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Luke is a LEED (Leadership in Energy and Environmental Design) Fellow; He is also a Centennial Fellow from The 
Pennsylvania State University Architectural Engineering Department; Board of Directors for USGBC (United State 
Green Building Council), Illinois; Chairman of the ASHRAE (American Society of Heating, Refrigeration and Air 
Conditioning) Committee on “Tall Buildings”; Chairman of the Building Pressure Committee, Chicago Committee on 
High Rise Buildings; Sustainable Committee with Council on Tall Buildings and Urban Habitat; Part Time Professor at 
IIT;  Member of the Chicago Sister Cities Program with China; MBA from University of Chicago, MS and BAE from 
Architectural Engineering at Penn State University. 

Luke Leung is a Director of the Sustainability Engineering Studio for Skidmore, Owings and Merrill LLP.  His work 
includes Burj Khalifa, the world’s current tallest man-made structure; Multiple times “Excellence in Engineering” 
award from the American Society of Heating, Refrigeration and Air Conditioning Engineers (ASHRAE); 2 awards from 
National Institute of Building Sciences, among others.  Selected projects also include Pertamina Tower (Net Zero 
Supertall), General Motors Global Headquarters, Roche Diagnostic in Indianapolis, Beijing Finance Street, Embassy 
of Ottawa in Canada, Embassy in Beijing, Lakeside – 55 million sqft low energy development, a LEED Platinum 
building with the first large scale horizontal wind turbine in the city of Chicago;  etc., and has served as a member of 
the editorial team for the CTBUH guide Natural Ventilation in High-Rise Office Buildings, ASHRAE “Design Guide for 
Tall, Supertall, Megatall Building Systems”, among other publications. 



Topics 
21st Century Tall Building Design 
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The locations of cities, environmental changes, ever-increasing heights of tall buildings, and focus on high-
performance design will create challenges for tall building design in the 21st century.  This dialogue will discuss 
microclimates of tall buildings. In particular, it will focus upon the impact 21st century climate and changing air 
contaminants have on tall buildings. Tall buildings should be designed to be resilient; researching and exploring 
related microclimate topics can inform our design.  Topics include: the integration of  tall buildings within the city to 
achieve optimal energy performances; the latest stack effect data, monitoring, and control; elevator door opening 
sequences and their impact on elevator shaft pressure; the integration of natural ventilation in tall buildings; how 
energy consumption changes with height; and cloud computing and advanced modeling techniques on tall building 
design. 

Burj Khalifa – The Tallest Building in the World 

This talk will focus on the design, construction, and post-occupancy of Burj Khalifa, the tallest building in the 
world.  The tower’s design optimizes performance by anticipating how environmental factors change both in the 
desert climate and at different elevations. Special attention was paid to materials selection, how creep and shrinkage 
impacts water risers, etc. The tower features many innovative systems. Select systems include: a 460 psi chilled 
water system; an ice storage chilled water system; one of the world’s largest condensate recovery systems; stack 
effect monitoring and control; post-occupancy measurement of air contaminant levels; special balcony door sensors 
that inform occupants when air quality is ideal for opening the door; and a first-of-its-kind “lifeboat” elevator system 
that can provide controlled evacuation, among others. 

Decarbonization of Buildings by 2050? 
 

ASHRAE recently formed the Building Decarbonization Task Force.  This task force is currently reviewing options and 
areas of net zero carbon in our buildings.   
 
Part of that is whether we will follow the Paris Agreement and its timeline.  In the Paris Agreement 2015, the world, 
except a few countries, agreed to 1.5°C as the climate change target which needs to happen before 2050. Global 
built environment professionals already developed road maps to arrive at net zero by 2050. E.g WorldGBC and 
Architecture 2030 in architecture, SE 2050 in structure. What about MEP? In this discussion, the various 
topics of decarbonization will be presented including the timeline road map used by architects and 
structural engineers.  
 
These roadmaps include both embodied and operating carbons.  While HVAC has been focusing more on operating 
energy, this is changing.  On the embodied side, leading design MEP firms in the US went public to request 
embodied carbon data in January 2021.  Also, developers, e.g., TIshman Speyer, Lendlease, are requesting 
embodied carbon data as a basis for preferred procurement.  On the operating side, the same group of MEP firms 
have been requesting manufacturers to provide all electric equipment.  In an all-electric world, rather than summer 
electricity peak, it is possible that electricity demand will be peaking in winter evenings when heat pumps have low 
COPs.  Storage will be a key. 
 
The newly formed ASHRAE decarbonization committee will be considering both embodied and operating carbon 
which may bring about different design considerations in the near future. 
 

Live Long, Healthy and Low Energy 
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Are people live in urban environment longer living and lower energy?  Since 75% of the world’s population will live in 
cities by 2050, we should ensure urban environment is where humans will thrive.  From regression analysis done by 
the SOM team, urban dwellers tend to live longer than the rural residents.  In fact, dense environment often coincide 
with longer life expectancy.  Compare to rural communities, urban dwellers also consumes less energy.  However, 
are urban dweller healthier and how can we further lower our energy consumption? 



Using Amish communities as a study case, this lecture will compare how our urban environment also brings about 
more allergy, autism, asthma, etc. cases, and how we can use nature and mechanical means to make us healthier 

Also using district scale system examples around the world, this lecture will study how cities and towns in US can 
lower the energy consumption through district scale integration. 

Net Zero Building vs. Net Zero District 

Over the last decade, the architectural and engineering design community has made great strides in improving the 
energy efficiency of buildings. This has been inspired by standards and guidelines developed by ASHRAE, USGBC, 
various government agencies and a public awareness translating to market demand. Buildings currently represent 
49% of the US energy consumption on an annual basis. The demand for energy efficiency goes beyond energy 
consumption and includes energy demand especially in economically expanding countries like China and India where 
there is a severe gap between electricity supply and projected demand over the next 10-20 years. The next phase in 
the energy efficient design will challenge the community to produce Net Zero Buildings (NZB). This challenge in the 
US by the AJA targets the year 2030 and in Europe, the target is year 2019. To achieve the target net zero for the 
next generation, the answer may partially rest in the larger infrastructure in the city from the central heating and 
cooling plant, co-generation, clean energy from the grid and looking at waste or renewable sources as a "resource" to 
generate power, similar to nature that has no waste and is integrated as a whole. 

Building energy efficiencies have been greatly enhanced over the last three decades by utilization by utilization of 
high efficiency glazing and envelopes, effective use of day lighting, high efficiency lighting, energy star computers and 
appliances etc. The energy required has been further reduced by the application of renewable energy strategies such 
as active solar systems, photovoltaic systems and building integrated wind turbines. Studies by National Renewable 
Energy Laboratory (NREL) have shown that zero energy becomes more difficult to achieve as the building height 
increases. However, the study also concludes that 62% of buildings could achieve net zero. Climate, of course, plays 
a major role in achieving the net zero with different strategies for efficiency and renewable strategies depending on 
climate. Tall buildings represent some challenges, but also opportunities in energy efficient design due to the 
changes in environmental conditions with altitude. As we strive to design NZB, there may be a point of diminishing 
returns economically. This extends the idea of NZB to Net Zero District (NZD). 

There are many advantages that can be offered by a NZD such as more land is generally available for the alternative 
energy plants due to the limited site area of individual buildings. A district plant, electric, cooling, and/or heating will 
also see significant load diversity due to serving multi use buildings. The plant can also use larger more efficient 
generating equipment and would likely have unblocked access to the resources of wind and sun. Strategic locations 
of the generating plant can take advantage of increased efficiency measures such as lake or sea water cooling. 
Another main advantage of the NZD is that the responsibility is shared by the building owners, the utility companies 
and the local and federal government. We propose a design process to achieve NZB/NZD that begins with optimizing 
the architectural systems to reduce the energy requirements of buildings and then apply practical alternative energy 
strategies at the building level. At the district level, apply large scale alternative energy strategies such as thermal 
solar, photovoltaic and wind turbines for power generation. Next, apply non fossil fuel co-generation technologies for 
remaining peak and annual energy requirements. 


