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Overview

 People cost more than buildings.

 What do we mean by asking "What's the 

effect on productivity?"

• Challenges to a simple answer

 Research can quantify how environmental 

conditions influence important 

organizational outcomes, to support 

planning, design, & policy decisions.
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The Cost of Work

Staff

82%
Equipment & Training 

10%

3%

Maintenance & Operations

5% 

Building & Furnishings

Source:  Brill, M., Weidemann, S., & BOSTI Associates.  (2001).  

Disproving myths about workplace design.  Jasper, IN:  Kimball 

International.

 People cost more than 

buildings by all estimates.
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Productivity as Efficiency

Costs

Products & 

Services
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Efficiency

 Inputs include:  

• Personnel costs: pay & benefits, 

recruitment, training

• Material

• Equipment and space

 Outputs:  

• Products and/or services
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Output Measurement

 Individual:

• Widgets manufactured

• Reports written 

• Performance appraisal 

• Simple cognitive task performance 
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Output Measurement

 Organizational:

• Sales revenue (products or services) 

• Public good 

• Project delivery

• Business volume

• Stakeholder perspective
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Input Measurement

 Across individuals

• Salaries

• Benefits

• Training

 Averages across units 

• Capital expenses

• Operation and maintenance

• Attraction and retention
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Input Measurement

 Across units 

• e.g., turnover costs:

• replacement labour (pay & benefits)

• team/department/unit effects

• management time / HR staff time

• value of lost knowledge, skills, contacts

• recruitment costs for replacement

• training costs for new employee
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Calculating Efficiency

 Can measure various inputs - but some 

you can’t

 Can measure various outputs - but some 

you can’t

 Incomplete information in varying units -

they don’t combine to one productivity 

value ($) 
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If not productivity, then what?

 Within an organization, there needs to be  

a measurement strategy in place

• Measure what’s important to the 

organization

• Consistent across units - allow data to be 

rolled up 

 Track the various measures over time

 Data for organizational performance 

tracking and for research use
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If not productivity, then what?

 Behavioural science tools can provide 

answers about environmental effects on 

outcomes important to organizations

 Ventilation rate effects on absenteeism

• Used existing data on sick leave

• Measured ventilation rates in employee 

areas

• Lower ventilation associated with more 

sick leave
Milton, D. K., Glencross, P. M., & Walters, M. D. (2000). Risk of sick leave 

associated with outdoor air supply rate, humidification, and occupant 

complaints. Indoor Air, 10(4), 212-221.
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If not productivity, then what?

 Across organizations:

• Job & environmental satisfaction are:

• General, consistent across time

• Linked to important organizational 

outcomes, for example:

– retention

– creativity

– conflict resolution

• Part of current HR practice in government
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If not productivity, then what?

 Job & environmental satisfaction -> 

organizational commitment -> intent to 

turn over
Carlopio, J. R. (1996). Construct validity of a physical work environment 

satisfaction questionnaire. Journal of Occupational Health Psychology, 

1(3), 330-344.

 Environmental satisfaction -> job 

satisfaction-> well-being 
Wells, M. M. (2000). Office clutter or meaningful personal displays  The role of office 

personalization in employee and organizational well-being. Journal of 

Environmental Psychology, 20(3), 239-255.
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The Answer

 A productive office environment is any set 

of conditions that supports the changing 

and sometimes conflicting needs of the 

people in the space.

 Support the people, and you support the 

organization.

 Co-operation between organization & 

researchers can identify supportive 

conditions and quantify the benefits.
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Abstract 
The typical office building averages 14% or their energy consumption from lighting and 

approximately 40% from HVAC, heating, ventilation and cooling.(1)  Studies conducted on 

controls for lighting and personal control have indicated that there is a potential increase in 

energy savings from 11% to 75%, depending upon the lighting design, combination of controls 

and controls strategies. (Galasiu,A. et. al., 2007)   There have been few studies that looked at 

occupancy control and sensors in the individual workstations tied to lighting and HVAC. In 2006 

Public Works & Government Services Canada, PWGSC, began a two part project; to install and 

evaluate the compatibility of three different building automation systems, BAS,  using BACNet 

protocols and evaluate the energy savings due to PEC and integrated occupancy control over 

both the lighting and HVAC, for each workstation 

As a Program for Energy Research and Development, PERD, project, the primary focus was on 

energy effectiveness of a fully integrated lighting and HVAC PEC system and other related 

controls, such as occupancy sensors and daylight sensors. The PEC system was installed in 19 

workstations at the Head Office of PWGSC, 11 Laurier St., Gatineau, Quebec.  

After 9 months it was determined that the BAS systems installed were not completely compatible 

and offered additional data reliability issues that inhibited the progress of the second part of the 

project. Two of the BAS products were removed and the DELTA remained as the only system.  

Energy data for lighting and HVAC was collected over a period of 3 months from January 1 

2008 to March 31, 2008. It was determined that the workstation specific lighting design saved 

approximately 45% of the energy for the floor. Personal control over lighting and HVAC 

reduced energy by approximately 10% and occupancy sensor control contributed to over 50% 

energy savings for lighting and a reduction  for HVAC, from the average of 880MJ/m
2 

(Morofsky et. al. 2003) to 677MJ/m
2
. 

This project determined that, the ability to integrate different BAS company products does not 

appear to be a reliable approach, as of yet, to address sole vendor, proprietary issues.  The project  

did determine that a workstation specific lighting design and  Personal Environmental Controls 

tied to occupancy and photosensors provide 10% to 76%  energy savings for lighting and up to 

75% energy savings for HVAC, over a standard system. 
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1. Introduction 
It is well known that lighting makes up approximately 14% of the total electricity demand of a 

commercial building, while HVAC is approximately 50%, (SDTC, 2007).  Over the last few years, 

with the increased cost of energy, the blackout in the eastern part of North America, August 14, 

2003 and the concern about the environment, there has been a growing demand for energy saving 

technologies in commercial buildings. In the past, it was felt that Personal Environmental 

Controls,PEC, were just too expensive at approximately $1,000.00 per workstation, (Busby et. 

al. 2003) and even today, it is typically considered a luxury, rather than an energy saving 

strategy. Occupancy sensors are also under utilized and most recommendations are for use in low 

occupancy areas, such as meeting rooms and storage rooms.  

Other issues related to building management and operating costs are the concerns regarding 

proprietary relationships developed with specific vendors because no other vendor products are 

compatible with their systems. This has been especially true for Building Automation Systems, 

BAS. The project objectives for the 8B1 PEC project were to evaluate the compatibility of 3 

different building automation controls systems, all using BACnet protocols and to determine the 

energy savings from the use of an integrated PEC system; including occupancy sensors and 

daylight harvesting.  

Personal Control is the ability of an individual to control either their ambient lighting or 

ventilation, in their office or workstation. Personal Environmental Controls, PEC, is defined as 

the ability to control both ambient lighting and ventilation from the desktop. Testing this type of 

system in a workplace environment and examining the ability of building control systems to 

integrate their operation, programming and data reliability, was a key issue for the PWGSC, PEC 

project. This project was part of a partnership between PWGSC and NRCan and funded by the 

Program for Energy Research & Development, PERD, managed by NRCan. As such, the focus 

of the project was on energy savings.  

This report describes the issues related to the compatibility of building controls systems, the site 

and technology description and operation and the results of the data collection on PEC and 

energy use.  

 

2. Site Description 
The space is located in Tower B of the Federal Government Building, Place du Portage, Phase 

III, PdPIII. The floor is occupied by Public Works and Government Service Canada, PWGSC, 

Real Property Branch, RPB,  Architectural Engineering Resources, AER. The demonstration 

area accommodates some Head Office functions such as the Innovations & Solutions 

Directorate, ISD, Centre of Expertise, COE, of applied building technologies research and 

development.  
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Figure 1.  8B1 Reflected Ceiling Plan 

 

The study was conducted in the  south east area of the floor, southern facade. The area is 

approximately 167.225 m
2 

 with a standard drop ceiling, at   8’ 2”. The area included 19 open 

office designed workstations, as well as corridors and a hallway. Each workstation measured 

approximately 3.1m x 2.5m. The workstations run parallel to the windows and each facing 

workstation shares a partition 1.5m in height with a partition mounted direct/indirect luminaire. 

The workstations are laid out in groupings of 2, 4 or 5 workstations that share a common corridor 

between the workstations. For the purposes of the project, each grouping was identified by as a 

separate sector.  See Figure 2. The partitions between the workstations, in each sector, are 

approximately 1.2 m in height, which provides for visual privacy when seated and still allows for 

daylight penetration to the interior workstations. The windows run the entire length of the facade 

and are approximately 1.8m in height. Both the east and west have an additional exposure width 

of 2m. 

 

 
Figure 2  Workstation  layout and Sector Identification 

 

 

3. Method 
The original intent of the project was to install three different BAS controls ; each using BACnet 

protocols and having capabilities to provide certain levels of personal control and evaluate their 

ability to integrate with each other. The team wanted to develop a set of protocols for program 

commands and collect data on the ease of use, reliability of the systems operation and trending 

and energy savings effectiveness of PEC, daylight harvesting and occupancy sensors at the 

workstation. For this study, each workstation was to have full environmental control, therefore 

control was provided for ventilation and ambient lighting. 
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3.1 System Description  

 

PEC HVAC 

 

The  areas ventilation system is a flexible duct that is connected to the base building’s HVAC 

system. The high pressure ducts deliver up to 6” static pressure from pressure reducing valves. 

These valves reduce air supply in a staged manner. At the other end of the ducts, located in the 

ceiling at each workstation is an adjustable air jet nozzle. These air nozzles can be relocated and 

adjusted to allow individuals the ability to direct the air flow where they want it. 

 

The PEC HVAC was also connected to an occupancy sensor that reduced airflow pressure to a 

workstation when it was unoccupied. The base building mechanical system was programmed to 

turn on at 6:00AM and turn off at 6:00 PM. 

  
Figure 3.  Ceiling Air Jet  

Located in each workstation is a room temperature sensor that provides information to a damper, 

located in the ceiling. The damper actuator adjusts the air flow in response to temperature 

changes and requirements of the user.  

PEC LIGHTING 

The lighting system is a workstation specific design using partition mounted and suspended 

direct/indirect Axis Wingbat, 4 lamp luminaires with dimming Lutron ballasts. The lamps are all 

T8 32 watt 3000K tri-phosphor lamps. 

The suspended luminiares are located in corridor and hallway areas. The luminaires located on 

the perimeter, close to windows are connected to a daylight sensor to allow daylight harvesting.  

The partition mounted luminaires have been rewired to allow front/back control rather than left 

right control. This allows for each side of a luminaire to be controlled by the individual at each 

workstation.  

The lighting was programmed to turn on at 6:30 A.M. and off at 6:00 P.M. to meet occupant 

requirements. In case of a system failure, the system was programmed to default to an on 

position and manual control would continue at the partition mounted control device. 
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SENSORS 

Each workstation is equipped with a combined occupancy and photocell 

sensor. The occupancy portion of the sensor is connected to both the 

lighting and the ventilation. When the workstation is unoccupied for 

more than 20 minutes the lighting dims to 20% output and the ventilation 

is reduced to minimum air flow. When someone walks into the 

workstation the lighting and ventilation return to the settings that had 

previously been set by the occupant.       Figure 4 Combined  

          Occupancy and Photosensor 

 The occupancy sensors continue to sense motion after hours so that anyone that enters the area 

will have light. This includes activation of the corridor lighting in each section. The daylight 

sensors are calibrated, from illuminance measurements at the desk top. This allows for the 

system to make adjustments to light levels depending upon the amount of daylight.  Daylight 

harvesting is primarily for the perimeter workstations but, due to the, within 15 feet, proximity of 

all of the workstations to the windows, there is the potential of some daylight on the desks of the 

interior workstations. 

  

PERSONAL CONTROL 

Located on the short partition, in each workstation, is a small control pad that allows individuals 

to see the illuminance and temperature in the workstation and adjust it 

manually. There is also control from a web based icon on each computer 

monitor. These icons are programmed to open when the workstation 

computer is started. These icons show the current % of illuminance and 

temperature as well as the outside temperature. 

 Figure 5 & 6 manual control touch pad and web based control icon 

These controls also have the capability of overriding any programming of the lighting system 

and dimming from daylight harvesting. This allows all individuals to create a workstation 

environment to meet their own needs. 
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3.2 Monitoring 

All 19 workstations were monitored over a year period. It was found that some of the data was 

unreliable due to issues with the interoperability of the three control systems. In the fall of 2007, 

two of the control systems were removed due to problems with compatibility and inability to 

ensure stability of the programming set points and timing. In October 2007 Delta was installed as 

the only controls system and data reliability was verified by the technical team. 
 

 

Located in sections, A & B are two monitoring stations. These stations monitor room 

temperature at 4 levels, 6 inches from floor, 36 inches from floor average seated height, 64 

inches, average head height when standing, 84 inches from floor, where ceiling is 8’ 2”. They 

also monitored humidity, mounted at 54 inches. There was one CO
2
 sensor position to measure 

only the air from that specific section. 
Structure also includes 1 humidity sensor.  

 

Trending 

 

Trending was conducted on the following points and activities, 

for each workstation;  

 Light level/percent level set-point  

 Photocell output level (%) 

 Occupancy sensor status  (occupied/unoccupied) 

 Lamps minimum dimming level set-point   

 Lamps maximum dimming level set-point 

 Temperature at the main air valve 

 Temperatures sensed at each work station 

 User set point changes  

 
 

Figure 8. Typical Workstation Lighting 

 

 

Data loggers were attached to measure lighting load at each workstation.  

 

 

 

 

 



9 | P a g e  
 

3.3  Data Collection 

Data was collected and stored on a Delta Historian in SQL. Each point was programmed to 

collect data at 5 minute intervals. This was to provide a refinement of the information to 

determine changes in air flow and light level due to occupant use, daylight harvesting, 

temperature adjustments, to maintain user preferred level and predetermined schedule 

changes. 

 

Energy data was collected per workstation, interior workstations verses perimeter 

workstations, per section and entire area. This allowed for between group and within group 

comparisons. Data was looked at comparing energy use between interior and perimeter 

workstations for temperature and daylight harvesting. The team also looked at energy use for 

lighting and HVAC for specific bright sun days and overcast days. These days were chosen 

due to the location of the workstations on the south facing facade of the building, therefore 

with the maximum exposure to sun and solar heat gain. 

 

The energy data was separated between the lighting and ventilation so that it could be 

determined, how much energy is used by both systems if user control and occupancy sensors 

are installed.  

 

Trending data for the months of January 1st to March 31
st
, 2008 was used. This allowed for 

the transition from winter sun angle and daylight hours to spring sun angle and daylight 

hours. 

 

The team also looked at the energy impact and cost comparison of a standard office lighting 

grid design verses the workstation specific lighting design. The entire floor was changed to a 

workstation specific lighting design so calculations were done for the entire 8
th

 floor. 

 

4. Results & Discussion 

 

Workstation Specific Lighting Design 

One of the first things that was evaluated, was the impact on energy of the workstation specific 

lighting design. The entire floor lighting had been re-design, during an earlier project and 

therefore the analysis was conducted for the entire floor.  

The original lighting system was a standard recessed troffer grid design. This floor had 605 

recessed luminaires with 605 32 watt standard non dimming electronic ballasts and 2 32 watt T8 

lamps, totalling 1210 32 watt lamps. The new lighting system was not connected to the base 

building lighting control system so the emergency lighting, for the floor, is still from some of the 

original recessed troffers, as are some of the enclosed offices, Director General’s office area and 

the library stacks for the Document Centre. All of these recessed luminaires were factored into 

the final count. 
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The workstation specific lighting design and emergency lighting total 158 2 lamp luminaires, 

totalling 316, 32 watt lamps. A reduction of 894 lamps and 447 ballasts.   

The total average watts, for the standard lighting design is 38,720 watts while the workstation 

specific design totals an average of 9,984 watts. The same floor area, the same number of 

workstations per floor and an energy reduction,  due to  luminaire reduction alone, of 28,736 

watts. This does not include controls, dimming, daylight harvesting or occupancy sensors. These 

findings coincide with other research that has determined a 42% energy savings from 

workstation specific lighting application. (Galasiu et.al. 2007)  

 

The annual operating costs were also calculated. This is a calculation of; 

Annual Cost = Total Ballast Watts x Operating hours x $kWh 

   1000 

 

Again, depending upon the region, cost of power, not including the costs of peak power demands 

and fluctuations, the standard grid of 605 luminaires would cost approximately $22,259.16 

annually. The application specific design would cost $5,813.13; an annual savings of $16,446.03. 

This is based on an average $0.10 kWh cost and does not include contractual demand rate 

changes or peak power demand costs. 

 

Energy Savings Lighting 

The voltage for lighting, in the area, averaged  115 volts. This is well within normal operating 

perimeters and was used for the calculation conversion from Amps to Watts. As seen in Figure 9, 

the average energy consumption per section, over the test period was 2 amps. This is an average 

of .6 watts per sq. ft.  This also included the corridor lighting that only used daylight harvesting 

on the perimeter and occupancy sensor, after hours to turn lights on and off.  

 

 

Figure 9.  Trending of Average Voltage 
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When we look at each workstation over a two month period and compared the perimeter 

workstations to the interior, the interior workstations averaged approximately 0.25 amps to the 

perimeters 0.2 amps. This is not a significant difference, in regard to daylight harvesting but it 

was concluded that because both workstations are within 20 feet from the window, with low to 

no partitions, both were experiencing a certain amount of benefit from daylight. Further analysis 

will have to be done to determine the exact contribution. 

 

  

 Interior and Perimeter Workstation  

 

 

 

 

   Figure 10.  Average consumption of all workstations  

 

Occupancy Lighting 

When we looked at energy savings due to occupancy sensors, two workstations that have been 

occupied periodically and have not used personal control were evaluated. The amp trending data  

indicated an energy savings due to the connection of the occupancy sensor to the lighting and the 

HVAC.  

When we look at Figure 11 and 12, we can see that the average energy consumption over a week 

was 3.2 watts m
2 

 for the interior workstation occupancy and daylight controlled and 2.2 watts m
2
 

for a similarly under occupied perimeter workstation.  This is a significant savings if we look at 

ASHRAE or LEED recommendations for Lighting Power Density of 10 to 15 watts m
2
 for a 

typical office building. Trending of occupancy also indicated that the workstations were 

occupied an average of 50% of the time, therefore light levels and air flow reduced to minimum, 

while the workstation was unoccupied. 
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Figure 11.  Interior Workstation    Figure 12  Perimeter Workstation 

Average  .227 amps or 3.2 watt m
2
   Average  .157 amps or  2.2 watts m

2
 

 

When personal control was reviewed, the data did not show any significant changes in energy 

data. What it did illustrate was that people use their control over lighting to set a limit and 

typically leave it at that level. The average illuminance level on the workstation desk was 

approximately 250 lux. This is below the recommended illuminance levels of 350 to 500 lux. It 

is believed that size of windows and south facade may have been a factor. 

Workstations were then compared for  bright sun days and  overcast days, to determine the 

impact of daylight harvesting. Two workstations one the perimeter and one interior were 

evaluated for February 28 and March 18
th

 , bright sun days and March 7
th

 and March 19
th

, 2008, 

overcast days. 

Workstation # February 28 March 7  March 18  March 19 

79 3.65 Wm
2
 3.57 Wm

2
 4.10 Wm

2 
4.10 Wm

2
 

92 2.78 Wm
2
 2.58 Wm

2
 6.21 Wm

2
 2.57 Wm

2
 

 

The average illuminance level for workstation 79 was 300 lux and the average illuminance for 

workstation 92 was an average of 160 lux.  

The sectors were compared for energy over a two week period.  The average consumption for 

lighting over this period was 1.84 amps or 211.6 watts. This averages over the area to be 

1.26Wm
2
, well below the ASHRAE 90.1 2004 standard or LEED recommended targets. 
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0 0.5 1 1.5 2 2.5

Sector A

Sector B

Sector C

Sector D

Sector E

February 27 to March 12, 2008

Amps

 

 

HVAC 

The air nozzle system was evaluated for energy consumption, based on Air Flow, Supply Air 

temperature and room temperature. It was decided to report the energy findings in 

MegaJoule/m
2
, MJ/m

2
, this conforms with recommended measurements for small and large 

office buildings. (Morofsky et. al. 2003) For this project large building standard measures of 

880MJ/m
2
 were used as a benchmark for energy savings. Although the area studied is only 

167.225m
2
 of one floor, this is a multi story building complex, larger than 24300 m

2
, with the 

same HVAC measurement criteria regarding window type, floor, ceiling and walls, solar gain 

etc. The HVAC system was also evaluated for occupied and unoccupied states, similar to the 

lighting system. Trending was also conducted on room temperature, air flow, CO2 and humidity, 

to ensure that it remained within the ASHRAE standard parameters. See Figure 14. 
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Figure 14  Typical Workstation rending for HVAC 

 

The HVAC energy data was collected and analysed for a three month period; from January 2 to 

March 20, 2008. This was to allow analysis over the changing conditions of the winter to spring. 

As with the lighting, the HVAC was evaluated for the entire area, sector averages and occupancy 

and personal control.  

When the total area was reviewed, the HVAC energy consumption over the 5 sectors averaged 

677.64MJ/m
2
. 

 

 

It should also be understood that Sector E is the smallest sector, with 2 workstations and Sector 

A is the largest with 5 workstations, with Sector B having the most constant occupancy. 

The average for the 19 workstations was 590.94 Watts, over the three month period. When 

occupied workstations and unoccupied workstations were reviewed, it was found that the 

workstations that had no occupants averaged 154.52MJ/m
2
 and the workstations that had 

occupants averaged 254.12MJ/m
2
. As with lighting, these numbers are well below 

recommendations or standards. 
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5. Conclusion 
Before the energy savings from the controls strategy is discussed, it should be pointed out that 

the average workstation LPD was approximately 3.5Wm
2 
. This includes the corridor lighting 

between workstations. It was determined  that the workstation specific lighting design is a 

significant contributor to energy savings, without any control. This type of lighting design has 

been promoted by lighting designers for many years as part of an integrated design approach that 

ensures the right amount of light where it is needed and not wasted, where it is not required. This 

is not to suggest that project teams should begin designing lighting systems to below what the 

recommendations are for commercial buildings. There are other factors that this research study 

did not look at, like visual requirements for an aging population, satisfaction or light and health 

issues related to serotonin, melatonin or the pineal gland. (Veitch et. al. 2007 CIE) 

When we factor in the impact of occupancy sensors and daylight harvesting, we see a significant 

additional energy savings that reduces the LPD to an average of 2.7 watts m
2 

. This is one of the 

reasons that individual control is an important energy savings strategy. It does not predetermine 

the comfort requirements of individuals nor does it restrict lighting requirements by design or 

technology. What this study indicated is that it needs to be tied to a well thought out workstation 

specific lighting design to maximize energy savings. 

Although, all of the workstations had below recommended illuminance levels, it appears that the 

large windows and proximity of all workstations to windows, provided a perception of general 

brightness. Further research would need to be conducted to prove this theory. 

The other issue that was considered was first costs. This has typically been the bottom line when 

considering a new lighting or HVAC system, in relation to budget. The original recessed troffers 

are the standard workhorse of office lighting and the cost, installed is approximately $150.00 per 

fixture, depending upon region etc. The cost of the new direct/indirect system typically averages 

$100.00 per linear foot, so approx. $400.00 for a 4 foot luminiare. The cost of the existing 

troffers was $90,750.00 while the workstation specific lighting design was approximately 

$59,376.00; a savings of $31,374.00. 

The HVAC system utilizing control over personal air nozzles indicated a similar energy 

reduction due to occupancy sensors at approximately 35%. What was also interesting to note is 

that, although first costs were not considered during this project, other projects looking at the 

cost of a standard VAV box control system and a personal air nozzle ventilation system. The 

study indicated that the standard VAV would cost $939,500 and the air nozzle system would cost 

$896,900. (Chin et. al. 2001). 

The energy savings for personal control over ventilation, indicated approximately 10% energy 

savings over a standard HVAC system, but additional research and analysis needs to be done to 

determine the ancillary benefits of performance and focus. Other studies have indicated 
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increased cognitive performance due to increased thermal comfort but not control. This 

percentage is similar to those found for lighting and that the greatest energy savings appeared to 

be due to the connection to occupancy sensors. There was over 70% energy savings compared to  

a standard HVAC system. Addition analysis may indicate more savings due to the reduction of 

heat load from the lighting, this should be undertaken in future projects.  

Another potential savings for building operation and maintenance may come from the reduction 

of energy consumption for non-occupied workstations. There are typically a large number of 

people away from their offices during vacations, primarily at the height of the summer. The 

reduction of cooling load or lighting load, over extended periods of time, would also increase 

energy savings. This too requires further study. 

It is also suggested that further study be conducted on the Personal Environmental Control 

system for lighting and HVAC in regard to Demand Response and to comfort, satisfaction and 

performance. Long term O&M should also be studied to determine any waste management 

implications and operating costs beyond energy. 
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