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term that describes the incorporation of natural el-
ements into our built environment in order to take 
advantage of their beneficial effects on our lives.

Biophilic design has been used by architects to 
create buildings that include plants, natural light, 
water features, and views to outdoor natural set-
tings. Stephen Kellert, in his book Biophlic Design: 
The Theory, Science, and Practice of Bringing Build-
ings to Life, presents data showing that these tech-
niques have a measurable positive effect on worker 
productivity in office settings and on recovery time 
in health care facilities. Kellert argues, that in addi-
tion to actual natural elements, we can also benefit 
from designs that incorporate natural shapes and 
forms, patterns, and textures. The characteristics of 
a space or spatial pattern can also mimic natural set-
tings. Two of these are referred to as “prospect” and 
“refuge”. “Prospect” describes an elevated location 

BY SUZANNE S. HUNNICUTT,  
AIA, LEED-AP

The word “biophilia” literally means 
“love of life or living systems” and was 

first used by social psychologist Erich Fromm in the 
mid-1960s. The term was popularized in a 1984 
book of the same name written by biologist Edward 
O. Wilson. In the book, Wilson defines biophilia as 
“the urge to affiliate with other forms of life”. Since 
that time, numerous studies in a variety of fields 
have shown that contact with nature and other liv-
ing things have significant emotional, physiological, 
and social benefits for human beings.

Wilson and others theorize that, because we 
evolved in a bio-centric world, we are “hard-wired” to 
seek out features and attributes of nature that are 
beneficial to survival. This includes not only living 
organisms, but also life-sustaining elements such as 
light and water. “Biophilic Design” has become the 
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PROJECT SPOTLIGHT
FLORIDA POLYTECHNIC 

UNIVERSITY

BIOPHILIC DESIGN
FOR THE LOVE OF LIFE OR LIVING SYSTEMS

CSI is the surveyor of record 
for the new Florida Polytechnic 

University campus along 
the I-4 corridor in Lakeland, 

performing both the boundary 
and topographic surveys. Under 

contract with Skanska USA, 
CSI is providing construction 
layout and record surveys for 
the onsite improvements, as 
well as the precision layout 
of the building structure and 

mechanical systems.

P1

Long before the term “biophilic design” was 
coined, Frank Lloyd Wright was designing 
buildings using some of the same principles.

Long before the term “biophilic design” was 
coined, Frank Lloyd Wright was designing 
buildings using some of the same principles.



BY H. ROBIN LOSH 
The sources and uses of 

water will become of ever in-
creasing concern as the frag-
ile balance between human 

and environmental needs continue to be 
stressed. Most utilities and agencies charged 
with meeting community and commercial de-
mands while protecting the environment are 
looking at more integrated approaches to 
conservation and reuse of water. However, in 
some cases, water needs are outside a util-
ity service area. In those cases, care must be 
taken to carefully manage wastewater so as 
to conserve water, minimize environmental 
damage, and control costs. In these cases, 
one of the treatment alternatives is the On-
site Disposal System.

In their older form, the standard septic tank 
and drainfield have received justified criti-
cism over the years. These treatment systems 
can be significant contributors of non-point 
source pollution that can endanger our fresh 
water resources. According to some sources, 
about 30 percent of households in the U.S. are 
using Onsite Disposal Systems. Conventional 
systems collect wastewater in a septic tank 
where it goes through primary settling and bi-
ological reaction during its retention time. The 
supernatant or effluent is discharged from the 
tank and disposed to a drainfield for percola-
tion through an unsaturated soil zone which 
provides advanced aerobic treatment of the 
effluent. The challenge faced by this system is 
its reliance on the soil properties to function 
properly. Either nutrient or hydraulic overload 
of the drainfield is, in many cases, the cause of 
system failures which result in discharge that 
endangers the environment. Management of 
the effluent quantity and quality is very impor-
tant when developing the parameters of each 
system while maintaining protection of our 
natural resources.

To address these issues much research, field 
experimentation, and innovative design is un-
derway. The objective is to establish viable, cost 
effective alternatives to manage quantity and 
quality of septic tank effluent at the disposal 
point. While most of these alternatives are not 
cost effective for the individual residence, they 
are viable options for small community treat-
ment systems or corporate/public centers.

Often, soils with restrictive percolation rates 
are encountered on a site. These soils require 

dosing at a lower rate over a larger area and 
can be unsuitable altogether for disposal. In 
2006, Auburn University conducted a field 
evaluation in a high clay content soil of a sub-
surface drip irrigation system drainfield deliv-
ering septic tank effluent to an integrated sea-
sonal crop. The seasonal crops were employed 
to provide additional moisture and nutrient 
uptake from the drainfield soil while moisture 
sensors located in the drainfield controlled the 
dosing rate. The purpose of this field evalua-
tion was to test effects of select plant uptake 
integrated with controlled low dosing rates to 
overcome the shortcomings of a conventional 
system in high clay soils. The results of this 
evaluation was published in a technical paper 
titled Innovative Subsurface Drip Irrigation 
(SDI) Alternatives For On-Site Wastewater Dis-
posal In The Alabama Black Belt which is avail-
able for reference on the internet.

The benefits from introducing plants either 
at the point of treatment or at the point of 
disposal can be significant in improving the 
final effluent discharge quality. One patented 
system employs algae biomass (one celled 
aquatic plants) to enhance bacterial reduc-
tion of organic matter in the wastewater. The 
algae flourish in the presence of the nutri-
ents in the wastewater and carbon dioxide 
that is produced by the bacteria. The algae 
also consume additional nitrogen and phos-
phorus. As an added bonus, the algae takes in 
carbon dioxide and produces oxygen which is, 
in turn, needed by the bacteria to complete a 
symbiotic relationship between the two. This 
relationship ultimately lowers the emission 
of carbon dioxide which is a greenhouse gas. 
This patented system is known as Algaewheel 
Technology and has been licensed to Old-
Castle Precast. More information about this 
system can be obtained at their website www.
oldcastleprecastonsite.com.

More recently, compact fill and drain wetland 
technology has been developed to produce high 
levels of treatment for wastewater generated 
in larger office and public/institutional build-
ings. Two such buildings were showcased in an 
article published in the June 2012 issue of CE 
News, titled Wastewater Wetlands On Display. 
Both of the buildings were designed to use in-
novative onsite wastewater treatment with ef-
fluent reuse for flushing of toilets as an aid in 
their seeking LEED certification. The treatment 
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TITLE: Regional Office Manager

YEARS AT CSI: 4.5

FAVORITE THING ABOUT WORKING AT CSI: 
The people

GREATEST ACCOMPLISHMENT SINCE 
WORKING AT CSI: Being added to the Florida 
Polytechnic design team and working on such a 
high profile project

THREE WORDS TO DESCRIBE YOURSELF: 
Leader, Planner, Friend

FAVORITE RESTAURANT: Bern’s Steakhouse

HOBBIES: Working out, golf, tennis

WHAT DO YOU CONSIDER YOUR FAVORITE 
PROJECT SINCE WORKING AT CSI?   
Oakbridge DRI

WHERE DID YOU GROW UP? Atlanta, Georgia

EDUCATION: Graduated from Georgia Tech in 
Civil Engineering

ROLE MODEL: St. Paul

FAVORITE SPORTS TEAM:  
Georgia Tech Yellow Jackets

DID YOU ALWAYS KNOW YOU WOULD BE IN 
THIS INDUSTRY? IF NOT, WHAT DID YOU 
THINK YOU WOULD BE DOING? No, I wanted to 
fly for the military

MOST INTERESTING JOB:  
Golf Course Maintenence

EMPLOYEE SPOTLIGHT
STEVE MCCONN
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BY JAMES R. CHASTAIN, JR.,  
PHD, PE, MPH 

The economic turmoil over 
the last few years has cer-
tainly caused all of us to look 

at our homes and businesses for ways to 
operate more efficiently. We ask ourselves 
“where can we conserve?” and “how can we 
take advantage of technical innovations 
that will reduce costs or increase productiv-
ity?” These same sorts of questions are be-
ing asked by policy makers at various levels 
of government to encourage or discourage 
certain types of activities. 

As one expands those thoughts from pure-
ly personal economic considerations, there 
are numerous environmental challenges so-
ciety needs to face. What can be done to or-
der our lives more efficiently so as to reduce 
our impact on the environment?  Various 
“green” initiatives are focused on reducing 
our “carbon footprint”, reducing per capita 
water consumption, recycling packaging 
materials and certainly reducing energy 
consumption. The objective seems to be to 
find a way to require less net consumption, 
yet maintain a consistent lifestyle.  

In fact, the common implicit assump-
tion is that “sustainability” of a resource 
will automatically follow when, by tech-
nological improvements in efficiency, we 
consume less of the resource.  This has a 
certain logic to it, but over the past year I 
have been wrestling with whether it is an 
accurate characterization of the situation. 
For example, if this assumption is correct, 
why does overall petroleum consumption 
continue to rise despite the significant effi-
ciency improvements to automobile, jet and 
equipment engines over the past 25 years? 
Obviously, this is due to the fact that more 
people are using more of the efficient cars, 
jets, and engines so the aggregate demand 
goes up. But that begs the question, ‘will 
sustainability result in the future if techno-
logical innovation hasn’t reduced aggregate 
demand in the past?’  (While this concept 
can apply to any resource, it is particularly 
applicable to energy consumption with its 
implications for our standard of living as 
well as climate impacts, so I will use it as 
the primary point of this discussion.)

As I began to casually research the topic, 
I was intrigued to discover that this same 
question had been formulated and ad-

dressed back in 1865. It seems that Stanley 
Jevons, a professor of political economy at 
University College in London, wrestled with 
the same riddle…why do technology gains in 
efficiency result in increased consumption?  
In his day he was concerned that England 
would run out of coal which would result in 
a significant drop in their standard of liv-
ing. His analysis was presented in The Coal 
Question which is absolutely fascinating. 
The similarities between coal of Jevons’ day 
and oil in ours are striking. Can the concepts 
of Jevons analysis be helpful in characteriz-
ing the problems and solutions that we face 
today? I think they can, but what are the key 
concepts?

At the outset I should mention that there 
are fairly vigorous debates among econo-
mists as to the net effect of the Jevons Para-
dox. In the same way that there are Keynes-
ians and Monetarists, there are academics 
that say Jevons identified a key factor in 
moving policy forward and others that say it 
is misguided. As I have read the arguments, 
I think that Jevons analysis is valuable in 
clarifying or exposing implicit assumptions 
and helps improve our approach to resolving 
some very real problems.
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JEVONS PARADOX: IS INNOVATION AND INCREASED EFFICIENCY ENOUGH?

GENERAL

>  Diesel Exhaust can cause Cancer. 
Health risks from diesel exhaust is 
greater than previously believed.  
On June 12, the International 
Agency for Research on Cancer 
(IARC) announces that it is 
classifying diesel exhaust as 
carcinogenic to humans, reversing 
an earlier classification as 
possibly carcinogenic to humans, 
based on scientific studies 
published since its last evaluation 
(http://press.iarc.fr/pr213_E.pdf). 
IARC’s report cited in particular a 
March 2012 study by researchers 
at the National Institute of Health 
(NIH) and National Institute for 
Occupational Safety and Health 
(NIOSH) study that associated 
heavy exposure to diesel exhaust 
with the risk of death from 
lung cancer in miners (http://
www.nih.gov/researchmatters/
march2012/03122012diesel.htm).

>  Just a reminder the HAZCOM 
Standard Compliance date for 
Employers to have completed 
employee training on the new 
chemical labeling system and 
Safety Data Sheet (SDS) format is  
December 1, 2013.
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The fundamental premise of the Jevons Par-
adox is summarized in his book The Coal Ques-
tion where Jevons states, “it is wholly a confu-
sion of ideas to suppose that the economical 
use of fuel is equivalent to a diminished con-
sumption. The very contrary is the truth…As 
a rule, new modes of economy will lead to an 
increase in consumption.”

Upon reflection it is hard to see why anyone 
would object to the statement, because it is a 
fundamental consideration of marginal analy-
sis in economics. Jevons, who interestingly 
was one of the developers of marginal analy-
sis, begins the Coal Question by noting that 
the effect of improved efficiency reduces the 
required fuel for a task which has the effect of 
reducing cost. He then shows that technology 
will expand into other areas which will increase 
production of steel (for example). This will re-
duce the price of steel which then reduces the 
cost of trains, factories, etc. Thus, this expands 
the demand for those additional products and 
lowers the associated cost which increases the 
demand for the output. Those activities taken 
together increase the aggregate demand for 
fuel so long at the supply of fuel is available. 
While economists will then argue the effects 
of substitution, elasticity, regulation, rebound 
or backfire, the general concept seems to bear 
out common experience.

This presents a profound paradox that chal-
lenges the prevailing sustainability assump-
tion. Taken alone technological innovation 
and efficiency may not guide us to our ulti-
mate goal of resource sustainability. In fact, 
Jevons Paradox asserts that it will do just 
the opposite. This is not to say that technolog-
ical innovation and efficiency efforts should 
be ceased. Rather it indicates that while it can 
be a necessary activity, it is not sufficient in 
and of itself. 

If Jevons Paradox is a correct, or mostly 
correct, view of the way consumer behavior 
actually works, what actions need to be taken? 
I haven’t read any suggestions that I find par-
ticularly attractive…which is why I suppose 
economics is known as the Dismal Science. To 
reduce the aggregate consumption in the face 

of increasing populations seeking economic 
growth is daunting. From scholars who have 
explored Jevons concepts point to the fact that 
the solution will involve at a minimum three 
factors: price, convenience and/or substitution. 

First, according to Jevons’ relations, any 
efficiency gains through technology or inno-
vation must not result in reduced costs. This 
would imply that some sort of artificial pric-
ing mechanism be attached such as a tariff 
or tax. However, it can’t stop at that. The tariff 
cannot be used for other activities that would 
increase energy consumption. Implementing 
such a policy in today’s political and economic 
environment may not be feasible. Still, some 
compatible incentives must be found. 

Second, convenience…or more precisely 
“inconvenience” must be factored into energy 
use decisions. The two factors that drive most 
consumer decisions are the marginal cost of 
consumption versus the marginal convenience 
or pleasure of the consumption. For example, 
while riding a bicycle to work is far less costly 
than owning/maintaining a car, it is far less 
convenient for most people who live in the sub-
urbs and certainly limits the range of mobility.  
Some have suggested that this factor will pro-
vide a strong incentive in the future toward ur-
ban versus suburban/rural living. Urban envi-
ronments can be far more energy and resource 
efficient than the alternatives. It is possible 
that some of the taxes mentioned above could 
be used to support more desirable urban en-
vironments that reduce the impacts of urban 
sprawl. The “biophilic” design movement with 
its corollary biophilic cities is an example of 
this. (See Suzanne Hunnicutt’s related article 
in this newsletter).

Finally, substitution of energy sources will 
play a part. While it would be nice to think that 
solar or wind generated power will be able to 
fill this gap, current renewable sources are 
completely dwarfed by the needs. In addi-
tion, the technology and economics of those 
alternatives are not at a level to support mass 
adoption at this point. Other energy options 
are available such as nuclear power. Nuclear 
power generation will be subject to Jevons Par-

adox just as fossil fuels are, but it is hard to iden-
tify another source that can produce the energy 
output needed without the climate change im-
pact of fossil fuels. Natural gas is likely to be an 
intermediate alternative as well, but they all beg 
the question of how long-term sustainability will 
be met as the world population grows to 9 or 10 
billion people by mid-century. 

In summary, Jevons Paradox is a demonstra-
tion of the “Law of Unintended Consequences” 
(Oct-Dec 2011). We use a common efficient 
energy source to solve the energy problem that 
Jevons feared, but which has created unantici-
pated environmental impacts while raising the 
standard of living for society. In order to main-
tain that standard of living while reducing the 
expanding need for fuel, considerable efforts 
have been made to improve the efficiency of 
fuel use. However, the very efforts that were de-
veloped to save fuel may in fact be increasing its 
aggregate demand...and at the end of the day, 
aggregate demand is what counts. 

At first glance these are not necessarily hap-
py thoughts, but in order to figure out a problem 
one has to be able to define the problem.  Many 
times problems and solutions are characterized 
in a much too linear fashion. We live in a non-
linear world with feedback/feedforward loops 
that can confound solutions that just look at a 
single problem and a direct solution. In order to 
develop a rational set of policies to maintain our 
standard of living while truly addressing fuel 
and other resource issues, these concepts must 
be recognized and factored into the solutions.
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NEED MORE UPDATES? @CSIEngineers
Chastain-Skillman is now on Twitter. Follow us 
for updates on current projects, engineering 
news and more to get your weekly fill of all 
things Chastain-Skillman. 

Dr. Jim Chastain is the CEO and President of 
Chastain-Skillman, Inc.  He has a Bachelor 
of Science in Civil Engineering (honors) and 
Master of Engineering from the University 
of Florida.  He also has a Master of Public 
Health and Ph.D. in Public Health from the 
University of South Florida.  He is a registered 
Professional Engineer with over 30 years of 
experience and is a Diplomate of the American 
Academy of Environmental Engineers.  
He can be reached at [863] 646-1402 or  
jrchastain@chastainskillman.com.
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system they employed was The Living Machine 
by Worrell Water Technologies. The Living Ma-
chine is comprised of a series of watertight 
cells with under drains. The cells are filled with 
engineered media that support microbial film 
growth and planted with select wetland plant 
species that root in the media. After solids are 
removed in a septic tank, filtered wastewater is 
pumped into the wetland cells and allowed to 
migrate through the plant roots and microbial 
biomass which provide treatment. The waste-
water is then recovered in the under drain 
network and cycled through additional cells 
for further treatment. Once the designed dos-
ing cycles are completed, the final effluent is 
filtered and disinfected before storing for re-
use or routed to final disposal. A more detailed 
description of the process and system com-
ponents can be found at www.livingmachines.
com for those interested.

The field evaluation and innovative tech-
nologies that are referred to above are a small 
sampling of the ongoing research and devel-
opment that are taking place in the wastewa-

ter industry. Although there are specific char-
acteristics and limitations with each system 
type, it is encouraging to have these additional 
alternatives available to improve the opera-
tional capabilities of onsite systems. As pres-
sure increases to retain and reuse wastewater, 
these onsite systems can provide a necessary 
solution in more remote settings that don’t 
have access to central systems. When that is 
the case, our industry engineers and scientists 
are developing solutions to provide quality 
wastewater treatment and protect one of our 
most valuable natural resources - our fresh 
water supply. Chastain-Skillman, Inc. is con-
tinually monitoring new developments in our 
industry and is proud to be an active member 
of this engineering community.
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where you can look out over an unobstructed 
space. “Refuge” is a small, protected area. These 
characteristics can be combined to create com-
fortable and interesting spaces reminiscent of 
natural locations.

More recently biophilic design has been tout-
ed as an element that should be included in ur-
ban planning and development. Timothy Beat-
ley, in his book Biophilic Cities and on his web-
site www.biophiliccities.org explains that, due 
to the increasing urbanization of our planet,  
“nature-ful cities is an ever more urgent need.” 
Beatley discusses many different techniques 
for including nature in our cityscapes. “Parklets” 
are a feature being used in San Francisco and 
other cities where individual parking spaces are 
turned into mini-parks by the addition of sod, 
benches, planter boxes, and even trees. In Seat-
tle, property adjacent to a city reservoir is being 
developed as an urban orchard of fruit and nut 
trees as well as “p-patches” for individual family 
gardens. Many cities, including Portland, have 
begun developing “green streets” using bio-
swales and rain gardens to treat storm water at 
its source and lessen the impact on storm sewer 
systems and downstream rivers and lakes.

Beatley acknowledges that there is much 
research that needs to be done to quantify the 
benefits of a biophilic city. For example, is ac-

cess to a larger forest area more effective than 
a neighborhood full of street trees? However, 
he strongly believes that research will confirm 
that biophilic cities are “profoundly restorative, 
magical, and wondrous”.

From the research that has been done and is 
continuing to be done, it seems clear that bio-
philic design principles can be used to improve 
the quality of our lives and should be considered 
in the design of our buildings and our cities.
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Parklets can add a little bit of nature,  
even to existing streets.
Courtesy of the San Francisco Bicycle Coalition

Suzanne Hunnicutt is Vice-President of Archi-
tecture, and works out of Chastain-Skillman’s 
Sebring office.  Her work focuses on the 
design of office, institutional and industrial 
buildings for both public and private clients.  
Suzanne received a Bachelor of Design de-
gree in 1975 and a Master of Architecture 
degree in 1980 from the University of Florida.  
She can be reached at [863] 382-4160 or  
shunnicutt@chastainskillman.com.

Robin Losh is a Senior Project Manager in the 
Environmental Engineering Department of 
Chastain-Skillman’s Tallahassee office and  
has been with the firm for 23 years.  
He can be reached at [850] 942-9883 or  
rlosh@chastainskillman.com.

OUT WITH THE OLD. IN WITH THE NEW.

In the past few months, you might have 
noticed that Chastain-Skillman has updated 
their logo.  In order to stay competitive in 
the market you need to evolve.  Chastain-
Skillman has done just that.  However, our 
brand evolution is more than just a logo 
makeover. We here at Chastain-Skillman 
are working to freshen the content of the 
newsletter and website, as well as other 
business collateral. 

NEW

OLD
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