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Abstract: It is commonly accepted that the concentration of people in high-density urban 
city centers, which are typically dominated by medium- and high-rise buildings located 
close to public transit systems, offers greater overall energy efficiency and lower life-cycle 
greenhouse gas emissions than lower-density expanded suburbs, which are dominated by 
low-rise single-family buildings and larger per-person automobile travel requirements. 
However, few studies have combined quantitative analyses of the life-cycle energy use of 
both buildings and transportation in both urban and suburban areas, especially in American 
cities. This work uses a variety of data sources to provide a quantitative comparison of the 
life-cycle energy consumption associated with residential life (including buildings, 
transportation, and supporting infrastructure) in prototypical downtown high-rises and 
suburban low-rises in and around Chicago, IL. We estimate that downtown high-rise living 
in Chicago, IL accounts for approximately 25% more life-cycle energy per person per year 
than suburban low-rise living, on average, contrary to some common beliefs (best 
estimates were ~141 and ~113 GJ/person/year, respectively). Building operational energy 
use was found to be the largest contributor of the total life-cycle energy in both the 
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downtown high-rise and suburban low-rise cases, followed by vehicle operational energy. 

Keywords: life cycle assessment (LCA); high-rise; energy; embodied energy; 
infrastructure; Chicago 

 

1. Introduction 

The U.S. population has continued to urbanize and suburbanize in recent decades. As a share of 
total population, the metropolitan population increased from 69% in 1970 to 80% in 2000 [1]. Within 
metropolitan areas, however, the population has mostly continued to suburbanize. From 1970 to 2000, 
the suburban population in the United States more than doubled, from 52.7 million to 113 million [2]. 
This phenomenon is especially highlighted in Chicago, IL, where there has been a large population 
shift from the city to the suburbs over the last half of the 20th century. According to the U.S. Census 
Bureau, the population of the City of Chicago peaked at 3.6 million in 1950 and contained 
approximately 70% of metropolitan area residents. By 2000, 2.9 million people in the City of Chicago 
made up only 36% of the region’s population [3]. Actually, U.S. Bureau of the Census does not 
identify a location as “suburban” Metropolitan areas are divided into two classifications: (a) inside 
central city and (b) outside central city. Many researchers treat the latter areas as suburban, and they 
are so treated in this paper [3]. 

It is widely accepted that the concentration of people in high-density downtown city centers, which 
are dominated by medium- and high-rise buildings located close to a variety of public transit systems, 
offers greater overall energy efficiency and lower life-cycle greenhouse gas emissions than  
lower-density expanded suburbs, which are dominated by low-rise single-family buildings and larger 
per-person automobile travel requirements [4–7]. To account for the total life-cycle energy use and 
greenhouse gas emissions of a particular living area, one must consider both the embodied and 
operating energy consumed during all phases of the life-cycle of two key sectors: buildings and 
transportation. A number of studies have examined the energy use and/or greenhouse gas emissions 
associated with low-rise residential buildings (i.e., single-family homes or small multi-family 
buildings) from a life-cycle perspective. A common finding for low-rise residential buildings has been 
that energy requirements for building operations tend to dominate overall life-cycle energy 
consumption compared to the embodied energy required for construction [8–11]. Unfortunately, very 
little data are available in the literature on either the embodied or operational energy use of high-rise 
buildings, which limits many direct comparisons of high-rise and low-rise buildings [12]. 

Further, many studies have explored the energy impacts of varied travel behaviors and have indicated 
that neighborhood characteristics such as density, levels of mixed land use, accessibility to public transit 
services, and the presence of pedestrian-friendly environments can contribute to a less car-dependent 
environment and lead to energy savings and reduced greenhouse gas emissions for transportation purposes 
alone [4,13]. For example, a study of 32 cities by Newman and Kenworthy concluded that there was a 
strong link between urban development densities and petroleum consumption [4]. 

However, few studies have combined quantitative analyses of the life-cycle energy use and/or 
greenhouse gas emissions of both buildings and transportation in both urban and suburban areas.  
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A few recent studies that have done so for cities such as Helsinki, Finland; Halifax, Canada; and 
Adelaide, Australia suggest that high-density urban areas may not actually lead to more energy- or 
carbon-efficient lifestyles [14–17], contrary to common beliefs. However, we are not aware of any 
similar comparisons in U.S. cities. Therefore, this work examines the life-cycle energy implications of 
downtown high-rise living compared to suburban low-rise living based on two distinct case studies in 
and around Chicago, IL using a variety of data sources and estimation methods. We specifically 
consider the following components of residential living: (1) the embodied and operational energy use 
of a prototypical code-compliant residential building of recent construction in each location  
(e.g., a high-rise in downtown Chicago, IL, and a low-rise residence in suburban Aurora, IL),  
(2) the embodied and operational energy for vehicle transport for multiple modes of transport 
including automobile, bus, train, and others based on average travel patterns in each location, and  
(3) the embodied and operational energy for transportation infrastructure for multiple modes of 
transport including automobile, bus, and train. 

2. Case Studies 

The research was based on two study areas in Chicago: Chicago Loop as a downtown high-rise 
case, and Aurora as a suburban low-rise case. Their geographic locations are shown in Figure 1. 

 

Figure 1. Site locations and transportation systems including Chicago Transit Authority 
(CTA) train lines, Metra lines, and major highways. 

Chicago has a long history at the forefront of skyscraper development. In the downtown Chicago Loop 
area, high-density residential communities and tall buildings dominate the housing type and all public 
transportation, including train lines and numerous bus lines, are easily accessible to a number of 
communities. Conversely, in Aurora, low-density residential communities and single-family homes 
dominate the housing type (single-family homes make up ~74% of homes in Aurora [18]). Aurora is the 
final stop of the Metra’s Burlington Northern Santa Fe (BNSF) Line connecting to downtown Chicago, and 
also operates a Pace suburban bus system connecting to the surrounding cities, although most travel occurs 
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via automobile. Figure 2 shows the distinctly different urban layouts of typical residential communities in 
the two study areas. 

Table 1 outlines the basic characteristics of the two study areas with data culled from a variety of 
sources. Generally, the Chicago Loop area indeed has a higher population density, lower household (HH) 
size, and lower vehicle miles traveled (VMT) than Aurora. 

  
(a) (b) 

Figure 2. Urban layouts of typical residential communities in the (a) downtown Chicago 
Loop and (b) suburban Aurora. 

Table 1. Basic characteristics of the two study areas. 

Basic Characteristics Chicago Loop Aurora 
Urban Pattern Downtown area Suburb area 

Population [18] 28,614 198,726 
Distance to Downtown Walkable Avg. 50 miles 

Avg. HH Size [18] 1.6 3.2 
Avg. Floor Area Occupied per Person (m2) * 66 66 

Avg. Annual VMT per HH [18] 6406 miles 20,150 miles 
Avg. Annual VMT per Person * 4004 miles 6297 miles 

Public Transportation 
All CTA Lines, All Metra 

Lines, and Multiple Bus Lines 
Metra BNFT Line and 

Pace Buses 
Note: * Calculated by the authors. Specifically, there is no data available indicating the average floor area of 
either a unit of downtown high-rises in Chicago or a single-family house in Aurora. According to the US 
Census, the average floor area of a single-family house completed in Midwest in 2010 was 210 m2 [19], and 
the average floor area of a multi-family unit completed in Midwest in 2010 was 106 m2 [20], which is 
assumed to be representative of an average floor area of a unit in downtown high-rises. 

3. Methodology 

3.1. LCA Analysis: An Overview 

Life cycle assessment (LCA) involves quantifying environmental impacts throughout a product’s life, 
from raw material acquisition through production, use, and disposal (i.e., cradle-to-grave) [21]. By 
including the impacts throughout the product’s life cycle, LCA provides a comprehensive view of the 
environmental aspects of the product or process and a more accurate picture of the true environmental 
trade-offs in product and process selection. Therefore, the life-cycle energy of a particular building or 
transportation network can be expressed as the sum of embodied energy (EE) + operational energy (OE) + 
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