
H i g H  P e r f o r m i n g  B u i l d i n g s  W i n t e r  20083 8

Lighting the Way
c a s e  s t u d y  t w o  g u i l f o r d  c o u n t y  s c h o o l s

A 70 million year old Mosasaur fossil, an extinct marine reptile 

that lived in a sea that existed in central North America, is dis-

played in the main entry hall of Northern Guilford Middle School.  

A reminder of the impacts of climate change, the display rein-

forces the objective of creating the school as a teaching tool. 

B y  M i c h a e l  N i c k l a s ,  Fa i a
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B u i l d i n g s  at  a  g l a n c e

B u i l d i n g  t e a m

owner guilford County schools

Architect innovative design, inc.

Civil engineering Consultant  
B & f Consulting, inc.

landscape Architect landis, inc.

structural engineering Consultant  
lysaght and Associates, P.A.

meP engineering Consultant  
Padia Consulting, inc.

general Contractor  
new Atlantic Contracting (northern guilford), 
Barnhill Contracting, inc. (reedy fork)

Construction management Company  
HiCAPs, inc.

Building name northern guilford  
middle school

location 616 simpson-Calhoun road, 
greensboro, n.C.

size 140,000 ft2

started 2005

Completed 2007

use school for 950 students in grades six 
through eight

Cost $20.7 million

distinctions Projected to be among the top 
10% of schools in the nation designed to earn 
the energY sTAr® label

Building name reedy fork elementary school

location 4571 reedy fork Parkway, 
greensboro, n.C.

size 87,000 ft2

started 2006

Completed 2007

use school for 725 students in grades  
prekindergarten through five

Cost $13.6 million

distinctions Projected to be among the top 
10% of schools in the nation designed to earn 
the energY sTAr® label

A
s a matter of practice, 
the Guilford County 
School District, located 
in north-central North 
Carolina, encour-

ages its architects and engineers to 
incorporate holistic, innovative, green 
solutions that are strongly tied to the 
curriculum. Understanding how stu-
dents, teachers, and the community 
could benefit by building energy- 
and water-efficient, environmentally 
sound schools, the school district 
started moving down a new green 
track several years ago. From the 
school board to the facilities planning 
team, the school system has become a 
significant force in promoting sustain-
able design. 

The school district is the first in 
the state to develop its own set of 
detailed green design specifications, 
the G3-Guilford Green Guide. The 
results are now starting to come in, 
and the first two schools, Northern 
Guilford Middle School and Reedy 
Fork Elementary School, are prov-
ing to be among the best examples of 
sustainable design in the country.

Both schools incorporate extensive 
green strategies, some that were 
used in school designs for the first 
time. Sustainable features include 
daylighting, energy-efficient building 
shell, indirect lighting, solar water 
heating and photovoltaic systems, 
computer-based real-time monitor-
ing of sustainable systems, interpre-
tive eco-learning centers, recycled 
materials and use of local products, 
indoor environmental quality man-
agement, and native planting. 

What these two schools prove is 
that, for the same budget as typically 
constructed schools, sustainable 
design is viable for every school sys-
tem today. Additionally, both schools 
were designed to earn the ENERGY 
STAR® label in accordance with 
building energy consumption stan-
dards set by the U.S. Environmental 
Protection Agency (EPA) and are 
projected to be among the top 10% 
in their category nationally.

Northern Guilford Middle School 
is 140,000 ft2 and designed for 950 
students. The projected energy per-
formance is 34,730 Btu/ft2 per year. 

Northern Guilford Middle school’s design provides environmental and 
educational benefits.
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The school includes classrooms, a 
separate dining facility, gymnasium, 
auditorium, science, art, music and 
technology rooms, media center, and 
administrative spaces. 

To minimize cost and maximize 
environmental benefit, the site work 

for Northern Guilford included the 
adjacent high school. The site’s 
unique features include rainwater 
harvesting, bioswales, three con-
structed wetlands, environmentally 
friendly wastewater treatment, and 
subsurface irrigation systems.

Reedy Fork Elementary School 
is 87,000 ft2 and designed for 725 
students. The projected energy per-
formance is 30,915 Btu/ft2 per year. 
The school includes classrooms, 
media center, art, music and science 
rooms, a multipurpose room that 

F i g u r e  1  d ay l i g h t i n g  O p t i O n s

design   additional cost
  to classrooms to school

 
 
non-daylit, flat roof (base design)    $0.00/ft2 $0.00/ft2 

 

 
 
non-daylit, standing seam metal roof  – $0.04/ft2 – $0.02/ft2 

 

 
 
daylit with south-facing roof monitors,   $3.29/ft2 $1.65/ft2 
no underfloor air distribution 
 

 
 
daylit with south-facing clerestories,   $5.53/ft2 $2.77/ft2 
no underfloor air distribution 
 

 
 
daylit with south-facing clerestories  $2.73/ft2 $1.37/ft2 
and underfloor air distribution 
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serves as a cafeteria and gymnasium, 
and administrative spaces. 

The school was designed in 
conjunction with a much larger 
community civic center complex. 
The students will eventually benefit 
by being able to use many facilities 
within the complex, including 
a public library that will be an 
expansion of the elementary school 
library, the parks and recreation 
department’s ball fields and play 
areas, and the community center’s 
swimming pool, tennis courts, 
and volleyball facilities. All will 

benefit by implementing shared 
parking strategies and using a 
common constructed wetland 
that was designed as a part of the 
school project.

Key sustainable strategy
Because the design of Northern 
Guilford Middle School was started 
at a time of escalating and volatile 
construction prices, the design team 
felt it was necessary to reassess the 
typical daylighting strategies that 
had been used in the classrooms 
and develop a new classroom wing 

c O s t  c O m pa r i s O n

despite studies to the contrary, green 
buildings are perceived to cost much 
more than conventional buildings. 
however, by using whole-building, 
whole-site approaches to both projects, 
northern guilford middle and reedy  
Fork elementary prove that sustainability 
does not need to cost more. 

When comparing the final construction 
cost of northern guilford middle or  
reedy fork elementary to the average  
bid price of schools in north Carolina  
during 2006 and 2007, it is easy to  
see that guilford County’s sustainable  
schools were competitive. 

   
 northern  reedy fork 
 guilford middle elementary

cost of 
Building $148/ft2 $157/ft2* 
and site

* reedy fork’s bid of $151/ft2 was adjusted 
upward at the desire of the owner to implement  
a 13-month, accelerated schedule. 
 

 Average Bid  Average Bid  
school for middle  for elementary  
cost schools in n.C. schools in n.C.

 
2007  $162.88/ft2 $155.33/ft2 

 
2006    $154.14/ft2 $145.10/ft2 

Another way to look at this issue is to 
compare northern guilford middle school 
to southern guilford middle school. 
Although both schools were constructed 
in the same approximate time frame, in 
the same county, with the same program 
requirements and the same budget 
restrictions, the sustainable northern 
guilford was built for a cost that was only 
“seven cents a square foot more than 
southern [guilford middle school] —  
peanuts,” said Joe Hill of guilford County 
schools, n.C.  

White single-ply roofing increases reflected light into the clerestories at Reedy Fork.

North-facing clerestory in Northern Guilford’s media center.
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ment an underfloor system, a holistic 
approach was needed since most 
buildings incorporating this strategy 
were adding at least $15/ft2 to the 
cost. Additionally, because of dis-
satisfaction with the compatibility 
between daylighting and lay-in 
fluorescent fixtures, indirect lighting 
strategies that more closely mimic 
daylighting were considered. The goal 
was to capture the energy, health, pro-
ductivity and quality benefits of these 
strategies without the high cost.

The new daylighting design needed 
to produce glare-free, uniform day-
lighting that was superior to the fluo-
rescent backup system two-thirds of 
the time. It also had to cost less than 
previous strategies. In comparing 
the cost of the various optional daylit 
classroom wing designs, the design 
team broke down the construction 
cost of every component in a typical 
wing design. Using detailed compo-
nent costs, each daylighting strategy 
option was compared to the conven-
tional, non-daylit designs (Figure 1).

innovative classroom design
The preferred daylighting design 
from the evaluation process features 
two south-facing clerestories that 
use curved, interior, translucent 
lightshelves that filter sunlight down 
and bounce the remaining light 
deep into the classroom. Indirect 
lighting complements the approach, 
and an underfloor air-distribution 
system provides superior indoor air 
quality and further reduces energy 
consumption. Highly reflective ceil-
ing tiles enhance the light being 
reflected deep into the space. 

This new approach to daylight-
ing was first at Northern Guilford 
Middle and also is now at Reedy Fork 
Elementary. The strategy requires 
40% less glass than typical side-lit 
solutions. Additionally, because of the 
20% visible light transmittance of the 
translucent panel used in the light-
shelf, glare is reduced and a soft light 
is well distributed within the space.

The curved translucent lightshelf 
provides light immediately under 
the lightshelf, bounces light back 
into the space, and diffuses the light. 
This allowed for glazing at the wall 
clerestory aperture with maximum 

building section. In Innovative 
Design’s previous daylit schools, 
south- and north-facing roof monitors 
were used. Although the energy 
performance is good, it was important 
to reduce first cost even more. 

Coupled with the daylighting, two 
other main drivers impacted the 
design. To improve air quality, an 
underfloor air-distribution system 
in combination with a variable air 
volume (VAV) mechanical system 
approach was considered. To imple-

curved, translucent lightshelves enhance daylighting in Reedy Fork’s science room.

s e c t i O n  t h r O u g h  c l a s s r O O m  w i n g



info.hotims.com/15939-6
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cavity spaces and eliminated several 
masonry courses. The underfloor 
strategy also eliminated scaffolding 
costs while easing the installation 
and coordination problems associ-
ated with overhead ductwork, plumb-
ing, electrical, and control wiring.

The single sloped ceiling improves 
reflectance back into the space and 
eliminated the roof monitor well 
cavity. Through the incorporation 
of an optimally sized daylighting 

strategy, the cooling peak loads are 
significantly less and chiller capacity 
is reduced. By implementing indi-
rect lighting, the ceiling cavity was 
reduced 6 in. to 8 in. The simpli-
fied construction framing of the roof 
assembly resulted in material and 
installation cost savings.

Another innovative daylighting 
strategy used in the classrooms is an 
interior dropped soffit that is situated 
to intentionally shade the projection 

visible light transmission. Daylighting 
performance improved, and the glass-
to-floor ratio fell below typical side-
lit solutions. The white single-ply 
roofing further reduced daylighting 
glass areas by increasing reflected 
light into the clerestory areas of the 
classrooms on the north side. 

The underfloor air-distribution 
system reduced the ceiling cavity by 
2 ft to 3 ft. This minimized high-end 
finishes on the exterior of the ceiling 

r a i n w at e r  h a r v e s t i n g

Both schools incorporate extensive rain-
water harvesting that is used primarily 
for toilet and urinal flushing. reedy Fork 
uses a 45,000 gallon underground tank to 
save 750,000 gallons annually, 94% of the 
school’s nonpotable water demand. 

At northern guilford middle school, the rainwa-
ter harvesting is only the beginning of a more 
holistic water cycle approach. The school’s 
sustainable cycle of water use is a unique 
feature and a lesson for the students in ecol-
ogy. rainwater is collected from the roof areas 
of the middle school and adjacent high school 
and stored in a centrally located 360,000 
gallon concrete cistern, the top of which also 
serves as a basketball court. The water stored 
in the top half of the tank is used primarily 

for toilet flushing at the middle school and 
high school and saves over 4 million gallons 
of potable water annually. given that no city 
water is at the site, the bottom half of the tank 
is kept in reserve for firefighting. 

from the toilets, the waste water from both 
the high school and middle school is directed 
to a plant-based treatment strategy that 
cleanses 30,000 gallons of wastewater per day. 
The treatment plant, called a living machine®, 
uses a hybrid horizontal flow wetland (HfW) and 
tidal flow wetland (TfW) system to treat up to 5 
million gallons of water annually. The HfW is an 
outdoor surface treatment area that removes 
Tss (total suspended solids), Bod (biochemical 
oxygen demand) and denitrifies the wastewa-
ter. The TfW is also outdoors and is partially 
underground. it consists of three cells that act 
in much the same way as a tidal wetland and is 
used to address nitrogen levels.

The water that comes out of the living 
machine® is distributed to a subsurface irriga-
tion system (that in itself requires 40% less 
water than conventional sprinkler systems) to 
irrigate ball fields at both the high school and 
middle school. The water strategy saves over 9 
million gallons of water per year and, after bor-
rowing the water twice, allows the water to seep 
into the aquifer below. not only is 90% of the 
water demand at northern guilford met through 
this sustainable strategy, but more than 5.7 
million gallons of water are exported to the 
adjacent high school. The environmentally 
sound, on-site treatment strategy costs less 
than other pretreatment strategies and helps 
to reduce the amount of nitrogen entering the 
watershed. it was pursued originally because 
no central sewer line existed within miles of the 
site and the cost of extending the city waste 
lines would have exceeded $4 million.
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design approach that addresses the 
roof assembly, indirect lighting, and 
underfloor air-distribution system 
cut the installed tonnage at Northern 
Guilford by 75 tons and at Reedy 
Fork by 60 tons. Through daylight-
ing simulations and DOE-2 analysis, 
it is predicted that daylighting will 
reduce the lighting energy by 49% 
at Reedy Fork and 50% at Northern 
Guilford. Because many of the 
school spaces are used well beyond 
typical school hours, the savings are 
greater and the return on investment 
is almost immediate.

Indirect fluorescent lighting, com-
patible with daylighting, is installed 
throughout both schools. The light-
ing is dimmable and controlled by 
an occupancy sensor and a photocell 
sensor that work in conjunction with 
the natural daylight to minimize the 
need for artificial light. In spaces 
only used during the day, such as 
classrooms, where 60 footcandles is 
desired, one-sixth of the initial light 
fixture cost was saved since daylight-
ing provides at least 10 footcandles 
even on the cloudiest day.

results
At both Northern Guilford Middle 
and Reedy Fork Elementary, day-
light is the primary source of light 
within all educational and admin-
istrative spaces during two-thirds 
of the school day. The daylighting 
strategies produce half the amount of 
heat as fluorescent fixtures providing 
the same amount of lighting.

Daylighting’s positive impact on 
cooling loads and the integrated 

l e s s O n s  l e a r n e d

in developing the daylighting strategy for 
northern guilford and reedy fork, the 
design team drew upon past experiences to 
avoid downfalls and maximize benefits. 

human Factors To prevent teachers and 
students from overriding the controls and 
turning on the lights, the norm needed 
to be superior lighting from daylighting. 
The goal was to achieve in excess of 50 
footcandles from daylighting for two-thirds 
of the school day. The design team did not 
count on view glass. Because low windows 
serve as good display areas, they were not 
considered for good daylighting. 

technical issues The design team focused 
primarily on south-facing glass. Passive heat-
ing benefits are important and south glazing 
requires 25% less glass area to achieve the 
same annual contribution as north-facing 
glazing. They also considered the limitations 
of interior lightshelves. Typical interior light-
shelves are flat and solid. since south-facing 
windows are difficult to control in terms of 
glare, the blinds on these windows are typi-
cally closed, resulting in darkness right under 
the lightshelf. 

control strategies indirect lighting created 
a lighting scheme that is visually consistent 
with daylighting. The design team found 
that indirect lighting, if not using daylighting, 
is useful in halls in place of lay-in fixtures 
which produce a glare and make the space 
seem brighter than the classrooms.

screen area and the television 
monitors without blocking views 
and without the need for operable 
clerestory window shading devices.

south-Facing roof monitors
Daylighting in the gymnasium, mul-
tipurpose and dining areas of the 
schools is provided by south-facing 
roof monitors with translucent fab-
ric baffles in the light wells. These 
features eliminate potential direct 
beam radiation, reduce glare, and 
effectively diffuse light throughout 
the spaces. Clear double glazing 
maximizes visible light transmittance 
and minimizes glass-to-floor ratio. 
Optimally sized overhangs above the 
monitor windows protect the spaces 
from direct light during peak cool-
ing periods. The monitor approach 
was used because of the large room 
dimensions and/or because the ceil-
ing cavity is the thickness of the 
roofing system. Therefore, the reflec-
tive losses associated with deep ceil-
ing cavities were eliminated. 

south-facing roof monitor with baffles in Northern Guilford’s gymnasium.
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experiential learning
Every sustainable feature at the 
schools is an opportunity to enhance 
experiential learning. The entry 
area at both schools features a 
sundial, which allows students to 
connect the seasonal change with 
the different positions of the earth 
and sun. A special sensory garden at 
Northern Guilford has been designed 
for challenged students, geared 
at stimulating the students with 
multiple sensory experiences. 

Interpretive signage is installed 
throughout the school buildings and 
sites, helping to educate students, 
staff, community and visitors about 
the sustainable features. At Northern 
Guilford, an LCD screen is installed in 
the main hall outside the administra-
tion office to educate visitors about the 
many benefits of the green campus.

Both schools incorporate real-
time monitoring of the sustainable 
design features. Students can use 
their computer monitoring systems 
to compare the performance of 
their systems to similar sustainable 
systems in other schools across the 
country and world. 

Linked into their classroom com-
puters, the students at Northern 
Guilford can see how their Living 
Machine®, constructed wetlands, 
solar hot water system, rainwater 
harvesting system, photovoltaic 
systems, and the weather station 
are performing. Energy, water, and 
nitrogen reductions are all monitored  
in real-time and monthly and weekly 
savings are compiled. The savings 
are instantaneously converted into 
energy and environmental savings 
including CO2 reduction. 

In the near future it is hoped 
that the students will be able to 

michael nicklas, fAiA, is president, 
cofounder and design principal at 
innovative design, inc., in raleigh, n.C. 
He served on the project committee of 
AsHrAe’s publication, Advanced Energy 
Design Guide for K–12 School Buildings: 
Achieving 30% Energy Savings Toward a 
Net Zero Energy Building. 

a B O u t  t h e  a u t h O r

Wall sundial near main entrance to Reedy Fork.

Bioswales and  
constructed wetlands
At Northern Guilford and Reedy 
Fork, bioretention swales and con-
structed wetlands capture all rainfall 
that does not fall on the roof areas, 
further minimizing nitrogen runoff 
before being discharged to the local 
streams and rivers. No storm water is 
discharged into local storm sewers. 

Special soils and a variety of 
aquatic plants such as Pickerel 
Weed, Soft Rush and Spike Rush 
reduce pollutants from the storm 
water, again returning clean water 
to the aquifer. Photovoltaic-driven 
aerators are used in constructed 
wetlands to move surface water and 
minimize mosquito problems. The 
wetlands at both schools are used 
as important parts of the school’s 
science curriculum, offering the 
students opportunities to study 
local ecosystems.  

sign explains photovoltaic system 
on Reedy Fork’s entry canopy.

bundle these CO2 savings and sell 
them through the Chicago Climate 
Exchange to states and other 
countries that have carbon trading 
mechanisms in place. Linking these 
systems and their performance to 
science curriculum gives students 
opportunities to learn through first-
hand experience. •
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