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The smple premise behind the movement towards better working environments is that comfortable
people are more productive. Comfort, however, is one of those catch words that is easy to use and
hard to define. People are comfortable when they fed comfortable, which isa state of mind
dependent on both physical sensations and emotiond states. Cresting effective persona
environments must account for both these e ements together with the congraints of cost and
technology. Sometimesit is adifficult baancing act and efforts to enhance the persona environment
can actudly diminish it. Desgners must understand and take into account human congraints and
desgn flexible systems which can adapt to changing needs and perceptions.

Productivity and the Working Environment

Productivity is and aways will be the most important issue in business. Organizations that produce
an atractive rate of return on investment prosper, those that don't fail. From this purdly functiona
perspective, people are processing units creating outputs from inputs. Whether it be manufacturing
or knowledge work, the issue isthe same. Productivity is organizationd effectiveness.

In the information age, successisrelated to credtivity and the ability to leverage knowledge. Like
the agriculturd revolution, deterministic elements of production are increasingly being automated
with the result that the 1992 World Competitiveness Report found that only 15% of the active
population in the indudtriaized world touches a product during its development or manufacture. The
other 85% direct the flow of capital, services, and products. Following this trend and probably
driving it, the 1991 Harris/Steel case poll found that 88% of office workers now have a persond
computer or termind on their desk --up from 24% in just five years and of those, 27% use ther
computer more than five hours a day.

Humans are doing the work that computers and robots can't. As machines take over more of the
actua production, alarger portion of the cost of production and distribution is being spent on the
human eement. It isnot surprising then that factors potentialy affecting human productivity are
receiving increased attention. Research and empirical studies going back as far as the thirties have
attempted to quantify environmentd effects. In the classicdl field study at the Hawthorne lighting
factory, Roethlisherger and Dickson (1939) attempted to correlate productivity with illumination.
As expected, areationship was found but paradoxicaly the relationship held for both increases and
decreasssin lighting levels as wdll asfor neutrd changes lamps where replaced with identica lamps.

The Hawthorne effect asit has come to be cdled, demongtrates that productivity is a multifaceted
issue. Humans and other life forms are not completely predictable. We interact with our
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environmentsin complex and dynamic ways which can only partialy be explained by physicd
factors. The ASHRAE Comfort Standards recognize the non-deterministic aspects of this
relationship by making a distinction between thermal sensation, 'a conscious experience, and
therma comfort defined as a'sate of mind.

Comfort has both psychologica and physologicd dements. Glass and Singer (1972) evduating the
effect of loud noise on human performance found a significant correlaion to performance. Loud
unpredictable sounds resulted in decreased scores of subjects taking written tests. However,
subjects who could predict the noise or who were given control over it where gble to mitigate the
negative impacts. Actually turning off the noise was not necessary. Just the perception of
control was enough to mitigate the effect.

Hardy (1982) found asmilar psychologicd factor in sudying the therma comfort of workers
moved from closed to open plan offices. Even with very Smilar therma conditions in the two types
of gpace, worker's perception of thermal comfort in the open plan offices decreased by 50%. The
only factor that could account for the difference was aloss in persond control caused by the move
to the open plan offices.

A move to higher quality working environments has been the result of these and a great many other
gudies. Environment affects comfort, which affects human performance, which effects productivity.
Thisrelationship is not surprising for anyone who has tried typing on a keyboard with cold fingers.

A recent study by the Rocky Mountain Ingtitute and the Department of Energy (Romm &
Browning, 1994) found a mean productivity increase of about 15% during post-occupancy
evauations of lighting retrofit projects. Eight projects where evaduated using available performance
factors for companies doing arange of tasks from sorting mail to engineering design. Productivity
increases where accomplished through decreased absenteeism, faster throughput, and fewer errors.

Persond needs change with task, age, gender, and many other factors. Light intengity preference
ranges for VDT workers range from 5-10 footcandles for a young programmer to 50+ footcandles
for older workers. Light color, outside brightness, and even mood aso have an effect. The net
result isthat providing a'neutra’ or 'optimal’ environment is not possble. Instead, designers need to
provide an appropriate range of response and ameans for users to customize their space to meet
their needs.

Creating Personal Environments

Cresting persona environments within traditiond facilities can be chalenging to impossble. Large
zone HVAC and lighting must be broken into office-sized zones with persona controls provided.
There are issues of open vs closed space, degree of control, and persond perceptions. The unifying
factor issarvice. Thefacilities function isto provide a supportive working environment. IFMA
qudifiesthis as a physica environment but the literature of behavioral psychology suggests thet the
fina objective is asupportive state of mind. Both physical and psychologicd factors must be
conddered. Inteligent building technology is providing new and powerful tools for creating and
maintaining the persond working environment at an affordable cog.
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Five years ago UCAR" decided to use available technology to create individually controlled
persond environments. We were remodeling a campus of three buildings with atota of 250,000
square feet from partitioned space into closed offices and labs. Management directed that each
office have individua temperature and lighting control and that the building would meet high
gandards of energy efficiency. A variable air volume (VAV) systemn was chosen to provide air flow
and cooling while radiant heat celling panels dong perimeter walls provide hesting. 24 hour a day
operation was a so required so we needed an occupancy controlled system to alow usersto use
their spaces at their convenience.

Particularly unique to the building is the use of fluorescent dimming balastsin conjunction with a
specidly designed lighting controller providing desk-top dimming control, daylighting, and
occupancy management. Lighting was aso integrated into the HVAC DDC system using spare
channd capacity in order to share motion sensor data and to provide host level monitoring and

programming.

The system ended up having over 10,000 data channels on 8 subnets with a cost of about $50 per
channel. Thisleved of control and integration would have been impossible with conventiond
mechanica controls. The system came on-line two years ago with both predictable and some
surprising results. Thefirgt reaction isthat cregting thislevel of persond control and automated
response is very complex. Thermostat control is fairly smple and has worked well but as we began
to interact more directly with users through occupancy and lighting, problems started to gppesar.
Programming errors, equipment failures, bad terminations, improper adjustments, and user
expectations became issues that had to be contented with. In atraditiona ingtalation without host
level monitoring and control, we probably would have logt the system.

Early problems with the motion sensors and control logic were visble and fixable only with the help
of wide-scae hogt-level monitoring and trending. Complaints of cold conference rooms revedled an
obvious problem caused by continuoudy providing minimum airflow into an unoccupied and
unheated space. During weekends the temperature would drop to the low sixties and only gradualy
return to acomfortable leve after severd days of use. Meanwhile, users would turn up the room
thermostat to maximum in the expectation that non-existent heaters would relieve their discomfort.
The rooms would eventualy become too hot at which point new users would turn the thermodtat al
the way down and start another cycle.

Solutions to these problems, and many more, were eventualy found. More importantly, they reved
the necessity of host-level analysis for complex systems. Simple tasks like setting the time-out of a
motion sensor become magjor issue when hundreds and even thousands of sensors areinvolved. In
the UCAR system occupancy delay timers are programed in software at the host level. This gives
us the ability to reset time delays without visting the office. At one point, sensor problems required
this and we were able to reset 900 sensors with afew quick software changes.

The UCAR system monitors office temperature, motion, and light level. Taken together, this gives

! UCAR isthe University Corporation for Atmospheric Research, which operates the National Center
for Atmospheric Research under sponsorship of the National Science Foundation.
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us the ability to do stimulus-response testing to perform red-time diagnogtics. Attempts by usersto
defeat the system can be detected and the red problems fixed. From our experiences, | suspect
that ingtallations without this capacity are routingly bypassed. Providing service to users requiresthe
ability to sustain the environmenta support system in good working order. Rapid response and a
sense of maintenance competence are d o required. Without intelligent building technology the
complex building systems necessary to provide for individual needs would not be possible.

How Much Control

Creating persona environments requires creating a sense of persond control. Paradoxicaly, Paciuk
(1987) found that actudly exercising this control can have negative effects. Users expect building
systems to service their needs without being intrusive or demanding. Barnes (1981) suggests that
controls be decisve. Function should be obvious, consstent, and provide immediate feedback.
Light switches are agood examples. Thermogtats are not. Background processes like occupancy
and daylighting which do not provide direct user benefits need to beinvisible.

Dimming balagts in the UCAR system are very effective in providing users with arange of control
down to 10% of full light output. Users are provided with alight control rheostat that plugsinto a
telephone type outlet located in the same telcom box with telephone and network outlets. The
control has a 12-foot cord and a double stick backing to alow it to be attached to a computer
termind or desk. Overhead light is adjusted by turning a knob and feedback isimmediatdy
provided through variation of the light level. Focus group tests showed that VDT users are very
sengtiveto light levels, so wall mounted controls were not sufficient to provide the necessary level of
fine tuning and convenience.

Usage of the lighting control varieswiddly. Some users don't even know it exists while others
couldn't livewithout it. Many st the light level where they like it and leaveit. Almogt everyone
would like to have manua on/off control, which we did not provide. From apersond control
perspective we made a mistake in assuming that automatic control with motion sensorswould be a
feature. Instead, we found that we had actudly reduced persona control. Traditiond lighting
control isalight switch at the entry door. This is a basdline expectation that we did not sufficiently
replace.

Training

A building control system that requires forma user training istoo complex. Users must be able to
learn how to use the system with little or no ingtruction using very obvious and Smple ingructions
and/or immediate feedback. Thermostats provide this with a numbered scae, light switches with an
immediate change in room light. Most importantly the syssem must work in an expected way.
Initidly we provided light switch buttonsin conference and other public rooms. These are
momentary contact buttons and there is a short (200ms) delay before the lights respond. Pushing
the button a second time before the start-up sequence finishes, turnsthe lights off. After severd
tries, some users would just give up in a clear case of persond control meltdown.

Occupancy
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Occupancy deserves specid consideration becauseit is potentidly so intrusve and haslittle if any
direct user benefit. Motion sensors unfortunately do not monitor occupancy. Motion is often a
good surrogate for occupancy but only if small motions can be sensed. In laying out motion

sensors, we assumed typica seeting patterns. As usua, users found their own ways to inhabit their
gpace. IR motion sensors are line of sight only. They must be mounted where they can see and
detect the type of motion that occurs in the space they are monitoring. For offices they must be able
to detect fingers typing on akeyboard. Without thisleve of detection, motion sensor are useless.
Wal-mounted sensors mounted in the place of atraditiona light switch are particularly suspect.

Motion sensors in the UCAR system are used only as sensors. Lighting and HVAC are controlled
indirectly through their associated controllers. This gpproach alowed usto use aless expensive
sensor making it very reasonable to add a second sensor.  Tying to limp by on one sensor can
creete great user frustration and additiona deterioration of the sense of persond control.

Daylighting

This has been an effective energy measure that aso seems to work for occupants. Acting like alight
thermostat, daylighting modulates lights up or down to reduce power consumption as daylight
becomes available. With dimming balasts it has been possible to achieve a smooth and usudly
imperceptible lighting response. Users have complained if the threshold light leve is set too low but
there have been few problems and it gppears that many users gppreciate having the lights self-
regulate.

Towards the Service Environment

The move to and need for persond environments will not be disputed by most owners and
designers. Ultimately dl environments are persond dong the lines of form follows function.
Computer rooms meet computer needs and factories meet production equipment needs. Likewise,
office and lab spaces must meet the needs of the people and equipment who occupy them. But
people and even equipment are adaptable. They function well over arange of conditions. The redl
issue, as aways, israte of return. Do the benefits judtify the cost and risk?

Redidticaly, productivity isonly partialy dependent on physical environment. Management experts
like Deming and Drucker don't even mention it specificaly. But they do mention creeting alarger
environment of pogtive attitude and persona support which the behaviord science literature
cooroborates. People need to be in active interaction with their environment. They need to fed in
control even if they aren't doing the control themsdalves. Part of the dynamic isto be ableto get a
response to problems and to fed like someone is watching out for their well being.

Studiesin nurang homes (Langer & Rodin, 1976) showed that patients who were asked to take an
active, decisve part in the upkeep of their environments were happier, hedthier, and lived longer
than patients who were told that the staff would take care of them. Certainly, offices are not nursing
homes (some may dispute this) but the issue of personad control keeps reoccurring through a variety
of tests and conditions. Taken to its end, alack of personal control can lead to the condition of
'learned hel plessness where people and lab animasjust give up. (Sdigman& Maier, 1967).
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With the move towards open space and space flexibility, designers assumed that the impact of large
zone control of temperature and lighting in afield of partitioned cubicas would not sgnificantly effect
productivity. In some casesthey are no doubt right. Where work is exciting and management
effective the effects of apoor physica work environment will be mitigated. Thisis especidly true if
the cogt of building the better environment is very high. But the truth is that open plan offices have
faled to meet many worker needs. In the Harris/Steel case poll 55% of workers say that privacy
and quiet are very important but only 16% say they get it Similar Satigtics for lighting and HVAC
rate these as very important but only about than haf fed like they get it (Harris/Sted case Pall,
1991).

The picture that emerges from the Harris'Steel case pallsis one of workers concerned with quality
and effectiveness and who want to work in supportive, productive environments. Of those polled,
93% favor continuous improvement and 88% favor measuring customer satisfaction. Physical
environments are part of an overdl management and quality strategy. They send amessage about
management attitudes and expectation to employees and customers. In some aress of the world
just having a40 watt light bulb and plastic on the windows might be enough. What's enough in our
world is agrategic decision made every time anew facility is built.

Going back aslittle as a single decade, the technology to creste personalized environments was
limited and the costs high. Controls were mechanical and computer networks where just beginning
to appear. In 1990 when UCAR was congidering control options, pneumatics were ill aviable
option. Bendfits like host-level management and the issue of complexity were not even considered
in the cost equation. No one we could find had actudly done afull building with individudly
controlled offices and dimming fluorescents.

Costs and risk factors to accomplish the same leve of service have greatly improved over the
ensuing five years to a point where just the energy savings and capita cost reductionswill be
aufficient to justify most incrementa costs. Meeting energy regulationsin some states and for federa
buildings may actudly require the efficiencies inherent in small space management. On an office-by-
office bassthe typica building is only 70% occupied a any giventime. As offices are lumped into
zones the occupancy rate increases at an exponentid rate so that even with only two or three offices
in azone, the building isadmost fully occupied dl thetime.

The UCAR lighting system has reduced pesk lighting energy demand by 58% and cooling by 20%.

Eliminating smultaneous heating and cooling of spaces and variable speed fans have further
improved these numbers. Reducing cooling requirements by 200 tons resulted in an $30,000
capitd savings. An additiond chiller and cooling tower which were ingtaled for acost of $300,000,
have never even been turned on. This compares to $250,000 incrementd lighting and HVAC
ingtalation cogts.

The mogt Sgnificant issueisrisk. Ingaling new technology is inherently risky and hard to eva uate.
Severd of the mgor componentsin the lighting system have had to be replaced or reworked to fix
both product and workmanship problems. UCAR was not awilling participant or investor in any
beta test program. Except for the lighting controller, we purchased only standard, but relatively
new, products. With technology changing so rapidly, the Stuation is Smilar to that encountered in
software sdes. Specifications and marketing clams mean little. Warranties are difficult to enforce
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and thereislittle recourse againgt designers and engineers.

Ownerstruly are on their own. Rilot ingtalations and engineering andlys's are as essentid for this
type of design asthey are for any other high tech purchase. For buildings however, the impact of
failed products and poor ingtdlation can be devastating. The best approach is to be conservative
but of course that's rdlative. Waiting until al the bugs are worked out might mean waiting forever
and congtructing obsolete buildings. The dterative strategy isto closdy evauate new products and
technology in combination with a comprehensive risk management strategy. DDC and other
networked controllers help meet these requirements with a host-local hierarchy and remote
diagnostics so that loss of the host does not debilitate the local control and problems can be
evauated remotely.

Grester persond control and many other factors are requiring buildings that are inherently more
complex. Risk and equipment failuresin these buildings is unavoidable. The best strategy isto plan
for it and to build in the flexibility to respond.

Conclusion

Enhancing productivity through better persona environments is part of a greater organizationd
drategy of quaity and service. Designers and building operators will be chalenged to provide
building services that meet user expectations. Grester persona control means greater complexity
and arequirement for higher performance building syssems. Potentid benefits will be logt if users
become confused and frustrated with systems that do no respond in a consistent, unobtrusive
manner. Inteligent building technology makes greater persona control possible by enabling the
creation of more complex systems along with the means to manage and adapt to meet changing
needs and perceptions.
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