
Along with building orientation and envelope design, mechanical systems are key components of building energy 
performance.  Following are brief descriptions of effi cient systems that use well tested technologies, have a solid track 
record, and are suitable for a wide range of projects.  For all systems, collaboration with engineers at early phases of design 
is necessary to effectively determine the best options.  The integration of architectural and mechanical design minimizes 
energy consumption and maximizes building performance; helping us to deliver the best possible value to our clients. 
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Discussing Energy Effi ciency Around the World

In discussing energy effi ciency with clients and working with them to determine interest, opportunities and goals, the issues 
differ from region to region. The benefi ts are similar however in terms of energy savings, since 30-40% of a commercial 
building’s energy consumption is from heating, cooling and domestic water heating. Below are a few updates from our top 
international project regions.

UNITED ARAB EMIRATES:
Climate: Hot-humid along coast; Hot-arid inland
Primary Energy Source: Oil
Key Issues: UAE leaders are developing renewable energy requirements

• Dubai is considering enacting a law requiring on-site generation of 
renewable power for new construction as of 2009. Projects like our Majan 
Tower for Tameer will include 2.5% power from renewable sources such as 
photovoltaics and solar hot water.

•  Callison: the Sorouh Shams City Marina District is aiming for LEED Gold 
and 30%-40% energy and water savings based on early design 
investigations, instead of their LEED Silver initial target.

INDIA:

Majan Tower, Dubai
• Daylighting
• High Performance Envelope
• On-Site Renewable Energy

Climate: Hot-humid; Hot-arid
Primary Energy Source: Coal and Oil
Key Issues: Inadequate infrastructure for transportation and utilities, pollution 

•   The Indian Green Building Council is developing its own building certifi cation program independent of the USGBC.
Callison has been asked to help facilitate the transfer of knowledge from the USGBC to the IGBC.

•   Callison: Unitech has proposed adopting India LEED Gold standards for all future projects.

CHINA:
Climate: Hot humid; Cold
Primary Energy Source: Coal
Key Issues: Pollution levels are impacting economic growth, new resources needed for increasing  demand

•  The China Green Star Fund is one of several partners in Shanghai’s newly established Knowledge and Innovation
Community, a technology innovation center that is gathering small and medium size enterprises specializing in clean 
technology, energy savings, and environmental protection. The center aims to expand green growth, evaluating the 
cost of environmental impact and resource consumption before economic gain.

•  Callison:  Greenland Luwan HQ is pursuing natural ventilation, daylighting and exterior shading to meet Green Star
requirements and create a  showcase for the head offi ce of the development company.
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Heating and Cooling Systems

GEOTHERMAL HEAT PUMP
Geothermal heat pumps are heating and cooling systems that take advantage
of the constant temperature beneath the Earth’s surface. Geothermal 
systems require a large site footprint or a neighboring body of water, ideally used 
in projects already requiring a large amount of site work, such as those with 
underground parking or extensive resurfacing. Vertical or horizontal tubes 
fi lled with liquid or air absorb the earth’s heat (or coolth) and transfer it to the 
building’s HVAC system. Vertical installations are recommended for larger 
projects. They require less land area than horizontal installations, but require 
bore holes about 300 feet deep.  Horizontal installations require trenches only 
4-6 feet deep, but have a much greater footprint. 
BEST FOR CLIMATES: Hot-Humid; Hot-Arid; Cold
TYPICAL PROJECT TYPES: Mid to large projects.
http://www1.eere.energy.gov/geothermal/powerplants.html

DIRECT EVAPORATIVE COOLERS
Evaporative cooling systems blow dry outdoor air through water moistened 
pads, transferring moisture from the pads to the air.  The resulting state change 
of the water from liquid to vapor requires energy that is drawn out of the air in 
the form of heat, reducing the air temperature. The moistened cooled air is then 
circulated and exhausted.
BEST FOR CLIMATES: Hot-Arid
TYPICAL PROJECT TYPES: Any
http://www.toolbase.org/Technology-Inventory/HVAC/evaporative-coolers

INDIRECT EVAPORATIVE COOLERS
Indirect evaporative cooling systems use a heat exchanger to transfer coolth 
from evaporatively cooled outdoor air to dehumidifi ed air to be circulated through 
the space.  The cooled outdoor air never comes in to direct contact with the air 
used to condition the space, so humidity is not transferred.  Indirect evaporative 
cooling can be used in hot, humid climates.
BEST FOR CLIMATES: Hot-Humid
TYPICAL PROJECT TYPES: Any
http://wcec.ucdavis.edu/content/view/85/102/

ABSORPTION CHILLERS
Absorption chillers use the absorptive refrigeration cycle (the use of two fl uids 
combined with heat to produce a refrigeration effect) to produce coolth for the 
building environment. Although absorption chillers require more maintenance 
than other types of conditioning systems, they require less energy and heat 
to run, making the system more cost effi cient.  Absorption chillers are a very 
common type of mechanical unit.
BEST FOR CLIMATES: Any
TYPICAL PROJECT TYPES: Any
http://www.cogeneration.net/Absorption_Chillers.htm

Evervail, Vail, Colorado
• Geothermal Heat Pumps
• Heat Recovery
• Daylighting
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DESICCANT COOLERS
Desiccant coolers blow outside air through a desiccant which removes moisture 
in the air, thereby reducing humidity and increasing thermal comfort.  They are 
only benefi cial in hot-humid climates.  Desiccant cooling uses no refrigerants 
(which may contain CFCs) and lowers humidity without having to over cool the 
air. 
BEST FOR CLIMATES: Hot-Humid
TYPICAL PROJECT TYPES: Any
http://www.toolbase.org/Technology-Inventory/HVAC/desiccant-cooling

NATURAL AND HYBRID VENTILATION SYSTEMS
Natural ventilation uses the forces generated by wind and air density to 
move the air through the building. Commonly using a low pressure drop duct 
system, natural ventilation is able to take advantage of stack and wind effect. 
Hybrid ventilation systems combine natural and mechanical systems, minimizing 
energy consumption while maintaining acceptable indoor air quality and 
thermal comfort, using different features of both natural ventilation and 
mechanical systems at different times of the day or season of the year.
BEST FOR CLIMATES: Temperate
TYPICAL PROJECT TYPES: Projects with narrow fl oor plates; maximum 
distance from air supply not to exceed 5 meters
http://www.europeangreencities.com/pdf/activities/ConfApr2004/15.pdf

DISTRICT HEATING AND COOLING
District heating and cooling distributes steam and chilled water produced at a 
central plant. Used for space heating and air conditioning, the heat and coolth 
is piped to buildings in the area using an underground network. The heat can 
be provided from a variety of sources, including geothermal, cogeneration 
plants, waste heat from industry, and purpose-built heating plants. The cooling, 
provided through heat rejection, is usually provided from a dedicated cooling 
plant. This is an extremely reliable, affordable, and effi cient way to warm and 
cool a building. It eliminates the need for on-site boilers, furnaces, chillers, and 
air conditioners. 
BEST FOR CLIMATES: Any
TYPICAL PROJECT TYPES: Any
http://www.energy.rochester.edu/

Glorietta Development, Manila, 
Philippines
• Dessicant Cooling
• Solar Cooling
• Natural Ventilation

Greenland Luwan HQ
• Natural Ventilation
• Daylighting
• Exterior Shading



Distribution

RADIANT HEATING AND COOLING
Radiant cooling saves 70-80% of energy used by fans to deliver conditioned air 
and reduces peak power usage of air conditioning systems by 30-40%.  Radiant 
heating and cooling relies on directly heating or cooling the occupant through 
surface temperature rather than the surrounding air. Radiant systems emit 
energy from the fl oor, wall, or overhead panel. Underfl oor and wall radiant 
heating systems are called low-temperature systems. Because they heat 
a much larger surface, a lower temperature is required to achieve the same 
heat transfer. Radiant cooling relies on chilled water pipes to distribute cooling 
throughout a building, relying on the direct cooling of an occupant. 
BEST FOR CLIMATES: Any
TYPICAL PROJECT TYPES: Any
http://apps1.eere.energy.gov/consumer/your_home/space_heating_cooling/in-
dex.cfm/mytopic=12590
http://www.toolbase.org/Technology-Inventory/HVAC/hydronic-radiant-cooling

UFAD
Underfl oor air distribution systems distribute conditioned air through fl oor 
diffusers  from a supply air plenum under the fl oor.  The diffusers are often 
adjustable, allowing greater occupant control than with a conventional ceiling 
supplied system.  Because the air is supplied directly to the occupied zone 
rather than above it, the air can also be supplied at a higher temperature and 
lower velocity than in a conventional ceiling supplied system.
BEST FOR CLIMATES: Any
TYPICAL PROJECT TYPES: Open Offi ce
http://www.cbe.berkeley.edu/underfl oorair/techoverview.htm

System Components

HEAT RECOVERY
Energy recovery systems capture and reuse waste heat produced by the 
building’s exhaust air, refrigeration, or hot water systems.  Every project’s 
opportunities for energy recovery are different, therefore energy recovery 
systems are specifi c to the needs and opportunities of a given project. For 
example, air-to-air heat wheels are employed at mechanical fl oors of the CRC 
Tower, making use of released energy from general offi ce areas.  Heat wheels 
recover the cooling energy from the offi ce exhaust air by interlocking with the 
extraction systems and fresh air intake fans.  Building types with high water use 
(hospitals, hotels) are particularly well suited for waste water heat.  
BEST FOR CLIMATES: Any
TYPICAL PROJECT TYPES: Any
http://www.energysystemsanalysts.com/waste_water_heat_recovery.html
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Microsoft West Campus, Seattle
• Underfl oor Air Distribution
• Daylighting
• High Performance Envelope

CRC Tower, Chengdu, China
• Heat Recovery
• High Performance Envelope
• Natural and Hybrid Ventilation
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Glorietta Development, Manila, 
Philippines
• Dessicant Cooling
• Solar Cooling
• Natural Ventilation

PEAK SHIFTING WITH ENERGY STORAGE
Energy storage systems draw energy from the grid at off-peak times and store 
it for use during peak periods.  Storing energy creates less of a demand on 
our resources and electrical grid and reduces energy costs for the client, since 
they do not have to buy energy during peak times when the costs are highest. 
Renewable energy (such as solar or wind) can also be collected and stored, 
creating a consistent power supply. 
BEST FOR CLIMATES: Any
TYPICAL PROJECT TYPES: Any
http://www.oe.energy.gov/storage.htm

SOLAR COOLING
Solar heat can be used as a power source in a variety of types of cooling 
systems including absorption chillers, desiccant coolers, evaporative coolers, 
and vapor compression systems.
BEST FOR CLIMATES: Dependent on type of cooling system
TYPICAL PROJECT TYPES: Dependent on type of cooling system
http://www.thesolarguide.com/solar-power-uses/solar-for-cooling.aspx

Other Strategies to Consider

The following strategies are often costly, but may be worth consideration. Renewable energy is receiving increasing interest 
from clients, with motivators including energy savings goals, press opportunities, or jurisdictional requirements. Renewable 
energy sources could provide a signifi cant portion of the energy used in future buildings.

PHOTOVOLTAICS
Photovoltaics produce electricity through direct conversion of solar radiation 
in the visible spectrum: light.  Photovoltaics use a renewable source of energy 
and require little maintenance after initial setup. The primary deterrents to PV 
use are the high fi rst cost and the high amount of energy required to produce 
PV panels.  However, increased popularity is driving down the cost, and new 
developments such as thin-fi lm and building integrated PV have less embodied
energy than traditional thick-crystal PV panels. Project sites determine the 
energy effi ciency of the system. 
BEST FOR CLIMATES: Sunny and Cool
TYPICAL PROJECT TYPES: Any, depends on project site
http://www1.eere.energy.gov/solar/photovoltaics.html Arjan Complex, Dubai

• Photovoltaics
• High Performance Envelope
• Daylighting
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FUEL CELLS
Fuel cells generate direct current power by converting the chemical energy of 
hydrogen and oxygen into electricity and heat. Fuel cells are up to 90% energy 
effi cient with 1-2% harmful emissions compared to coal’s 35% energy effi ciency
producing 66% harmful emissions. Cost is the main deterrent but is worth 
investigating, particularly for large projects.
BEST FOR CLIMATES: Any
TYPICAL PROJECT TYPES: Large projects with high hot water demands and 
24-hour loads (resorts, hospitals). Offi ce projects, in combination with cooling
system run by heat.
IMPLEMENTATION:
http://www.fuelcells.org/

ON-SITE WIND
Wind turbines use wind energy to produce electricity. Options for on-site wind 
energy include building mounted turbines, microturbines, and microwind 
generators.  Currently the primary deterrent to on-site wind is that wind speeds 
can be erratic and fl uctuate frequently, especially in urban areas.  Parapet 
mounted turbines that take advantage of updraft at building facades help to 
alleviate that concern. The windier the climate the more power will be generated 
by an on-site wind system, however, recent developments such as microwind 
generators and parapet mounted turbines can operate at wind speeds as low 
as 4 mph.
BEST FOR CLIMATES: Depends on local wind speeds.
TYPICAL PROJECT TYPES: Any
http://www.avinc.com/
http://www.energy.ca.gov/distgen/equipment/microturbines/microturbines.html

For Further Information:

Tom Marseilles, Principal of Stantec’s Seattle Offi ce, will be leading a high level energy effi cient mechanical workshop at 
Callison later this year. Invitations will go out to leadership soon.

A subsequent Cal-U class will be delivered in early 2009, open to all.


