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Personal Environmental Controls
INTRODUCTION
There are two aspects of this report that illustrate the impact lighting control can have on
organizational productivity, energy savings and, in turn, the ROI. Lighting and controls research
over the past few years has confirmed very significant energy savings through lighting controls
strategies as well as increased environmental and job satisfaction. These two aspects relate to a
substantial impact on ROI and longer term organizational productivity of the client organization.
The following report first provides some of the finding of the light controls research in Canada
by the National Research Council, B.C. Hydro and PWGSC and K. Pero. The importance of
these separate studies is that they confirm each others energy savings using two different
research groups, buildings and types of services. This means that the results can be extrapolated
for any office and organization.
The second facet is Organizational Productivity. This section explains what organizational
productivity is and why individual environmental satisfaction plays an important role.
For example, a study by Carlopio and colleagues validated the belief that satisfied employees are
more committed to their organization and less likely to leave. A review by Podsakoff and
colleagues concluded that satisfied and committed workers are more likely to put in extra effort
at work, such as volunteering overtime or helping colleagues. In a study of almost 200,000
employees from 8,000 business units, Harter and colleagues found that those business units with
higher average job satisfaction had lower staff turnover, higher customer satisfaction, and better
business unit performance. Reducing staff turnover is a particularly important objective for
organizations because it is estimated to cost up to twice a leaving employee’s salary to find and
train a replacement.
In regard to EDC, the only things that can be provided in this report are calculations for Return
On Investment, pertaining to energy savings through lighting application and controls strategies.
EDC would need to conduct a research study on their organization to determine the productivity
impacts. This study would need to gather data for their current office environment and then after
moving into their new location.
If there are any questions regarding this report, please contract Karen Pero or Nocom for more
information.
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RESEARCH
“Lighting practice based on the principles of maximizing visual performance and avoiding visual
discomfort has ensured that it is rare today to find offices lit in such a way that either visual
performance is limited or visual discomfort occurs. However, offices that are perceived to be
gloomy and uninteresting remain common, a fact that has been the impetus behind the
burgeoning field of lighting quality. One thing agreed-upon concerning lighting quality is that a
high quality lighting installation needs to consider not just the visibility of the tasks but the
appearance of the space.” (Veitch & Boyce 2008)
The typical office building averages 14% or their energy consumption from lighting and
approximately 40% from HVAC, heating, ventilation and cooling. (SDTC 2007) 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) The NRC/B.C. Hydro study of the B.C.Hydro
head office, found an energy savings of 40% for workstation specific lighting application, 11%
for personal control over lighting and 35% for occupancy sensors at each workstation.
(Galasiu,A. et. al., 2007) . This study also found increased environmental satisfaction that has
been linked to job satisfaction. Increased job satisfaction reduces the organizational issue and
cost of attraction and retention to replace employees that have left an organization. This cost of
replacement is approximately twice the individuals’ salary and an enormous impact on a factor
of organizational productivity. (Veitch 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 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 HVAC, approximately 35% for lighting and 15% for
HVAC. The reduction for HVAC, was from the average of 880MJ/m2 (Morofsky et. al. 2003) to
677MJ/m2.
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ORGANIZATIONAL PRODUCTIVITY
“But what effect on productivity can I expect?” This question is commonly asked when
improvements to the office environment are suggested. Business managers want to know that
investing in office design will save money, cause employees to produce more, and improve
organizational productivity. However, it is challenging to provide a realistic estimate of the
effect on organizational productivity. That there is an effect is undeniable, and it begins
to be identifiable when the connections between productivity, employees and office
environments are examined.
Often when people think about productivity, they consider only the output, and in particular the
amount that individual workers produce. However, individual productivity is only part of the
picture, and it can be difficult to measure what individuals produce. In the past, many office jobs
were well-defined and repetitive, like those of data entry clerks or typists in typing pools. This
made output from these jobs relatively easy to measure and compare – i.e. the number of forms
processed, or the number of characters typed.
Most office workers are now engaged in more complex knowledge work, the output of which is
much more difficult to measure. They do not produce uniform units of output any more; nor do
many perform single tasks repeatedly during a day. Rather their work consists of generating
ideas and knowledge for a variety of different projects. These projects are typically novel and not
easily comparable – does an architect’s design for a house have the same value as a design for a
shopping mall to the organization or the clients? What about an architect’s product and a
computer programmer’s? In addition, modern office work is often conducted in groups or teams,
which makes it difficult to determine the contribution from any specific individual.
Output can more easily be measured at an aggregate level. Most organizations keep financial
records on sales revenue, business volume, market share and so on. However, other
organizational output variables are hard to measure in dollar terms. For example, what is the
value of fulfilling the public’s expectation of a public service? Or the value of satisfying
customers? These outcomes are important to the organization but are not easily quantifiable.
A complete picture of productivity must consider not only the output of an organization, but
must also include the costs incurred to produce the products and services. For an organization to
function, its employees need somewhere to work, the appropriate resources, materials, and
support, a salary, training, and so on. Organizational productivity is the balance of all these
costs, against the value of all the products and services.
Many of an organization’s costs are relatively straightforward to measure. For example, the
amount spent on salaries or materials and supplies can be calculated. However, some costs
consist of many elements and are difficult to estimate realistically. Recruitment costs include
resources for advertising the position; time spent by human resources and other staff to develop
the position description, handle resumés, arrange and conduct interviews, and make follow-up
background checks; and the time and resources needed to make an offer and arrange personnel
and payroll files, computer, e-mail and phone access, and orientation and training for the new
employee. If recruitment is needed because an employee has left the organization, then the costs
of an exit interview, the lost work from the unfilled position, the disruption to other employees in
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the department, the lost knowledge, expertise and contacts, and other associated costs also need
to be factored into the equation. This equation has obviously become very complex.
It is more useful to take a wider view of the factors influencing organizational productivity.
There are two main influences on the input and output for an organization: economic conditions
and external factors, and employee attitudes and behaviours.
Economic conditions and external factors are outside forces, like the labour market, the cost of
supplies, and the market price for products and services.
While these factors have a major influence, they are largely uncontrollable, and, therefore,
cannot be manipulated for better productivity. Employees, on the other hand, are greatly
influenced by their organization’s choices. They produce the goods and services that will be sold
and are usually an organization’s greatest asset. Employees are also the largest cost.
Expenditures such as salaries, benefits, training, and recruitment constitute the majority of an
organization’s costs. Therefore, how the employees think and behave at work – their attitudes
and behaviours can have a significant influence on the organization’s input and output. By
focusing on employee attitudes and behaviours, we can examine measurable, comparable results
that contribute to productivity. This analysis can then support office lighting and controls design
choices that are beneficial to employees. We cannot put a dollar value on the effect of one
strategy, but we can show that changes that benefit employees also benefit organizations.
Employee behaviours and attitudes include how satisfied workers are with their jobs, how
committed they are to the organization, how they interact with co-workers, how frequently they
are absent, how efficiently and creatively they complete their tasks, and whether or not they
choose to leave the company. Employee health and well-being, while not strictly attitudes or
behaviours, must also be considered in this list because of their significant effect on employee
commitment, task performance, absence, interaction, satisfaction, etc. For many years,
behavioural scientists have examined how
these attitudes and behaviours are related to each other and how they influence
the input and output of an organization.
For example, a study by Carlopio and colleagues validated the belief that satisfied employees are
more committed to their organization and less likely to leave. A review by Podsakoff and
colleagues concluded that satisfied and committed workers are more likely to put in extra effort
at work, such as volunteering overtime or helping colleagues. In a study of almost 200,000
employees from 8,000 business units, Harter and colleagues found that those business units with
higher average job satisfaction had lower staff turnover, higher customer satisfaction, and better
business unit performance. Reducing staff turnover is a particularly important objective for
organizations because it is estimated to cost up to twice a leaving employee’s salary to find and
train a replacement.
Relationships, like those above, demonstrate the importance of employees’ attitudes and
behaviours to the organization’s productivity. Employees are often the organization’s most
valuable asset, and it is in the organization’s interest to safeguard this investment. Initiatives that
support employees, such as providing a suitable physical environment for them to work in, are
very likely to promote organizational productivity.
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Organizational Productivity Model
This illustrates the variables that impact an employee’s performance and the interaction with overall organizational
productivity.
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ROI FOR 150 SLATER ST., OTTAWA.
The following are a number of spreadsheets that provide the ROI on this building, based on
different lighting and controls applications. They are all compared to the current number of
fixtures and energy consumption, costs and savings of a non dimming lighting system and
current predicted usage.
Each spreadsheet also provides an explanation of what the totals and number are based on,
regarding research and typical lease contract usage in Ottawa buildings.

ROI No. 1
Basic Low Voltage vs Intelligent Dimming (Daylight Harvesting)
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ROI No. 2
Workstation Specific Lighting Application and Typical Lease Contract Hours of Operation
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ROI No. 3
Standard vs. Workstation Specific Lighting and Occupancy Sensors
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The final calculation is to illustrate the energy saving using all of the lighting application and
controls strategies combined.

ROI No. 4
Standard vs. Workstation Specific Application and All Controls Strategies
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The final calculation is based on energy savings and Green house Gas emissions savings. These
calculations are derived by using the Environment Canada GhG calculator for buildings projects.
Although there is no current Life Cycle Analysis or ROI standards for GhG savings, these will
become more important over the coming years as the international Carbon Market and cap and
trade become standardized. For example, in Europe the average cost of carbon emissions sells on
the market at approximately 23 Euro’s per tonnes of CO2 and is expected to climb. It should also
be recognized that like the financial market this pricing fluctuates daily. Having said this,
buildings have a significant role to play in the carbon market of the near and long term future and
it is important for projects to be able to identify potential savings due to technology strategies.
Once a Cap has been determined by the international governments, additional financial gains can
be obtained through selling off credits of a building or campus. For this project the annual
savings from the lighting application and strategy are 349,779.58 kg or 3,497,795.8 Metric
tonnes of CO2 over 10 years and 2,324,116.80 mega joules of electricity annually or
23,241,168.0 Mj over 10 years.

150 Slater St. GhG savings over 1 year and over 10 years.
GHG Savings Calculator :: Project 4
::Version 1::

Project Name:
Description: EDC
Life expectancy of
the project
(years):

10

Annual Fuel Use
Current Fuel Use
Proposed Savings
Electricity / Renewable Energy 908,263 kWh
645,588 kWh
m3
m3
Natural Gas
L
L
Diesel
L
L
Propane
L
L
Light Oil
L
L
Heavy Oil
Total Savings:
Savings over the Life of the project:

Energy and GHG Savings
GHGs Before Proje
(kilograms CO2e)
(megajoules)
(kilograms CO2e)
492097
2324116.8
349779.58
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
2324116.8
2,324,116.80

349779.58
349,779.58

END
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Appendix ‘A’

‘Office lighting appraisal, performance, and well-being:
a linked mechanisms map’

