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Energy efficiency 

What is energy efficiency? [6] 

Energy efficiency refers to gaining the same or a higher level of useful output, using less 
energy input. Energy efficiency is important in both stationary and transport energy.  
 
Technical energy efficiency is energy efficiency that comes from new and improved technologies and 
equipment (e.g. energy-saving appliances, cogeneration in industrial applications) or operational 
practices (e.g. energy-efficient design of industrial plant or just switching off lights and equipment 
when not in use). 
 
Energy intensity measures the energy used to produce a certain outcome, whether it be a widget or 
GDP. Improved technical energy efficiency will lead to lower energy intensity, all other things being 
unchanged. 
 
However, other things do change. For example, developed countries are becoming focused more on 
services and less on manufacturing. Since manufacturing is usually more energy-intensive, these 
structural changes will lead to improved economy-wide energy efficiency in developed countries. 
Changes in fuel use can also lead to changes in energy efficiency as the technologies to use fuels 
differ in their conversion efficiencies. 
 

 

Negawatt power 

Negawatt power is a term coined for an arbitrage way of supplying additional electrical energy 
to consumers without increased generation capacity by the creation of a market for trading of 
increased efficiency (i.e. hypothetical tradable units of saved energy). Amory Lovins introduced 
the concept in a 1989 speech. 

[13] 

 

Lovins has worked professionally as an environmentalist and been an influential American voice for a 
"soft energy path" for the United States and other nations. He has advocated energy-use and energy-
production concepts based on conservation, efficiency, the use of renewable sources of energy and 
on generation of energy at or near the site where the energy is actually used, whereas conventional 
power plants have been built in remote places for decades to take advantage of: 
 

 Economies of scale in sizing up; 

 Increased tolerance for pollution (gases, noises, visual); and 
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 Availability of natural resources, such as hydropower, which is not necessarily available in 
densely populated areas. 

Scope and benefits of energy efficiency 

Today technologies common to many industries offer opportunities to increase energy 
efficiency; R&D focuses on combustion, materials, sensor and process control systems, and 
industrial energy systems such as cogeneration (combined heat and power). 

 
Energy efficiency is increasingly being applied to energy-
intensive industries where economic and environmental terms 
dictate the way companies do business. Improved energy 
efficiency in these sectors leads to a better employment of 
capital and natural resources, eventually paying off as cost 
savings and a “greener”, more environmentally friendly 
corporate image. 
 
But the intelligent use of energy and electricity, in particular, is 
not limited to companies. Individuals alike can save natural 
resources and money when using energy-efficient home 
appliances or replacing old energy-intensive devices by more 
efficient ones. 
 

An example of efficient energy use would be installing fluorescent lights or skylights instead of 
incandescent lights to attain the same level of illumination. Another example would be insulating a 
home to use less heating and cooling energy to achieve the same temperature. So energy efficiency is 
achieved primarily by means of a more efficient technology and secondly by the use of advanced 
building materials. 

Natural resources: limits to growth? [24] 

It is worthwhile noting that, over any interesting horizon, the economy is protected from resource-
depletion disasters by two factors.  
 

 First, technical progress permits us to produce more by using fewer resources. For instance, 
the energy efficiency of room lighting has increased by a factor of 4,500 since Neolithic times. 
 

 Second, as specific resources come into short-supply, their prices rise, leading producers to 
shift toward substitutes. 

Energy efficiency in Asia and the Pacific [17] 

According to the Asian Development Bank, energy efficiency is defined as economic investments 
in energy generation, delivery and end-use equipment, facilities, buildings, and infrastructure 
that deliver higher useful energy outputs or services (e.g., lighting, heating, refrigeration, pumped 
water) with lower consumption of energy and reduced emission of greenhouse gases.  
 
Energy use in Asia and the Pacific has increased rapidly over the past 30 years, reflecting the region’s 
growing productivity and wealth. With greater wealth, countries seek higher energy supplies, which 
enable them to implement large infrastructure projects, improve irrigation systems, and undertake 
other significant measures to promote productivity growth. However, most countries in Asia and the 
Pacific use energy inefficiently, which increases fuel imports and the burden on national economies. 

Energy efficiency in transportation [21] 

The transport sector in 2002 used 21% of the worldwide total energy consumption and is projected to 
generate over 60% of the increase in total energy use through to 2025. The emerging Asian nations 
are projected to provide much of that future growth in oil consumption – and GHG emissions – due to 
their strong economic and population growth. 

 

Energy-intensive industries: 
 

 Aluminium 

 Chemicals 

 Forest products 

 Glass 

 Metal casting 

 Mining 

 Petroleum refining 

 Steel 

 Cement 
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Emerging Asia (including China and India) is expected to account for 45% of the total world increase in 
oil use through to 2025. China’s energy use for transportation is projected to grow by 6-9% per year 
and in India, energy demand in the transportation sector has been projected to grow at 5-8% a year 
over this period. 

 
Increasing energy efficiency in the road transportation sector is crucial to resolving both global and 
environmental sustainability resulting from high fuel consumption. There are complementary 
approaches to achieve this, including: 

 
 Improving the energy efficiency of individual vehicles, to increase the distance travelled per 

unit of fuel; 

 Modal shift that promotes lower fuel consumption per passenger; 

 Urban design that reduces the need to travel, requiring fewer passenger; and 

 Changing to fuels with lower GHG emissions. 

Identifying energy efficiency technologies 

The most visible measures against climate change are supply-side (renewable energy sources, 
nuclear power). However, there is a substantial range of demand-side management measures that 
can be put into place to cut greenhouse gas emissions. 

Efficiency of electricity generation [22] 

The efficiency of electricity generation using gas and coal, for example, has improved steadily and is 
expected to advance further.  
 
Most new combined-cycle gas generation is now more than 50 percent efficient, compared to less 
than 30 percent in the 1970s. Continuing use of older plant means the global average is still between 
30 and 35 percent.  
 

 
 
Figure 1 - Average World Power Generation Efficiency by Fuel 1971-2030  
(Source: Ministry of Economic Development, New Zealand) 
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Increased combustion efficiency 

New boiler designs and burner control schemes in 
combustion technology can significantly boost energy 
efficiency in industrial applications. Existing industrial 
facilities could be upgraded using improved combustion 
technologies and thus offsetting large amounts of 
greenhouse gas emissions. 
 
Moreover, traditional combustion engines in cars and trucks 
have experienced some changes as well in recent years. 
While vehicle fuel efficiency remained fairly flat between 
1990 and 2003, new vehicles changed significantly due to 
technological advances. There was a marked increase in 
power in the average vehicle over this period and an 
increase in vehicle weight due, in part, to a market shift 
towards light trucks from passenger cars. While incremental 
improvements to vehicle fuel efficiency continued, they were 
partially offset by increases in vehicle power and size. 
 
Figure 2 – New-Car Fuel Efficiency, 1990-2003 (Source: Office of Energy Efficiency, Canada) 
 

Engine Technologies 

Variable Valve Timing & Lift improve engine efficiency by optimizing the flow of fuel & air into the engine for 
various engine speeds. 

5% 

 

Cylinder Deactivation saves fuel by deactivating cylinders when they are not needed. 7.5% 

Turbochargers & Superchargers increase engine power, allowing manufacturers to downsize engines without 
sacrificing performance or to increase performance without lowering fuel economy. 

7.5% 

 

Integrated Starter/Generator (ISG) Systems automatically turn the engine on/off when the vehicle is stopped to 
reduce fuel consumed during idling.  

8% 

 

Direct Fuel Injection (with turbo-charging or supercharging) delivers higher performance with lower fuel 
consumption.  

11-13% 

 

Transmission Technologies 

Continuously Variable Transmissions (CVT) have an infinite number of "gears", providing seamless acceleration 

and improved fuel economy. This technology is already widely utilized today.
 [13]

 

6% 

Automated Manual Transmissions (AMT) combine the efficiency of manual transmissions with the convenience 
of automatics (gears shift automatically).   

7% 

 
Table 1 – Average efficiency increases for engine and transmission technologies. (Source: 
www.fueleconomy.gov) 

Sensor and process control systems 

Another growing market for energy efficiency applications is air conditioning, IAQ (indoor air quality) 
systems and temperature sensors. New kinds of networked sensors allow for an intelligent use of 
heating in big infrastructures as well as at home and can reduce heating bills substantially. 
  
Automated meter reading (AMR) and smart thermostats are increasingly being installed in new 
apartment complexes and houses. With growing demand, limited supply and ever-increasing prices of 
electricity, utility companies and house owners need to manage their negawatts better – that is what 
the AMR technology does. AMR has been around for some time, but has only gained traction recently. 
Multinationals such as GE and Siemens have entered the market which is expected to grow from $25 
million per year in 2005 to more than $200 million annually in 2015. 

[16]
 

Smart grid and distribution 

Another hot topic surrounding energy efficiency is smart distribution and intelligent grids. Smart grids 
could be self-healing, looking for the closest transmission routes and minimizing the energy lost during 
distribution to the end-consumer. 

http://www.fueleconomy.gov
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It is worthwhile to note that the North American grid infrastructure (valued at more than $10 billion) is 
in desperate need of replacement, since transmission lines, circuit breakers and transformers are 25 
to 40 years old. 

Smart building and advanced materials 

Identify advanced materials 

Energy efficiency can also draw from the building science and building environment areas which 
include analysis, design, and control of energy-efficient or low-energy buildings, HVAC (Heating, 
Ventilation and Air-Conditioning) systems, solar energy utilization and intelligent buildings. 

Building insulation materials 

Thermal insulation in buildings is an important factor to achieving thermal comfort and energy 
efficiency. Insulation reduces unwanted heat loss or gain and can decrease the energy demands of 
heating and cooling systems. It does not necessarily deal with issues of adequate ventilation and may 
or may not affect the level of sound insulation. The main modes of heat transfer - conduction, radiation 
and convection can be reduced through appropriate construction techniques and choice of materials. 
 
A selection of insulation materials can aid in building insulation. All of these are 
based on standard principles of thermal insulation. Materials used to reduce heat 
transfer by conduction, radiation or convection are employed in varying 
combinations to achieve the desired outcome.

 [19]
 

LED lighting 

A light-emitting diode (LED) is a semiconductor diode that emits incoherent narrow-spectrum light 
when electrically biased in the forward direction of the p-n junction

1
. This effect is a form of 

electroluminescence. 
 
An LED is usually a small area source, often with extra optics added to the chip that shapes its 
radiation pattern. The colour of the emitted light depends on the composition and condition of the 
semiconducting material used, and can be infrared, visible, or near-ultraviolet. An LED can be used as 
a regular household light source.

 [18]
 In addition to that, they are being used in an increasing number of 

applications.
 

 

 
 
Figures 3 – LEDs are produced in an array of shapes and sizes. The 5 mm cylindrical package (red, 
fifth from the left) is the most common, estimated at 80% of world production. (Source: Wikipedia) 
 

                                                      
1
 A p-n junction is formed by combining P-type and N-type semiconductors together in very close contact. The term junction 

refers to the region where the two types of semiconductor meet. 
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Advantages of using LEDs 
 

 LEDs produce more light per watt than do incandescent bulbs; this is useful in battery 
powered or energy-saving devices. 

 LEDs can emit light of an intended color without the use of color filters that traditional lighting 
methods require. This is more efficient and can lower initial costs. 

 The solid package of an LED can be designed to focus its light. Incandescent and fluorescent 
sources often require an external reflector to collect light and direct it in a usable manner. 

 When used in applications where dimming is required, LEDs do not change their color tint as 
the current passing through them is lowered, unlike incandescent lamps, which turn yellow. 

 LEDs are ideal for use in applications that are subject to frequent on-off cycling, unlike 
fluorescent lamps that burn out more quickly when cycled frequently, or HID lamps that 
require a long time before restarting. 

 LEDs, being solid state components, are difficult to damage with external shock. Fluorescent 
and incandescent bulbs are easily broken if dropped on the ground. 

 LEDs have an extremely long life span, typically between 100,000 and 1,000,000 hours. 
Fluorescent tubes typically are rated at about 30,000 hours, and incandescent light bulbs at 
1,000-2,000 hours. 

 LEDs mostly fail by dimming over time, rather than the abrupt burn-out of incandescent bulbs. 

 LEDs light up very quickly. A typical red indicator LED will achieve full brightness in 
microseconds; LEDs used in communications devices can have even faster response times. 

 LEDs can be very small and are easily populated onto printed circuit boards. 

 LEDs do not contain mercury, while compact fluorescent lamps do. 

Composite materials 

Composite materials (or composites for short) are engineered materials made from two or more 
constituent materials with significantly different physical or chemical properties and which remain 
separate and distinct on a macroscopic level within the finished structure. 
 
Composite materials have gained popularity (despite their generally high cost) in high-performance 
products such as aerospace components (tails, wings, fuselages, and propellers), boat and scull hulls, 
and racing car bodies. It is widely used in solar panel substrates, antenna reflectors, payload adapters 
and heat shields. 
 
Carbon composite is a key material in today's launch vehicles and aerospace. On 
September 2007, Airbus rolled-out new design advances to a gathering of 100 
representatives from existing and potential Airbus A350 XWB customers. Airbus 
claim that 52% of the aircraft will be made out of composites, 20% Al/Al-Li, 14% 
titanium, 7% steel and 7% the balance.  
 
This compares to the Boeing 787 – dubbed Dreamliner and first aircraft to incorporate composite 
materials – which consists of 50% composites, 20% aluminium, 15% titanium, 10% steel and 5% the 
balance. Airbus expects 10% lower airframe maintenance cost and 14% lower empty seat weight than 
competing aircrafts.

 [20]
 

Nano materials 

For more detailed information on nanotechnology and nanomaterials, you may consult the forthcoming 
research report by Mora Associates Ltd. “Nanotechnology in the cleantech sector”. 

LEED building certification 

The Leadership in Energy and Environmental Design (LEED) Green Building Rating 
System, developed by the U.S. Green Building Council, provides a suite of standards 
for environmentally sustainable construction. Since 2000 more than 730 buildings 
comprising 5% of all new commercial structures in the United States have been 
certified as green buildings by the U.S. Green Building Council, and nearly 5,800 more 
are in the pipeline. 

[14]
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Also the number of EnergyStar homes, so designated by standards of the U.S. Environmental 
Protection Agency because they are equipped with the most efficient heating and air-conditioning 
systems and appliances, have gone from zero in 1995 to more than 130,000 in 2004, comprising up to 
40% market share of new homes in some regions. 

[14]
 

Looking ahead 

Global players are embracing energy efficiency improvements 

Saint-Gobain, leader in construction market, oriented towards energy efficiency  

In a context dominated by energy savings and protection of the planet, French multinational 
corporation, Saint-Gobain, is pursuing its expansion strategy with a focus on energy efficiency by 
developing new concepts and solutions. 
 
Originally a mirror manufacturer the company now also produces a variety of construction and high-
performance materials and is active in the manufacturing of energy efficient lighting, insulation 
materials, particulate filters and many other energy efficiency related products. 

Merrill Lynch launches an energy efficiency index (July 2007) 

Merrill Lynch has launched a global index to track the performance of 40 companies focusing on 
energy efficiency. The index comprises companies globally that Merrill Lynch believes should benefit 
from the growing momentum to reduce CO2 emissions and the cost of energy. 

[9] 

 
The Merrill Lynch Energy Efficiency Index will cover the automotive industry, capital goods, 
semiconductors, and building materials. The index has four components, divided into integrated 
capital-goods plays, automobile fuel efficiency, building insulation, and energy-efficient products and 
industrial processes. 
 
Merrill Lynch's analysts note the global manufacturing industry could improve its energy 
efficiency by 18% to 26% overall (and at the same time reduce the sector's CO2 
emissions by 19%-32%). The index also highlights companies in the capital goods 
sector which are best positioned to reduce CO2 emissions and energy consumption 
across the industry. 

[11]
 

Wal-Mart to reduce costs by improving energy efficiency (September 2007) 

Wal-Mart aims to cut costs by measuring and reducing greenhouse gas emissions throughout its 
supply chain. The company believes its suppliers can substantially reduce their costs, particularly from 
energy use, by measuring carbon dioxide output. Jim Stanway, head of the retailer's greenhouse gas 
strategy, explained: "The more we learn here, the more there's real business and consumer 
opportunity, in that there are a lot of unharvested efficiencies yet. When you look back at the supply 
chain and at factories and warehouses and you start thinking about their basic needs for energy... 
there's a huge opportunity to do some relatively simple things to save energy," he said. "We hope to... 
help suppliers get the costs of the carbon out of the system." 

[15]
 

Bank of America’s green skyscraper (2008) 

Upon completion in 2008, the Bank of America Tower at One Bryant Park in New York will be the 
United States’ greenest high-rise building, demonstrating the state-of-the-art in energy efficiency, 
indoor air quality, sustainable materials, and environmentally-conscious construction, operations, and 
maintenance procedures. 

[12]
 

Appetite for energy efficiency 

Energy efficiency is touted as a being the easiest and cheapest way to reduce greenhouse gas 
emissions. 
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Figure 3 ï Fraction of Summer Peak Demand that Can Be Met with Demand Response, Efficiency, 
and Renewable Resources (Source: American Council for an Energy-Efficient Economy) 
 
Energy efficiency and renewable energy are said to be the “twin pillars” of sustainable energy 
policy. In other words, producing 20% of today's energy from renewable sources means little if 
demand is growing by 3% per year. 
 
Efficient energy use is essential to slowing the energy demand growth so that rising clean energy 
supplies can make deep cuts in fossil fuel use. If energy use grows too fast, renewable energy 
development will chase a receding target.  
 
Likewise, unless clean energy supplies come online rapidly, slowing demand growth will only begin to 
reduce total emissions; reducing the carbon content of energy sources is also needed. Any serious 
vision of a sustainable energy economy thus requires major commitments to both efficiency and 
renewables. 

[1]
 

 
But remember – the cheapest and cleanest energy is the energy you don't use. 

Associations and Councils 

Energy efficiency 

 Germany, Initiative EnergieEffizienz Industrie und Gewerbe, www.industrie-energieeffizienz.de 

 United Kingdom, Energy Saving Trust, www.energysavingtrust.co.uk 

 United States, American Council for an Energy-Efficient Economy (ACEEE), www.aceee.org 

 United States, Energy Star, www.energystar.gov 

 United States, U.S. Department of Energy: Energy Efficiency and Renewable Energy (EERE), 
www.eere.energy.gov 

 United States, Electric Power Research Institute (EPRI), www.epri.com 

Smart building 

 United States, U.S. Green Building Council, www.usgbc.org 
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