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There is approximately 50 billion square feet of commercial 
space already in need of renovation1, and according to the 
non-profit organization Architecture 2030, 75% to 85% of 

the buildings that will exist in urban areas in 2030 already 
exist today2. With the projected building market consisting 
of 45% green construction3, there will most likely be a rise 
in the need for more efficient HVAC systems retrofitted to 
these existing structures.

Why RetRofit?
One of the most common reasons for retrofitting a building 
is a change in the space use. For example, increased 
equipment in laboratory and healthcare facilities or a 
conversion to an open plan office may have an effect on 
space loads and ventilation rates.

Changes in building codes are also a major driver for 
retrofits. As building codes have evolved, more focus 
has been placed on improving the energy efficiency of 
the existing building stock4. Retrofit projects, such as 
Ogden High School shown in Figure 1, typically work 
with the original structure, which was designed to meet 
the requirements of its day. This presents challenges and 

RetRofits with Active And PAssive BeAms

figure 1 – ogden high school, Utah – The low profile and high capacity of Price Active Beams makes them a good option for retrofit projects
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figure 2 – Average price and use of electricity from 1990 to 2012
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opportunities to improve the performance of the building 
as part of a major renovation.

Whether code requires it or not, there is a trend towards 
designing high performance systems due to the steady 
increase in the price of electricity over the past two 
decades5 (Figure 2), as well as the recognized link between 
indoor environmental quality and productivity6,7.

The Center for the Built Environment (CBE) found that 
building occupants describe standard HVAC systems 
(provided at move-in) as inadequate to meet functional 
requirements. Specific complaints included the inability 
of the system to handle occupant and equipment loads, 
space conversion requirements, and poor occupant 
comfort8. Indoor environmental quality (IEQ) plays an 
important role in occupant comfort and productivity. 
Several studies have shown that a well designed HVAC 
system that meets the thermal comfort requirements 
of the occupant can lead to increased productivity and 
decreased absenteeism9,10,11.

Owners want to spend less on operational expense, as 
well as leverage the recognition and benefits of building 
“green” to attract employees. In addition to these savings, 
tax credits are also available for buildings that can 
demonstrate potential gains in energy efficiency12. Studies 
have also shown the economic cost-benefit of upgrading 
systems and the potential for reduced time in payback 
when comparing worker salaries and benefits to the cost 
and operation of the HVAC system13.

Several technologies exist that can help improve IEQ and 
reduce energy use. Improved air quality can result from 
source control, air cleaning, increasing ventilation efficiency, 
and using outdoor air “economizers”. Other strategies 
can be used to mitigate the energy impact of conditioning 
ventilation air, such as energy recovery, demand controlled 
ventilation, dynamic reset, or by dehumidifying and 
conditioning the outside air at the zone level with a fan 
terminal unit like the Price FDCOA. Upgrading the HVAC 
system to a current and reliable technology can lead 
to better control, lower airflows, and increased thermal 
comfort for tenants. 

ACtiVe BeAMS
In an active beam, ventilation air is supplied to an integral 
plenum and then passes through nozzles at a relatively 
high velocity, which draws room (secondary) air through 
the coil where it is cooled or heated, mixed with the 

primary air, and discharged into the room (Figure 3). 
Through induction of room air, an active beam system 
diverts the majority of the sensible load to the chilled water 
system. Since water is more efficient at transporting heat, 
chilled beam systems are able to achieve higher capacities 
at the same airflow as all-air systems. A measure of this 
performance is known as the transfer effectiveness, or Btu/
hcfm14. HVAC systems with a high transfer effectiveness 
tend to be more energy efficient and have superior IEQ 
(i.e. reduced draft and noise levels) when compared to 
traditional systems15,16,17. The reduction in supply air, and 
thereby fan energy15,16, becomes obvious when comparing 
a typical all-air system transfer effectiveness of ~20 Btu/
hcfm to that of an active beam system, which is typically 
~75 Btu/hcfm.

Along with the increase in energy efficiency, active beams 
have other major benefits:

•	 Reduced Maintenance – chilled water supply 
temperatures are maintained above dew point, which 
means the coils do not condense. This eliminates the 
need for pre-filtering or condensation collection. Due 
to the fin spacing and elevated water temperatures, 
dust does not collect as frequently and typically 
requires an inspection and vacuuming of the coil every 
1-3 years.

•	 Smaller Mechanical footprint – because supply 
air is reduced to only what is required for ventilation 
and dehumidification, ductwork and AHU size can 
be reduced. In retrofits, there’s also a gain in system 
capacity when using existing infrastructure.

•	 20+ year Lifespan – Active beams also have a longer 
product lifespan, which means spending less on 
replacements throughout the life of the building.

DeSiGN CoNSiDeRAtioNS
In existing buildings, floor-to-floor height is fixed, requiring 
any planned modifications to fit within existing plenum 

figure 3 – Active beam operation
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space. The volume of space is often under pressure as 
designers optimize the ceiling height or type as a part of 
the renovation.

In many cases, the existing mechanical infrastructure, such 
as ductwork and piping, is re-used. This could be because 
of a budget constraints, construction schedule, or a 
phased renovation. For these reasons, the updated HVAC 
system would need to integrate with similar (or lower) 
airflow and static pressure as the legacy system. In cases 
where the distribution system may be reduced, risers and 
main ducts can be reduced in size to give more useable 
floor space.

In historical renovations, humidity control is a primary 
concern when utilizing the non-condensing chilled water 
coils used in chilled beams. Attention must be given 
to ensure that infiltration is accounted for. This is often 
accomplished by creating a tight façade in order to 
reduce the risk of infiltration. Active and passive beams 
may not be suitable in areas with high humidity loads, 
such as locker rooms or entry ways. In these spaces, a 
displacement ventilation system with a Price Intelligent 
Controller may be used to manage humidity levels 
effectively.

As a part of any renovation, consideration should be given 
to the control system. There is often an opportunity to 
upgrade the controls from pneumatic or electric controls to 
a DDC system. The advantages of using modern controls 
are well known, though it is worth pointing out that the use 
of certain control sequences, such as those employing 
variable air volume (VAV) or demand controlled ventilation 
(DCV), can further optimize or improve the energy savings 
realized with the beam system.

SuitABiLity
Chilled beam systems have the flexibility to be integrated 
into the existing infrastructure. When ceiling height is 
increased during renovations, plenum space is often 
reduced or removed completely, requiring the new product 
to fit within a smaller space than the element that was 
there previously. 

Such was the case for 130 Bishop Allen Drive in 
Cambridge, MA, where the design team was tasked with 
incorporating the existing air handling unit into the design 
while still accounting for the increase in space loads. This 
multi-use office building presented an interesting challenge 

to the team, as each floor was designed for a specific 
tenant and application. The existing ceiling grids on all the 
floors were removed to maximize the usable space and 
create a more open environment.

Through an iterative process of reviewing the loads in 
the space and minimum ventilation requirements, a 
combination of active and passive beams and chilled 

figure 4 – Duct size comparison between an active beam and all-
air system

figure 5 – Coanda wings and slimline coupling at 130 Bishop Allen
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sails was determined to be the most efficient approach. 
The system had the ability to run at minimum ventilation 
with very high induction ratios, thus improving transfer 
effectiveness to 149 BTUh/cfm.

The design of Price Active and Passive Beams allows for 
the products to be coupled together to create a seamless 
look, and helped reduce installation costs through the use 
of common plenums. Coanda wings were used to maintain 
air pattern out of the beams in the exposed ceiling 
application. Both of these options are shown in Figure 5.

The renovation of the pharmacy and patient wing at The 
Memorial Hospital and Health Care Center (MHHCC) in 
Jasper, Indiana is a great example of using active beams 
to improve the performance of a mechanical system while 
utilizing the existing distribution infrastructure. Memorial 
Hospital, opened in 1951, was looking to renovate these 
areas in order to create a safe, comfortable environment 
while reducing energy consumption and operating 
costs. The design team was faced with the challenge of 
renovating the pharmacy, which was served by an all-
air system, and patient wings, which relied on perimeter 
fan coil units for heating and cooling. Specific challenges 
included extremely low floor-to-floor heights, restricted 

SeCuRity ACtiVe BeAM 

figure 7 – Active beam installed in Memorial Hospital pharmacy

figure 6 – Security active beam installed in patient room

In the psychiatric wing, a Price security chilled 
beam was chosen for its heavy gauge security face 
and staggered perforation pattern, which prevents 
access to the ductwork and internals, while still 
facilitating energy savings and occupant thermal 
comfort. 
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plenum space, increased loads, and renovating while the 
building was still occupied. Another unique challenge was 
the security requirements of the psychiatric patient wing. 
The goal was to create a safe, comfortable environment 
while reducing energy consumption and operating costs.

After careful consideration, the design team concluded that 
Price Active Beams were the ideal solution for the project. 
The beam system combined with a Dedicated Outdoor Air 
System (DOAS) allowed the engineer to reduce the size 
of the air handler that would typically be used to service 
the space. The smaller piping in active beam systems 
also addressed the structural restrictions by eliminating 
the need for large ductwork. The volume of primary air 
supplied to the different areas was reduced by 30% to 
60% when compared to a conventional overhead mixed air 
system. This resulted in a significant reduction in operating 
costs. Because room air was not being recirculated 
as in traditional systems, the active beam system was 
considered useful in reducing  the risk of airborne infection 
through room cross contamination. With this installation, 
Memorial Hospital became one of the first hospitals in the 
United States to employ active beams in patient rooms.

LeGACy iNDuCtioN uNitS
A simple and effective way to improve building 
performance is to upgrade existing induction units. The 
induction units that were popular during the 60s and 70s 
are installed in large quantities in nearly every building type. 
These units can often be large, noisy, and less effective 
at meeting occupant comfort. Although they share a 
fundamental operating principle with active beams – using 
nozzles to induce air over a water coil – the modern 
embodiment is a more optimized and efficient design. The 
use of active beams in place of induction units may offer 
significant operational efficiency, thermal comfort, and 
reduced noise.

The advancement of the induction technology used in 
active chilled beams has led to a significant reduction in 
static pressure due to the method of induction. When 
looking at a typical induction unit system, the same load 
and ventilation requirements can typically be met at a 
much lower static pressure (see Figure 9).

This reduction in static pressure can often lead to an 
optimization of the air handler systems, reducing energy 
consumption. The reduction of static pressure also helps in 
the reduction of noise in the occupied space.

Two approaches can be used when replacing legacy 
induction units:

1. Direct replacement (new product integration in existing 
space)

2. Product reconfiguration (changing induction unit from 
floor to ceiling installation)

A direct replacement can be done with the Price ACBV. 
This active beam can be designed to occupy the same 
footprint as the legacy induction units. The ACBV can also 
be supplied with a casing to match the style of the original, 
use the old casing in some instances, or be reduced in size 
to free up valuable floor space. Furthermore, the unit can 
be customized to match the location of the original air and 
water connection in order to reduce field labor, allowing a 
quick swap by the maintenance personnel or mechanical 
contractor.

When replacing legacy induction units, the Price ACBV 
can be selected to function with the existing mechanical 
system (no change in chilled water temperature or airflow). 

figure 8 – Legacy induction unit
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The main benefit is a drastic reduction in static pressure 
(see Table 1). Alternatively, the designer can leverage the 
improved efficiency to select the beam to operate at non-
condensing temperatures, which can maximize the use of 
wet side economizers, or central loops. Since an increase 
in chilled water temperature will also lead to a decrease in 
performance, changes in the design parameters may be 
required to maintain the same output.

As shown in Table 1, an increase of 12 inches to the unit’s 
nominal length is typically sufficient to meet the original 
capacity without increasing the air volume supplied to the 
beam. 

Induction units can also be completely replaced by a 
more traditional ceiling mounted active chilled beam. For 
example, the Price ACBL-HE or ACBM can be used when 
a complete retrofit of the space is done. In addition to a 
significant improvement in the building’s energy efficiency, 
this change can free a significant portion of the floor space, 
which means more rentable square footage, as well as 
modernizing the look of the building.

In both cases, Price Active Beams have been designed 
with maintenance in mind, with features such as:

•	 Easily accessible coil and air pressure port

•	 Optional lint screen

•	 Optional stainless steel drain pan

The Fraunhofer Building Technology Showcase in Boston, 
MA is one instance of a heritage building being retrofitted 
and modernized to meet today’s codes. The design team 
faced many stringent requirements associated with the 
preservation of heritage buildings. Infiltration is common 
in heritage buildings due to the outdated façade22. This 
was a primary concern when evaluating the types of 
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Price ACBV 50 48 75 0.68 1.4 6.7

Price ACBV 57 60 75 0.92 2 6.7

table 1 – Scenarios for replacement with Price ACBV

figure 9 – Static pressure comparison

figure 10 – ACBV Unit
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systems that would be used within the building, especially 
when considering hydronic systems. Fraunhofer wanted 
to utilize cutting edge technology in a variety of space 
types throughout the building. These spaces had varying 
ranges of occupancy and provided a number of unique 
challenges.

The design and contracting team took steps to ensure 
that the building envelope was sealed22, along with water 
temperature control through mixing stations on each floor. 
In the lobby, a high capacity convection unit was integrated 
into the façade to address the higher solar load. This 
product allowed the architect to maintain the historical 
aesthetic and hide it as part of the window mullion, as 
seen in Figure 12. A conference room on the third floor 
presented additional challenges: the ceiling could not 
have HVAC equipment installed in it, and the room also 

had a strict noise requirement. A floor mounted hybrid 
displacement/active beam (ACBC) installed along the 
perimeter was the best solution for this space. Returns 
were integrated into the active beams in the areas that 
allowed ceiling installation in order to reduce the number of 
elements and maximize the use of plenum space.

SuMMARy
As building codes continue to become more stringent, it 
will become increasingly important for HVAC replacements 
to reduce energy use. Extensive research has already 
shown that chilled beams are a viable alternative to 
the older, less efficient systems. Active beams offer the 
same or better capacity at lower static pressures and 
noise levels, and can reduce equipment size while being 
integrated to match the look, or a custom look, of the 
existing infrastructure.

figure 11 – Fraunhofer lobby

figure 12 – Façade convection unit
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By tom Peeples– Director, Program Management,   
Air Moving Products

Price Industries announces electrically commutated, 
brushless DC motors (ECM) for veritcal fan coils as an 
option to PSC (Permanent Split Capacitor). 

ECMs are available in voltages from 120 – 277V and 
can be programmed for control with either three discrete 
24V speeds or a 0-10V analog input for full variable 
airflow. The ECM features increased efficiency (70-78%) 
compared to a standard PSC motor (12%-45%), and will 
adjust speed and torque automatically to maintain design 
air volumes, regardless of external static pressure. 

This offering is designed to directly compete with 
competitors such as IEC`s Eco-Intelligent motors.

PRoDuCt feAtuReS

•	 Increased energy efficiency (78% vs. 45%)

•	 Longer life due to lower operating temperature

•	 Higher static and airflow capabilities

•	 Increased turndown and lower noise

•	 Lower power consumption and better relative humidity 
control when automatically controlled to reduce fan 
speed at part load conditions

•	 Single or double extended shaft designs for vertical 
and horizontal fan coil application. 

•	 Microprocessor based controller

•	 Remote speed control with BAS input

•	 Options for VAV Operation
Watts vs. CFM

PRodUct feAtURe: 
PRice veRticAl fAn coils feAtURe 78% efficient motoRs

ContaCt your PriCe rePresentative early 
in your ProjeCt design for best results. 

low flow seleCtions are available in the 
PriCe all-in-one software. 

faCtory engineers are available to 
assist with sPeCial seleCtions. 

ContaCt fANCoiLS@PRiCe-hVAC.CoM
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By Jerry sipes, Ph.d., P.e. – Vice President of Engineering

Increased focus on sustainability and the environmental 
impact of energy use has resulted in natural ventilation 
becoming an attractive option for many buildings. 
Historically, prior to the development of forced air 
conditioning, buildings used natural ventilation to provide 
fresh air and maintain thermal comfort. Design of 
traditional natural ventilation strategies relies on the wind 
and buoyancy-driven stack effect to move ventilation 
air through the building. The energy consumption of a 
naturally ventilated building can be less than half that of 
a fully air-conditioned, mechanically ventilated one, while 
maintaining an acceptable level of occupant comfort. 
Figure 1 shows the energy consumption of the San 
Francisco Federal Building, which utilizes natural ventilation 
around 75% of the year.

With careful attention early in the design, a natural or 
hybrid ventilation system can be a viable option for many 
systems and climates. As our energy codes evolve, 
more consideration of hybrid solutions will be necessary 
to obtain the higher levels of energy savings. Natural 
ventilation combined with radiant heating and cooling 
can be a very energy efficient solution with a high level of 
occupant satisfaction.

ASHRAE Research Project 884 demonstrated that 
occupants in naturally ventilated spaces tend to be 
comfortable even when conditions vary from what is 
classically considered comfortable. This expanded comfort 
range can be attributed to the occupants having control 
over their local environment and the expectation that when 
it is warmer outside, it will be warmer inside.

tech tiP: RAising the BAR on eneRgy efficiency And 
occUPAnt theRmAl comfoRt

figure 1: Annual energy consumption comparison for the San Francisco Federal Building. (Source: Natural Ventilation in High Rise Office 
Buildings, Salib and Wood. 2013)
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Figure 1: Annual energy consumption comparison for the San Francisco Federal Building. (Source: Natural Ventilation in High Rise Office 
Buildings, Salib and Wood. 2013) 
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ASHRAE Standard 55 includes a method of determining 
thermal comfort in naturally ventilated spaces based on 
adaptive thermal comfort. This method allows for a wider 
range of acceptability limits where occupants can open or 
close windows and vary closing in response to the indoor 
and outdoor conditions.

Evaluating the suitability of a location for natural ventilation 
involves examining the number of hours the exterior air 
temperature is between 50°F and 78°F. This is the range 
where a natural ventilation system provides the largest 
benefit. Examining the extremes beyond this range 
determines whether a natural ventilation strategy makes 
sense, or if a hybrid system is required. It should be noted 
that for the ambient temperature range of 35°F to 50°F 
some form of auxiliary heat, such as radiant, will most likely 
be required. Looking at energy balance analyses of typical 
spaces shows that there is often enough heat generated 
in the space that could be used to warm entering ambient 
air at temperatures as low as 45°F. For the ambient 
temperature range of 78°F to 90°F some form of auxiliary 
cooling, such as radiant, may be required. Figure 2 above 
shows the opportunity for natural ventilation in various 
climates.

Every building has thermal mass, which is either designed 
explicitly into the structure in the form of exposed 
concrete, or just through the normal building materials and 
finishes. This mass can be leveraged in warm seasons to 
offset the total cooling load through night cooling. Cooler 
night air can be used to reject heat accumulated during the 
peak loads of occupied hours. On warm days, as internal 
temperatures rise, the building material absorbs heat, 
reducing further rises in the internal temperatures. The heat 
is then purged with lower temperature night air from the 
building material when the space is not occupied. The use 
of thermal mass within a building can provide significant 
benefits in terms of both thermal comfort and energy use. 
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figure 2: Hybrid natural ventilation opportunity for multiple climates

if you are interested in learning More 
about our natural ventilation teChnology, 
ContaCt our stratified teaM today at 
NAtuRALVeNtiLAtioN@PRiCe-hVAC.CoM


