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More Than Skin
c a s e  s t u d y  N o r t h  E x E l o N  P a v i l i o N s

Energy efficiency is more than skin deep in the solar clad North Exelon Pavilions 

at Chicago’s Millennium Park. The pavilions incorporate photovoltaic modules into 

a curtain wall system that reduces building skin materials first cost and cooling 

loads. Nevertheless, with a payback period that exceeds the life expectancy of the 

photovoltaic modules, the project focus goes beyond economic benefits to promote 

renewable energy and demonstrate building-integrated photovoltaics to park visitors. 
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B u i l d i n g  at  a  g l a n c e

B u i l d i n g  t e a M

owner City of Chicago

meP engineer  
environmental systems design, inc.

Architect  
Hammond Beeby rupert Ainge Architects

structural engineer  
Thornton Tomasetti, inc.

Civil engineer  
Kowalenko Consulting group, inc.

general Contractor Walsh Construction

Building name north exelon Pavilions

location millennium Park, Chicago

size 4,100 ft2 (east); 6,100 ft2 (west)

started January 2004

Completed november 2004

use exhibit, office and shop space, stair  
and elevator towers, and welcome center 

Cost $7 million

distinctions leed-nC silver; Honorable 
mention, 2006 AsHrAe Technology Awards

sustainable design in Park
As both an architectural highlight and 
an example of sustainable design, the 
two buildings comprising the North 
Exelon Pavilions (east pavilion and 
west pavilion) welcome visitors to 
Chicago’s new cultural landmark, 
Millennium Park. With a USGBC 
LEED® for New Construction (NC) 
Silver rating, the pavilions support 
Chicago in its drive to become envi-
ronment friendly. However, North 
Exelon Pavilions are just one sus-
tainable feature built into Chicago’s 
Millennium Park. 

Opened in 2004, the park added 
more than 24 acres of green space in 
the heart of downtown Chicago. Built 
over a surface parking lot and active 
railroad tracks, the large public park 
provides city residents and visitors 
with recreation, transportation and 
cultural facilities such as an outdoor 
concert venue with 95,000 ft2 lawn 
area. Millennium Park’s design inte-
grates more than 12 acres of perme-
able area, allowing rainwater to reach 
the roots of the park’s vegetation. 

Renewable energy systems total-
ing 68 kW are located at several 
sites within the park. The North 
Exelon Pavilions are two of five solar 
installations. Rooftop photovoltaic 
modules rated at about 1 kW each 
are located on two parking garage 
entryway structures at the south end 
of the park. An 8 kW photovoltaic 
system is incorporated into clear 
roof panels atop a bike shelter at the 
north end. 

solar showcase
Funded largely through private 
donations, Millennium Park’s design 
was influenced by those organiza-
tions providing the funding. In the 
case of the North Exelon Pavilions, 
Exelon, an electric utility, was eager 
to support a project that promotes 
renewable energy and demonstrates 
building-integrated photovoltaics. 
With the pavilions’ relatively small 
footprint, rooftop systems would 
have been limited in capacity. Much 
higher capacity could be achieved 
using photovoltaic modules incorpo-
rated into the curtain wall system. 

The visibility of photovolta-
ics incorporated into the curtain 
wall compared to a roof-mounted 
photovoltaic system further affected 
the design concept. As a demon-
stration project, it made sense to 
incorporate the photovoltaic modules 
into the curtain wall so they could 
be seen easily by park visitors. 
Following extensive research and 
consultation, a decision was made 
to incorporate, on all four walls, 
photovoltaic modules into a curtain 
wall system. 

Minimalist, yet Functional
The architect’s vision for the North 
Exelon Pavilions was black mini-
malist cubes. However, photovoltaic 
modules available at the time did not 
meet the architect’s design scheme 
for the façade. The project team col-
laborated with a local manufacturer 
to produce a custom photovoltaic 
module to meet the architect’s 
desired appearance.

The basic design of a standard 
photovoltaic module was modified to 
alter the appearance while maintain-
ing most of its technical specifica-

tions. The white background upon 
which the photovoltaic cells are 
mounted was changed to black. A 
black covering was applied over the 
otherwise silver bus bars that con-
nect the photovoltaic cells. Reflective 
glass with higher iron content 
replaced the standard matte glass. 
Combined, these architectural modifi-
cations achieved the black minimalist 
appearance desired by the architect. 
Although the tinted glass slightly 
reduced the amount of sunlight 
reaching the photovoltaic cells, the 

Deep
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electrical ratings of the photovoltaic 
modules remained unchanged from 
the standard module.

 At Chicago’s latitude, the optimal 
tilt for a fixed photovoltaic module 
is 41°, facing due south. Mounting 
the photovoltaic modules in a curtain 
wall system fixes the module tilt at 
90°, reducing output for the south-
facing modules. The modules not 
facing south must be further derated 
because they are exposed to sunlight 
for considerably less time than the 
south-facing modules. In total, the 
system peak capacity was derated 
50%, from 58 kW to 28.9 kW. 

A local manufacturer modified standard photovoltaic modules to achieve a black 
minimalist appearance.

Chicago’s Millennium Park contains 24 acres of green space and five solar installations, including the North Exelon Pavilions.
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exelon’s Photovoltaics 
Several photovoltaic modules are con-
nected to form a series array with a 
total installed peak capacity of more 
than 58 kW. The number of modules 
that can be connected in series can-
not exceed the maximum system 
voltage, in this case 600 V. Series 
connected arrays are connected 
in parallel, via a combiner box, to 
increase the array power output up 
to the rating of the inverter. The dc 
voltage from each array is connected 
to an inverter that converts the dc 
power to line voltage compatible with 
the building’s electrical system. The 
output of each inverter is connected 
to the building’s electrical distribu-
tion system through a circuit breaker 
located in a dedicated and metered 
electrical panel. 

Redundant, low impedance bond-
ing paths were installed because 
the voltage present at the module 
terminals can be high. These ensure 
the inverter’s protective circuitry 
will shut down the system at the first 
indication of a problem.

The photovoltaic systems are fully 
automatic. When sunlight strikes the 
photovoltaic module’s cells, a voltage 
is produced across the module’s out-
put terminals. The system inverter 
senses the voltage. After a start-up 
and test sequence, the inverter 
begins converting the photovoltaic 
module’s dc power to ac power suit-
able for input into the electrical 
system. The power output of the 
photovoltaic system is a function of 
sunlight angle and intensity, module 
shading, air temperature, and wind 
speed, factors that vary throughout a 
day and year.

Because the photovoltaic system is 
rated for only 10% of the building’s 
electrical energy use, the electrical 

P h o t o v o lta i c  s y s t e M

a d d i t i o n a l  s u s ta i n a B l e  F e at u r e s

transportation Public transportation is eas-
ily accessible from both the east and west 
pavilions. The project site is located directly 
over a commuter railway station. Bus stops 
are located on the street in front of the site. 
Additionally, an indoor bicycle storage area 
with changing facilities can be found a short 
distance from the east pavilion. 

construction The east pavilion was 
designed to work around an existing eleva-
tor and stairway lobby. Because the existing 
structure was not razed, less material was 
hauled to a landfill and less material was 
required for construction. more than 75% of 
the existing structure was reused.

strict recycling procedures diverted more 
than 75% of the construction waste. more 
than 12% of the construction materials were 
made from recycled material; more than 74% 
of the construction materials were locally 
manufactured; and 100% of the wood used 
was certified in accordance with the forest 
stewardship Council’s principles and criteria. 
furthermore, carpeting, paint and adhesives 
with low VoC emissions were selected. 

insulation The insulation values required by 
the Chicago energy Conservation Code and 
Ansi/AsHrAe/iesnA standard 90.1-1999, 
Energy Standard for Buildings Except Low-
Rise Residential Buildings, were exceeded 
using a multilayered exterior skin. The 
outermost layer of the exterior skin is the 

photovoltaic module. directly behind the 
photovoltaic module, a layer of foam insu-
lation separates the module from an air 
space. The air space is separated from the 
interior space by an insulated gypsum wall-
board assembly.

The u.s. environmental Protection Agency 
(ePA) energY sTAr® -compliant roof is com-
prised of a highly reflective white membrane 
adhered to roofing insulation. supported by 
a concrete slab assembly, the roof insula-
tion rating exceeds the energy code require-
ments. The white roof minimizes the heat 
island effect.

lighting Photovoltaic modules cover about 
80% of the exterior wall area, and vision 
glazing constitutes the remaining 20%. The 
building’s relatively small footprint and stra-
tegic placement of the vision glazing allows 
more than 90% of the building work areas to 
receive daylight.

Comfortable lighting levels were main-
tained while keeping the lighting load den-
sity below energy code requirements using 
efficient compact fluorescent lamps. lighting 
is switched off when areas are not occupied 
through manual switching, occupancy sen-
sors and photocells.

Water Water use was reduced by more than 
20% through low flow plumbing fixtures and 
sensor activated faucets.

Photovoltaic  
Module Array

Disconnect Switch

Combiner 
Box

Additional Arrays

Inverter

Additional Inverters

Panel 
Board

To Building  
Electrical Distribution

kWh
Meter
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Panel system Maintenance
The photovoltaic panels are inte-
grated into a modular exterior wall 
glazing system. The panel system 
is modular with modular electrical 
components for ease of installation 
and maintenance throughout the life 
cycle. Periodic cleaning of the cur-
tain wall system, similar to cleaning 
vision glass, is all that is typically 
required. In the event of a failure, a 
photovoltaic module can be accessed 
by removing the curtain wall hold-
ing straps. The module can then be 
removed, providing access to the 
system wiring. 

Typically, warranties for the 
photovoltaic modules are 10 to 20 
years. However, because there are 
no moving parts, the modules are 
expected to last much longer. The 
system inverters are checked on a 
weekly basis to ensure the automatic 
protective functions have not detected 

a problem. Inverters for photovoltaic 
applications generally are provided 
with a five-year warranty.

Building Performance
A district chilled water system pro-
vides cooling for the east pavilion. 
Electric resistance coils located 
within the ventilation system provide 
heating. The east pavilion, being an 
extension of a previously standing 
garage structure, obtains electric-
ity and chilled water from exist-
ing distribution systems. Although 
metering is installed at the garage 
structure utility service entrances, 
submeters to provide information 
about the performance of the east 
pavilion’s mechanical systems are 
not available. 

Three separately zoned direct 
expansion split systems provide cool-
ing for the west pavilion’s three levels. 
Electric resistance coils located in the 
air-handling systems provide heating. 
Electrical metering installed in the 
west pavilion allows for the analysis 
of the performance of the west pavil-
ion’s mechanical systems. 

With Chicago’s cold climate caus-
ing the peak energy demand to occur 
in the winter, a three-year average 
of energy use for the west pavilion 
indicates a peak monthly demand 
in December of about 34,000 kWh, 
while the minimum monthly demand 
occurs in April at about 8,500 kWh. 
In comparison to the building energy 
model, the actual energy use is 
nearly equal to the estimate for the 
month of April. On the other hand, 
the other months, especially during 
the heating season, vary significantly 
from the estimate. Likely causes for 
the discrepancy include building 
operation, weather conditions and 
building use.

devices operating in the building gen-
erally use all the power generated by 
the photovoltaic system. In the event 
the photovoltaic system generates 
more power than the building can 
use, power would flow through a net 
kWh meter to the utility system. A 
net meter differs from a typical kWh 
meter in that it is capable of measur-
ing power flow in either direction.

A metering system stores perfor-
mance data, available to mainte-
nance staff through a Web-based 
display and to visitors at a kiosk. 
The educational kiosk features an 
interactive display, presenting visi-
tors with performance data for the 
park’s renewable energy systems. 
Data displayed includes energy gen-
erated, CO2 reduced or equivalent 
trees planted, sulfur dioxide offset, 
nitrogen oxide offset, equivalent 
homes powered and equivalent cars 
taken off the road.

t y P i c a l  d a i ly  g e n e r at i o n  o F  W e s t  Pa v i l i o n
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photovoltaic system offsets energy 
use in a range varying from 1% in 
December (highest energy use) to 
12% in April (lowest energy use). The 
total energy produced by the west 
pavilion from system start-up in April 
2005 to March 2008 is 21,500 kWh. 

In terms of its impact on the envi-
ronment, from April 2005 to March 
2008, the power generated by the 
building skin offsets approximately 
130 lb of nitrogen oxide, 64 lb of 
sulfur dioxide, and 30,000 lb of 
CO2 or the equivalent of 624 trees 
planted. In terms of energy cost 
offset, using a rate of $0.084/kWh, 
the photovoltaic system has saved 
approximately $1,800 in utility 
energy costs since system start-
up. The east pavilion photovoltaic 
system, being identical to the west 
pavilion, is assumed to generate 
power equal to the west pavilion. 

not Just about Payback
With a goal of fostering sustain-
able architecture and working 
toward self-sufficiency, the North 
Exelon Pavilions project demon-
strates that building-integrated 
photovoltaic panels are a techni-
cally viable option. Although a 
simple calculation of payback for 
a photovoltaic system shows that 
the payback period exceeds the 
life expectancy of the photovoltaic 
modules, a more comprehensive 
analysis is warranted.

Building-integrated photovoltaic 
systems can occupy an otherwise 
underused portion of a building 
façade. Consider, for example, a 
building-integrated photovoltaic 
application where the photovoltaic 
modules replace what would other-
wise have been a spandrel panel or 
section of opaque spandrel glass. 
In this case, the module is acting 
as the spandrel panel or spandrel 
glass. The cost of the spandrel panel 
or glass is avoided and should be 
considered when analyzing the cost 
impact of the building-integrated 
photovoltaic system.

 The west pavilion’s photovoltaic 
system was designed to offset 10% of 
the building’s energy use annually. 
The photovoltaic system’s energy pro-
duction data shows that it has offset 
the west pavilion’s annual electricity 
use by 4%. On a monthly basis, the 

The west pavilion serves as a welcome center for Chicago’s Millennium Park.
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resulting in a lower cooling load. 
The cost savings realized through the 
reduction of the mechanical cooling 
systems, when applied to the cost of 
the building-integrated photovoltaic 
system, make the economic analysis 
more favorable.

Benefiting society
Serious thought should be given to 
our environment when planning con-
struction projects. Sustainable archi-
tecture and self-sufficiency are goals 
that should be pursued regardless 
of measurable economic benefits. A 
benefit like reduced pollution may 
be intangible to a building owner’s 
construction budget, but directly 
realized by society.

Projects like the North Exelon 
Pavilions that demonstrate new tech-
nologies and foster new thinking in 

can significantly reduce the cool-
ing load by blocking summer sun 
while generating power for use by 
the building. Similarly, photovoltaic 
modules installed as roof shades can 
reduce a building’s solar heat gain, 

Additionally, in applications where 
the building-integrated photovoltaic 
system provides solar shading, 
the cooling load of the building is 
reduced. A photovoltaic module 
installed as a window shade or fin 

B u i l d i n g  e n v e l o P e

P h o t o v o lta i c  c o n s i d e r at i o n s

are building photovoltaic systems worth it? 
decisions concerning which elements and 
features will be included in a building’s design 
are often made based on economic payback. 
Considering present energy costs and present 
photovoltaic system efficiencies, the payback 
for a photovoltaic system exceeds the lifetime 
of the photovoltaic system. As an example, 
consider a 2 kW system with an industry aver-
age cost of $10/W. in Chicago, this system 
would be expected to offset $200 of energy 
costs per year. The simple payback for this 
$20,000 system is 100 years. Building-
integrated photovoltaic systems typically cost 
more than rooftop systems, making the pay-
back period even less attractive to an owner. 

However, there are factors other than eco-
nomic payback to consider when choosing a 
building-integrated photovoltaic system. for 
example, a building’s skin usually consists 
of several elements, and payback is rarely 
a consideration in deciding which elements 
make up this building component. By integrat-
ing photovoltaics into the curtain wall, other 
materials can be eliminated, lowering the 
building’s first cost. 

in the case of Chicago’s north exelon 
Pavilions at millennium Park, the architect’s 
vision of the building’s façade and exelon’s 
interest in designing a renewable energy 
demonstration project overshadowed the 
photovoltaics’ payback period. 

are funding sources available to help  
reduce the cost of photovoltaic systems?  
grants and incentives may be available to 
help fund the project. A wealth of informa-
tion is available from the database of state 
incentives for renewables & efficiency at 
www.dsireusa.org.

if there is no attractive economic payback, 
why install building-integrated photovoltaics?  
Photovoltaic systems are environmentally 
responsible. The electricity generated by 
the photovoltaic system is used near the 
source of generation, avoiding losses associ-
ated with the utility transmission system. 
furthermore, the power generated by the 
photovoltaic system is free of pollutants and 
emissions. in comparison to burning fossil 

fuels, pollutants such as nitrogen oxide, Co2 
and sulfur dioxide are avoided. using energy 
generated from a renewable source positively 
impacts the environment for years to come.

Will building-integrated photovoltaic  
systems become economically attractive  
in the near future?  
The north exelon Pavilions were designed 
in early 2003. At the time, the photovoltaic 
modules integrated into the curtain wall had 
a maximum power rating of 75 W. Today, 
technology improvements have increased 
the maximum power rating per module to 
more than 200 W. The increase makes a 
photovoltaic system more economically 
attractive. even so, reasonable payback peri-
ods are still not achievable. further advances 
in photovoltaic cell technology and higher 
market demand may eventually change this, 
but until this time, building designers must 
look beyond simple economic payback to 
justify the cost of including these systems in 
a building’s design.
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new technology  
Although photovoltaic systems have been 
used for years and their effectiveness has 
been established, their use as an element of 
a curtain wall system or any other element 
of a building’s skin is fairly new. As is typi-
cal with new technologies, problems arise in 
their implementation. specifically, the design 
team of the north exelon Pavilions con-
fronted challenges in material availability and 
installation experience. 

Material 
Today, several manufacturers offer photovoltaic 
modules suitable for integration into a curtain 
wall system. But at the time the pavilions’ 
design was underway, components meeting 
the project’s needs were not available. A local 
photovoltaic module manufacturer solved the 
parts availability problem by customizing a stan-
dard photovoltaic module to meet the require-
ments of the project. This arrangement left 
the project with only one manufacturing source 
for the photovoltaic modules, diminishing the 
advantage of competitive pricing.

installation  
similar to the material availability problem, 
the project encountered a lack of experienced 
building-integrated photovoltaic installers. 
Presented with a new technology, some 
installers likely did not submit a bid for this 
project, reducing the pool of qualified bidders. 
during construction, technical questions that 
arose were answered with the help of the 
photovoltaic manufacturer’s staff. 

building design benefit society for 
years to come. Public awareness  
was heightened by showcasing 
building-integrated photovoltaic 
technology in a popular public park. 
Since the design of the North Exelon 
Pavilions, photovoltaic module 

Mehdi Jalayerian, P.e., is senior vice 
president and steven eich, P.e., is vice 
president at environmental systems 
design in Chicago. 
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l e s s o n s  l e a r n e d

efficiency has more than doubled. 
Through continued design of proj-
ects like the pavilions and increased 
market demand for photovoltaic 
modules, renewable systems will 
yield economic benefits directly  
realized by building owners. •
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