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ASHRAE’s BEST

Johnson Controls used personal environmental modules, highly integrated direct digital controls, as 

well as other technologies for an extensive renovation/new construction of its headquarters in 2009. 

The innovative system designs and other sustainable strategies enabled Johnson Controls to achieve 

LEED Platinum certification for four buildings on the Milwaukee campus. 

The campus includes the Power So-
lutions division in a multiple building 
campus. Prior to construction, the cam-
pus consisted of Buildings 1, 2 and 3, 
which were built in the mid 1960s and 
the Battery Technology Center (BTC), 
which was purchased in the early 1980s. 
Building 1 was renovated in 2005, 
which sparked the campus remodeling 
process. 

As part of this project the Ame-
nity Building, Power Solutions Building 
(PSB) and a four-level, 400-vehicle park-
ing structure were built as new construc-
tion while Buildings 2 and 3 underwent a 
complete renovation. The Amenity Build-
ing is a 31,700 ft2 (2945 m2) single-story 
building with a cafeteria, fitness center, 
and two large meeting rooms. The Power 
Solutions Building (PSB) is a 114,599 ft2 

(10 646 m2), two-story office building. 
Photo 1 is an aerial view of the campus.

As part of the campus revitalization 
the following requests were made by the 
owner: 

sustainable campus
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SECOND PLACE: COMMERCIAL BUILDINGS, NEW

Four buildings on the Johnson Controls headquarters campus in Milwaukee have been awarded LEED Platinum certification.
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technology award case studies

Building at a Glance

Name: Johnson Controls 

Headquarters

Location: Milwaukee

Owner: Johnson Controls

Principal Use: Office

Includes: Cafeteria, fitness 

center, labs/testing, and a data 

center

Employees/Occupants: 1,000

Gross Square Footage: 385,000

Occupancy: 90%

Building 1
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Technology 
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Power 
Solutions 
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Parking 
Structure

Battery 
Testing 
Facility
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Photo 1: Aerial view of Johnson Controls corporate headquarters.

 • Make the entire campus LEED 
Platinum certified and become the world’s 
most sustainable campus;

 • Provide an interconnected chilled 
water system for all buildings on campus;

 • Create a mechanical room that show-
cases Johnson Controls’s equipment 
and controls to current and potential 
customers;

 • Provide monitoring and control of all 
Johnson Controls’s facilities from one 
location; and

 • Provide education to the public on 
sustainability.

Energy Efficiency and IAQ
The most significant upgrade is the 

central heat pump system, which inter-
connects the chilled water system for 
the entire campus. This allows the use 
of the most efficient chiller on campus 
at all times (the new centrifugal chiller 
in the Power Solutions Building), which 
operates at 0.40 kW/ton (0.01 kW/kW) 
on average, with a part-load rating of 0.29 
kW/ton (0.08 kW/kW). This eliminates 
the requirement to run a chiller in each 
building and two existing air-cooled 
chillers, which provides efficient cooling 
for the new construction, as well as more 

efficient cooling for the existing build-
ings on campus. The new central system 
consists of one 325 ton (1143 kW) water 
cooled centrifugal chiller; two 175 ton 
(615 kW) screw heat pumps; a geother-
mal field with 272 vertical wells, 300 
ft (91 m) deep; three 3,000 MBH (880 
kW) condensing hot water boilers for hot 
water backup; and a 325 ton (1143 kW) 
cooling tower for heat rejection backup. 
(See schematic of the new system on the 
next page, which is only available in this 
online article.) 

The new system provides year-round 
chilled water to the entire campus, heat-
ing for the domestic water system, and 
heating hot water for the Amenity Build-
ing and PSB. The heat pumps capture 
low grade heat from spaces around the 
campus such as the electrical, telecom, 
and intermediate distribution frame (IDF) 
rooms that would otherwise be wasted, 
and transfer the heat to the heating 
system. After using the heat throughout 
campus, the geothermal field can be used 
for heat addition or rejection depend-
ing on the season. Finally, if required, 
cooling towers or boilers are available 
as backup, which do not operate under 
normal conditions. 

During winter, heat is extracted from 
the ground and transferred to the water 
using two indoor central heat pumps 
meeting all of the Amenity and PSB heat-
ing and domestic water heating require-
ments. The heat pumps are more efficient 
than using natural gas hot water boilers 
and are projected to reduce the operating 
costs for heating by 29%. During sum-
mer, the geothermal system is the source 
of heat rejection for the centrifugal chiller 
as heat is transferred from the water into 
the earth, which acts as a heat sink stor-
ing energy. The ability of the geothermal 
system to reject the chiller’s condenser 
heat is more efficient than using a cool-
ing tower and is projected to reduce the 
chiller’s operating cost by 23%. 

In the Power Solutions Building, an un-
derfloor air distribution system (UFAD) 
provides heating and cooling in a design 
similar to a displacement ventilation 
system. Air is supplied at the floor and 
returned at the ceiling providing an ef-
ficient zone air distribution compared to 
a typical overhead system. Upstream of 
the PSB air-handling units (AHUs) is a 
total energy recovery enthalpy wheel to 
recover energy from the building exhaust 
air to preheat and precool outside air. 



The new hydronic system installed during the construction of the Amenity Building and Power Solutions Building. 
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Figure 1: The return air and cooling coil bypass on the AHUs and general exhaust/outside air energy recovery ventilator.

Coupled with the AHUs is a cooling coil bypass that reduces 
pressure drop when the AHUs are not in cooling mode, saving 
fan horsepower. A return air bypass provides optimum supply 
air temperature for the underfloor system (Figure 1). 

Heating is provided through fan-powered variable air volume 
(VAV) boxes in the floor plenum that serve the common spaces 
and building envelope while workers are provided with personal 
environment modules (PEMs) and occupancy sensors to turn 
off equipment at each workstation when occupants are not at 
their desks. PEMs allow users to control their own workstation 
conditions including task lighting, airflow, white noise, and 
provide additional filtration for conditioned air directly from 
the floor plenum to their workspace. The major advantage of 
the PEMs is the individual control of comfort conditions. A 
direct result of the underfloor system is a decrease in work 
tickets for hot/cold calls in spaces using PEMs compared to 
traditional VAV systems. 

In addition, CO2 sensors are in all conference rooms, open 
office spaces, and the cafeteria to allow a balance between IAQ 
and energy efficiency. The CO2 sensors modulate outdoor air 
through demand controlled ventilation (DCV) to provide ac-
ceptable IAQ with low energy consumption. CO2 sensors in 
the return airstream of both buildings have proven that CO2 
concentrations are relatively low throughout the building and 
typically vary from 450 to 750 ppm, which is much lower than 
the ASHRAE recommended concentration of approximately 
1,000 ppm. Prior to occupancy a complete flush out of each 

building was completed and VOCs are continuously monitored 
at each AHU to maintain indoor air quality. 

Beyond HVAC, the whole campus uses a lighting control 
system that is integrated into the building automation system, 
including dimmable fluorescents and shades that are automati-
cally controlled based on the position of the sun and time of day. 
Natural light is used as much as possible on campus through 
skylights, light monitors and large façades of glass. A majority 
of the time, lighting levels on campus operate at a dimmable 
state of 0.45 to 0.60 W/ft2 (4.84 to 6.46 W/m2), depending on 
time of day and natural light. This has been one of the most 
recognized improvements on campus, as many employees have 
commented on their satisfaction with the large amount of natural 
light available and openness within the buildings as shown in 
Photos 3a and 3b.

With all of these energy-efficiency techniques used during 
the project, the entire campus is operating at low energy con-
sumption. The Amenity Building and PSB have averaged ap-
proximately 3 W/ft2 (32.28 W/m2), which includes all lighting, 
process and mechanical loads over occupied and unoccupied 
modes during the summer months.

Environmental Impact
In addition to energy efficiency, sustainability efforts on the 

campus were a high priority. The campus reduces the risk to the 
environment by providing alternative means of heating and cooling 
the building without the use of fossil fuels. The new construc-
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Photos 3a and 3b: The use of natural light is one of the most recognized improvements 
on campus. The Power Solutions Building, shown here, is one example.

tion uses only HFC refrigerants to reduce 
the ozone depletion and global warming 
potential. During construction more than 
25% of the project’s materials were locally 
harvested or manufactured. Construction 
demolition waste was closely managed and 
more than 75% was successfully diverted 
from disposal to a landfill and 89% of 
construction waste was recycled. 

On the roof of the Power Solutions 
Building is a 34 panel, 210 MBH (62 
kW) solar thermal array for preheating 
domestic hot water for the new build-
ings, the kitchen, and the fitness center. 
The solar thermal system is expected to 
save approximately 2,837 therms (ap-
proximately $2,500) per year of natural 
gas. The domestic water system plumb-
ing fixtures are all low flow. The urinals 
are water free and the water closets are 
dual flush to reduce water consumption. 
The campus also has a rainwater recov-
ery system that collects rainwater from 
roof drains from approximately 50% of 

the campus roof area, subsurface foun-
dation drainage, and from clear water 
waste such as cooling coil condensate, 

into an exterior, below grade cistern. 
The water is treated through charcoal 
filters and UV lights and can be reused 
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for water closet flushing to further reduce water consumption. 
Similarly, multiple rain gardens are located throughout the site 
to recharge the ground water system and minimize the amount 
of storm water runoff discharged to the sewer system. Overall, 
water reuse on campus is approximately 600,000 gallons (2 
271 246 L), while low flow fixtures have reduced water use 
by 1.1 million gallons (41 639 510 L) for a total reduction of 
1.7 million gallons (64 351 970 L) of water annually. 

needed for office remodels. A benefit of the geothermal field is 
that cooling tower maintenance is virtually eliminated, which also 
reduces the need for chemical treatment in the towers, filling and 
draining the towers, and fan/equipment maintenance. To maintain 
the campus operation as designed, commissioning continues to 
be conducted, as sensors and controls are under a continuous 
maintenance procedure and the chillers are analyzed on a yearly 
basis to ensure the units maintain operation at peak efficiency.

A large PV field was provided on 
site above the geothermal field and a 
second PV array was provided on the 
roof of Building 3 to reduce the energy 
requirements of the campus further. The 
combined 385 kW solar PV system is 
entirely consumed by the campus, is 
Wisconsin’s second largest installation 
and provides approximately 477,117 
kWh (approximately $33,000) per year 
of renewable energy. For the remainder of 
the power required that is not generated 
on site, the campus purchases renewable 
energy credits from a local utility each 
month. According to the Cleaner and 
Greener emission reductions calculator, 
thousands of pounds of harmful emis-
sions can be avoided in the Milwaukee 
and Wisconsin areas. The use of the 
solar PV system will offset 375 tons of 
greenhouse gases (CO2); 1,891 pounds 
of NOx; 4,437 pounds of SO2; and 7,888 
mg of mercury per year from utilities in 
Wisconsin. Similarly, the solar thermal 
system will offset 33,216 pounds of CO2 
per year and 43 pounds of NOx per year 
in the Milwaukee area.

Operation and Maintenance
Operation of the campus is controlled 

by its own controls, equipment and staff. 
The direct digital control (DDC) system is 
programmed to provide a fully functional 
building with the ability to modify and 
adjust setpoints in-house or remotely. A 
conference room within the Power Solu-
tions Building is dedicated to the operation 
of the control system, including the ability 
to observe, adjust and control multiple 
Johnson Controls facilities globally. All 
refrigeration and heating systems are cen-
tralized in the lower level mechanical room 
to simplify maintenance. The use of the 
raised floor system is also beneficial to the 
maintenance of the MEP systems, as floor 
tiles can be moved and underfloor VAV 
boxes and floor grilles can be adjusted as 
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Innovations
Many of the technologies used at the campus have been used 

on other projects, but rarely have they all been combined and 
used in one project. All of these technologies were used with 
the goal to reduce energy consumption, as well as provide su-
perior occupant comfort. The project has additional metering, 
monitoring and control points provided for all the buildings on 
campus compared to typical buildings. The additional control 
points allow the monitoring of each build-
ing on campus and are used to show the 
occupants operational data of how much 
energy the campus is producing and 
consuming. The campus has touch screen 
monitors that allow users to observe the 
energy harvested from the PV field or 
consumed in PSB, all in real-time.

Another innovative feature of the project 
is the extensive use of the DDC system. 
The DDC system can be used to manage 
conference room occupancy, lighting con-
trols and HVAC equipment operation to 
coincide with use. In emergency situations, 
the DDC system is used as a first alert to 
automated external defibrillator (AED) 
calls on campus, by paging employees 
with first aid training. In addition, during 
emergency evacuation conditions, the DDC 
system can provide a list of employees who 
have badged in and are on campus, saving 
valuable time in an emergency.

Cost Effectiveness
The goal of this project was to save 

on the long-term operational cost of the 
building systems. Operation costs of the 
building mechanical systems dictated 
decisions within the design process re-
sulting in the hybrid heat pump system, 
geothermal field, solar thermal and PV 
fields to offset energy use on campus. 
During the project two existing buildings 
were retrofitted and two new buildings 
were constructed for a total of 306,359 
ft2 (28 461 m2) of construction. Despite 
the additional square footage, when com-
paring utility bills before and after the 
renovation, the energy consumption for 
the entire campus, including an on-site 
research facility (Johnson Controls’s bat-
tery testing facility) and data center, has 
dropped by 5% compared to the previous 
year’s energy consumption. This was, in 
large part, due to the reduced lighting 
levels from daylighting, solar energy har-
vesting and the hybrid heat pump system.

Conclusion
After design, construction and occupancy since 2009, 

four buildings on the Johnson Controls campus have 
been awarded LEED Platinum Certification, the largest 
concentration of buildings ever to be awarded on one 
site. All project goals have been successfully achieved, 
providing Johnson Controls with a sustainable campus 
for the future.


