
 Saline water 

 Use: agricultural use & power generation
 Two problems: 

 Problem #1: Water is a recyclable(재활용) resource, but it is not a 
renewable resource: All the water that will ever be is, right now. 
(Depletion of underground water stocks from aquifers is analogous 
to fossil fuel reserves) 

 purified water: which can be extracted or obtained from basically any source.  
 natural mineral water: filtered by sand and stone of various sizes. 
 Hydrologists estimate that the water in some aquifers is more than 10,000 years 

old (https://www.livescience.com/39625-aquifers.html)
 Problem #2: Where the water is, is not necessarily where it is 

wanted. 
 Lack of ‘water-use efficiency’ concept: compared to energy 

 Water efficiency standards are not nearly as extensive or ubiquitous 
as energy-efficiency standard
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Materials

 Trends in per capita consumption of materials 
 Early 1900s: 3.0 tons per person (50% for construction)
 In 1950: 6.0 tons per person (60% for construction)
 In 1995: 10.0 tons per person (65% for construction)

 Selections 
 imported vs. local materials

 imported = not necessarily from overseas, transported from a distance, not local

 virgin vs. recycled materials
 Virgin material: has not been previously used or consumed

 renewable vs. nonrenewable
 Choice: between imported renewable and local nonrenewable 

materials

 Reducing the transportation distance and finding local 
materials are emerging design strategies. 
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Wood is…

 The only renewable construction material 
widely used in U.S. (easily worked, good 
for finishes, moderate structural strength, 
moderate as thermal mass or insulation)
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Nonrenewable materials

 Metals, plastics: commonly used in 
mechanical and electrical systems in 
buildings 

 come with a significant energy cost to 
mine/manufacture, transport, shape them 
for use.

 Metals/plastics = recyclable and 
nonrenewable.
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Embodied energy (내재 에너지)

 Indicator of how much energy must be invested 
to mine/harvest/produce, fabricate, and 
transport a unit of building material

 Variations 
 in availability of raw resource
 in distance from raw resource to manufacturing 

locations
 in the fuel used
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Comparative study: embodied energy

 Exterior wall cladding: wood and aluminum 
siding
 Wood: cut, transport, process…… 
 Aluminum: mine, melt, transport…. 

 Aluminum consumes 100 times as much 
embodied energy as the wood for a given 
surface area of finished siding. 

 Needs to consider maintenance, replacement 
needs and schedules, relation to building energy  
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Recycled or virgin material
 1998 EPA (US Environmental Protection Agency) 

report: 136 million tons is produced and 65-85% of 
that total ends up with landfills

 The recovery of usable materials from demolition is 
limited because of high labor cost.

 Due to lack of landfill capacity and design 
regulations, recycling examples are numerous.
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Design challenges

 In terms of building’s operation, energy 
sources, water and embodied materials 
 Design for building recycling 
 Design for energy transition
 Design for information age
 Design for transportation

21



Design for building recycling

 Two points:
 Enough flexibility not to demolish a building 

(easily adaptable to changed usage)
 Allowing for demounting of parts

 A new research initiative in European countries to 
disintegrate mechanical and structural systems

 Current issue in AEC
 rebuilding (재건축) vs. remodeling (리모델링)
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Guidelines for recyclable buildings

 Design the structure separable from everything else
 Extensive remodeling is then possible without major structural 

modifications.  
 Design for ‘breathing room’ 

 Expandable without rebuilding
 Columns and footings to support an extra floor or two for 

vertical expansions
 Maximize the use of natural on-site forces (wind, sun, 

daylight): 
 the less sophisticated MEP, the less obvious the obsolescence 

of MEP
 Avoid combinations that make recycling difficult

 e.g., a steel or plastic pipe embedded in a concrete slab, 
sandwiches (metals, plastics, other products). 
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Pompidou
 Architects: Renzo Piano & Richard Rogers
 Year constructed: 1977
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