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Introduction 

The Chicago Botanic Garden selected Environmental Systems Design (ESD) to design MEP/FA/FP 

systems for the new Learning Center, the center piece of the Regenstein Learning Campus.  

The Learning Center is a 26,700 sqft facility, pursuing LEED Platinum certification, and serving youth 

and adults with an enhanced focus on educational and science based classroom and community 

programs, utilizing both indoor and outdoor learning environments. The Learning Center is separated 

into two wings by the lobby. The Grainger Wing for classroom education consists of twelve 

classrooms and a kitchen classroom. The public wing consists of larger rooms for community 

programs; while, the second floor consists of an office suite for staff. The mechanical and plumbing 

systems are primarily contained within the basement level, which is also used as a tornado shelter. 

Both the second floor and basement level have a significantly smaller floor area as compared to the 

first floor. 

Systems Overview 

The mechanical system design evolved after several options were considered and analyzed. Use of 

the local pond was evaluated to act as a heat source/heat sink to accommodate the building heating 

and cooling provisions. Due to the long pipe runs, material costs, and long-term operation and 

maintenance factors, use of the local pond was not implemented. The use of an air cooled chiller was 

ultimately chosen after consideration of energy consumption, operational and maintenance savings. 

Features such as natural ventilation were concluded to offer minimal operating expenditure savings 

and increased maintenance concerns without the implementation of additional operating strategies. 

Mechanical ventilation is provided from a single variable air volume air handling unit, with MERV-13 

filters, serving VAV terminal units throughout the facility. The VAV terminal units include local hot 

water heating and individually control perimeter baseboard operation, per zone.    

The mechanical cooling system consists of a sixty-three nominal ton air cooled chiller serving a single 

air handling unit cooling coil. Chilled water pumps operate lead-standby at a variable flow to maintain 

air handling unit discharge air temperature. The mechanical heating system consists of two 94%+ 

efficient condensing boilers and primary secondary pumping arrangement, serving fin tube radiation 

units located along the perimeter, VAV box hot water coils, and air handling unit preheat coil. The 

domestic water system consists of high efficiency gas-fired water heaters. 

The building is backed up by a natural gas generator to maintain life safety and critical systems.  

Energy Efficiency 

The project followed ASHRAE 90.1-2010 energy code. Photovoltaic panels were provided on the 2nd 

floor roof structure provide an on-site renewable energy source.  The complete photovoltaic system is 

comprised of micro-inverters, 83 photovoltaic panels, rack system, grounding and web based 

monitoring which is also integrated into the building automation system (BAS).  After several 

iterations, each photovoltaic section was orientated to follow the curvature of the roof structure.  Each 

section of photovoltaic panels is angled 18 degrees from horizon.  The estimated annual system 

output is 23MWh. The Solar Photovoltaic system output is summarized below:  

• Estimated Solar PV Output: 23,012 kWh/year  

• Estimated Equivalent Solar PV Output: 78.52 Million Btu/year  

• Estimated % Total Energy Offset from Solar PV: 7%  

The extensive use of light scoops and overall building design resulted in 90% natural daylight, greatly 

reducing the lighting energy. In addition, daylight harvesting was incorporated in the lighting control 

system achieving additional energy savings for the facility.   

The approximate building energy usage was determined by the use of eQuest v3.65 and following 

LEED version 2009. The overall building energy efficiency was determined to be 32% more efficient 

than baseline. 

 



 

  

Indoor Air Quality 

The ventilation system incorporates direct outdoor airflow measurement at the air handling unit intake 

for accurate control at all modes of operation. The system was designed to deliver ventilation rates 

30% above ASHRAE 62.1 requirements. All classrooms and densely occupancy spaces are provided 

with CO2 sensors which are incorporated into the local and system wide outdoor air control strategies. 

Due to minimal ceiling space, VAV boxes were primarily placed outside the classrooms, in adjacent 

storage areas, resulting in special attention to air distribution and placement of diffusers. The design 

of the main lobby required VAV boxes to be located in the basement and ductwork routed 

underground to serve this first floor area. The indoor environmental quality is also enhanced by the 

high levels of daylight delivered to spaces and manual local control by the occupants of electronic 

shades. 

Innovation 

Some of the significant engineering challenges with this facility were generated by the unique 

curvature as previously mentioned. Innovative implementation and installation techniques were 

required and coordinated to achieve system distribution and performance, while keeping systems 

hidden. Underground ductwork was used to minimize space requirements, allowing for higher ceiling 

heights where possible. The use of flex connections for perimeter fin tube was also implemented to 

accommodate the curvature of building. Suspended plumbing mains followed the building curve to 

avoid the light wells and utilized Type K soft copper to achieve each unique bend radius. The fire 

protection sprinkler distribution and placement, shown in the figures below, was also unique due to 

the angled light scoops and no ceiling cavity. 

 
Figure 1: Sprinkler In Light Scoop Detail                Figure 2: Installed Sidewall Sprinkler 

All light fixtures throughout the interior and exterior of the facility are LED. Monitoring and control of 

interior lighting was implemented on a per fixture basis. Exterior lighting is monitored and controlled 

on a zone basis. Emergency lighting is also dimmed to minimum levels when the building is 

unoccupied for a minimum amount of time.  

Operation and Maintenance 

Rain water harvesting was achieved by diverting water from the storm water management system 

into an existing storage system and is reused for irrigation. 

Extensive energy metering and trending through allows for added insight into the facility operations. 

Sophisticated integrations to the PV system, lighting system, utility meters, and other direct 

monitoring integral to the BAS is centrally collected for analysis and reporting. The data within the 

BAS is also displayed on a dashboard in main lobby as an educational tool for visitors.  It shows in 

real-time the actual consumption of lighting power, receptacle power, HVAC power, PV performance, 

gas usage and water usage. This along with all other data points within the BAS provides for future 

operational and maintenance planning based on historical data, immediate notification of real-time 

data and off-normal conditions. These features contribute to more efficient and effective day-to-day 

operations. 



 

  

The use of pressure independent control valves throughout the hot water system eliminates the need 

for future rebalancing and contributes to maximizing the differential water temperature observed by 

the condensing boiler plant.   

The use of LED light fixtures throughout the facility reduces maintenance. The lighting control and 

building automation system granularity and flexibility provide coordinated system operation in the 

building.  

Cost Effectiveness 

The high first cost and operational costs of utilizing the local pond as previously described, were 

avoided in the initial stages of the project. Area wells for outdoor air intake and exhaust air, to the 

basement level, were used in lieu of wall louvers. The simplicity of the implemented equipment and 

systems also results in a more cost effective operational approach over the life of the building. 

Overall, the building energy cost savings is projected to be approximately 50%, as compared to the 

baseline model. 

Environmental Impact 

The building utilized recycled and low-carbon building materials, and significant water use reduction 

was achieved with the use of low flow fixtures. Significant reductions in electricity usage previously 

described, contributes to reduced environmental impact. No use of CFC or HFC based refrigerants. 

The chiller and split-system, serving the IT room, utilize non-ozone depleting refrigerant: R-410A. 

The building also intends to purchase Renewable Energy Certificates to offset 100% of its carbon 

footprint from energy for a minimum of 2 years. 
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