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building colder. Staff in the south-
east corner shut a row of blinds to 
control the glare, prompting the 
artificial lighting level to increase 
in this area along with its associated 
heat load. Local thermostats tell the 
zoned HVAC system how to respond 
as the system adjusts to the chang-
ing heating and cooling needs. 

As 200 guests arrive for a meet-
ing in the conference center, the 
CO2 sensors signal for more fresh 
air and the dampers adjust. The 
20°F air needs to be conditioned, 

H
igh performance green 
buildings are comprised 
of dynamic relation-
ships. Imagining them 

as an evolving ecosystem can be 
more instructive than thinking of 
them as a set of parts and pieces 
assembled into a machine. 

The “brain” of Great River 
Energy’s headquarters maintains 
system stability using building 
automation systems and real-time 
feedback loops communicating 
through a low voltage “nervous 

system” with hundreds of sensors 
monitoring temperature, CO2, occu-
pancy, lighting levels, equipment 
performance and more. 

For example, as the clouds begin to 
clear on a cold winter day, the artifi-
cial lighting system dims in response 
to the added sunlight, reducing the 
internal lighting heat load. At the 
same time, the passive solar gain 
increases along the south wall.

 With the insulating cloud cover 
gone, the outside temperature 
drops, making the north side of the 

Biomimicry solves human problems by looking at nature for solutions.  
At the headquarters of Great River Energy Coop, Minnesota’s second  
largest electricity provider, the computer-integrated lighting and 
HVAC systems influence each other, continuously adjusting with the 
ebb and flow of occupants, sun, wind and temperatures, forming a 
system that functions like a living body.

C A S E  S T U D Y
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increasing the demand for more 
heating energy from the heat pumps. 
However, this increased occupancy 
load brings its own heat load into the 
conference center and the system 
balances CO2 levels with dynamic 
temperature demands. 

A variable frequency drive responds 
by increasing the amount of fluids 
being pumped via the lake loop 
geoexchange. If this scenario occurs 
in early November when the lake 
temperature is cooling from its warm 
peak in August, less fluid will need 
to be pumped than if it occurs in late 
January when the fluid is cooler. 

The building makes these contin-
uous adjustments while using 40% 
less energy than a similar building 
(as determined by ENERGY STAR’s 
Target Finder), earning an ENERGY 
STAR rating of 90 and meeting the 
annual energy performance goals 
for LEED Platinum certification and 
the 2030 Challenge.

Lake Geothermal System
The Great River Energy office 
building and conference center 
delivers on energy performance due 
to an integrated design approach 
the team took to the architectural, 
mechanical and electrical systems. 

The building team sought to 
conserve energy with a geother-
mal heating and cooling system. 

Geothermal energy is transferred 
from man-made Arbor Lake via a 
closed loop exchange system using 
approximately 36 miles of poly-
ethylene tubing. The 6 acre lake 
behind the building was previously 
a gravel pit. 

This energy provides condenser 
water for both water-to-air and 
water-to-water heat pumps and 
chilled water to free cooling coils. 
Air is delivered to the interior 
spaces through fan-coil units dis-
charging into a pressurized floor 
with displacement ventilation dif-
fusers located in each space. 

Perimeter zones are heated and 
cooled with heat pumps delivering 
air through floor grilles along perim-
eter glazing. Outside air is precon-
ditioned with total energy recovery 
wheels to minimize mechanical 
heating and cooling.

Reducing Loads,  
Producing Energy
The building team further reduced 
building loads with an energy- 
efficient lighting design. Dimming 
ballasts, daylight sensors and 
motion sensors help reduce artifi-
cial lighting needs. The building 
harvests daylight via perimeter 
glazing, narrow office floor plates 
and multiple atriums with light 
scoops. 

G R E A T  R I V E R  E N E R G Y  H E A D Q U A R T E R S

B U I L D I N G  AT  A  G L A N C E

Name Great River Energy Headquarters

Location Maple Grove, Minn.
(15 miles NW of Minneapolis)

Owner Great River Energy

Principal Use Office
  Includes conference center, 

cafeteria and data center

Employees/Occupants 250

Occupancy 60%

Gross Square Footage 177, 385
 Conditioned Space 167,071

Distinctions/Awards 
LEED NC 2.2 Platinum (First LEED 
Platinum certified project in Minnesota)

AIA National Committee on the 
Environment Top Green Building 2009 

American Council of Engineering 
Companies (ACEC) Grand Award 2009

Society of American Registered 
Architects National Award 2010 

Good Green Design Award 2010, 
Chicago Athenaeum and European 
Centre for Architecture Art Design and 
Urban Studies

Total Cost $65 million all inclusive 
(land, hard costs + soft costs) 
 Cost Per Square Foot $275

Substantial Completion/Occupancy  
April 2008

Efficiency
Opposite  Great River Energy Headquarters’ 
narrow floor plan and east-west orientation 
maximizes daylighting. The ends of the 
building are capped with mostly solid walls 
to control east and west solar glare and 
heat gain.

This article was published in High Performing Buildings, Summer 2011. Copyright 2011 American Society of Heating, Refrigerating and Air-Conditioning 
Engineers, Inc. Posted at www.hpbmagazine.org. This article may not be copied and/or distributed electronically or in paper form without permission of ASHRAE. 
For more information about High Performing Buildings, visit www.hpbmagazine.org.
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A long east-west orientation of the 
building maximizes daylight harvest-
ing, while windows on the east and 
west walls are kept to a minimum to 
reduce unwanted solar heat gain.

With reduced lighting requirements, 
less heat is generated from lighting, 
reducing the need for air conditioning 

to evolve the design and eventually 
to optimize the real-world operations 
and overall system performance. 

Post-occupancy daylight mod-
eling was used to make minor 

to cool the building. High-efficiency 
fluorescent fixtures are used where 
artificial lighting is needed.

The 200 kW, 166 ft tall wind tur-
bine produces approximately 5% to 
10% of the building’s annual energy 
needs. A 72 kW photovoltaic array 
generates approximately 2% to 6% 
of the building’s energy needs. 

Design and Commissioning
The design process (see Living 
Design Process) used at Great River 
Energy started with setting perfor-
mance goals, establishing stake-
holder buy-in and running simple 
energy, daylighting and computa-
tional fluid dynamics (CFD) models. 
This was followed by additional 
rounds of modeling that were used 

Annual Energy Use Intensity (Site)  
61 kBtu/ft2

 Natural Gas 5 kBtu/ft2

  Electricity 56 kBtu/ft2 
(includes 6.5 kBtu/ft2 of renewable 
energy produced from on-site 
photovoltaic array and wind turbine)

Annual Source Energy 204 kBtu/ft2

Annual Energy Cost Index (ECI) $1.45/ft2

Annual Net Energy Use Intensity 
54.6 kBtu/ft2

ENERGY STAR Rating 90

Heating Degree Days 7,565 (base 65)

Cooling Degree Days 751 (base 65)

E N E R G Y  AT  A  G L A N C E

Above  Great River Energy Headquarters’ 
location across the street from a major 
mass transit hub allowed it to reduce the 
number of parking spaces by about half 
of what is required by zoning. Soil left over 
from excavation was used to sculpt the 
prairie mounds that anchor the building in 
space originally dedicated to parking.

Below  Great River Energy obtained a 
15-year-old wind turbine that was previ-
ously used in Denmark. It was converted 
to a single-speed machine to fit the lower 
wind speed of the Great River Energy site, 
trading off better performance at lower 
wind speeds for reduced higher wind speed 
potential. The turbine has multiple safety 
features including three methods for brak-
ing and dual ice sensors that automatically 
shut down the turbine if any measureable 
ice accumulates on the blades.

Annual Water Use 
Nov. 2009 – Sept. 2010

Potable Water (including cafeteria) 
1,945,000 gallons

Rainwater Used for Toilets 
250,000 gallons (No Potable Water)

Site Irrigation LEED Annual Baseline 
8,834,000 gallons 

Actual Irrigation Potable Water Use  
982,000 gallons or ~90% reduction

W AT E R  AT  A  G L A N C E
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Airtightness testing of homes has  
been around for more than 20 years. 
Various energy programs and 
fluctuating energy bills have provided 
homeowners an incentive to improve 
the airtightness of their homes. Energy 
tax credits can also be received by the 
homeowner but only if the house 
airtightness has been verified that it is 
less leaky after remodeling than before.

Efforts to make commercial 
buildings more energy efficient in the 
US has only recently been incorporated 
into various “green” initiatives. Tests of 
commercial buildings show that they 
tend to be more leaky than the average 
house, based on air leakage per square 
foot of surface area. That means that 
commercial buildings are less energy 
efficient than the average house.

To measure the actual airtightness 
of a large building means more air is 
needed to maintain a reasonable test 
pressure. The Energy Conservatory, a 
leader in airtightness testing, has kits 
available to directly measure more than 
18,000 cubic feet per minute of air
leakage. Multiple kits and fans can 
be used simultaneously to generate 

more air for accurate and reliable 
measurements of air leakage for testing 
before and after retrofitting.

For more information on multi-fan 
systems, contact:
The Energy Conservatory
612-827-1117 or visit our website at 
www.energyconservatory.com

Where’s the Leak?
What’s the best way to: measure the
airtightness level of building envelopes; diagnose 
and demonstrate air leakage problems; estimate 

Minneapolis 
Blower Door™

the best designed and supported airtightness 
Minneapolis 

Blower Door

FEATURES:
 Precision Engineered, Calibrated Fan

 Accurate, Powerful 2 Channel Digital  

  Pressure and Flow Gauge

 Lightweight, Durable Aluminum Door
  Frame and Fabric Panel

Download product pdfs at

      www.energyconservatory.com
Contact us at

     612.827.1117

Diagnostic Tools to Measure Building Performance

The Minneapolis Blower Door

Airtightness Testing
Not Just for Homes Anymore

HPB.hotims.com/33328-15
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greatly based on a range of variables, 
including the energy modeling soft-
ware potential. The development of 
modeling software follows practice; 
in other words, modeling innovative 
design solutions typically requires 
exceptional calculations that are not 
as tried and true as more conven-
tional solutions.

Determining Great River Energy’s 
proposed heating demand com-
bined two inherently challenging 
predictions for energy modelers 
and engineers: a lake geoexchange 
heat pump system and an under-
floor, low-velocity displacement 

adjustments to sun control. The 
energy model was ultimately used 
to check the building’s actual per-
formance against its designed (pro-
posed), built and future potential. 

While this case study compares the 
proposed performance to the actual 
performance (Table 1), it is important 
to recognize that the accuracy of 
the proposed energy model can vary 

L I V I N G  D E S I G N  P R O C E S S

In an ecologically inspired living design 
process, the design, construction, oper-
ations, occupants and building evolve 
together over time. In some ways, the 
building is never complete because the 
design process extends beyond the 
point of construction and occupancy, 
providing opportunities to make minor, 
but important, physical adjustments to 
improve building performance.

Buildings need a living design pro-
cess because, unlike cars or airplanes 
that go through extensive field testing 
before their final designs are manufac-
tured, most buildings are one-of-a-kind 
prototypes. Therefore, the only way to 
work out the inevitable bugs is to run 
them for awhile, see how they behave 
and make adjustments. To fine-tune 
a building and make it perform at its 
best, the building needs to be com-
pleted and occupied with real people, 
real equipment, real weather and a real 
operating schedule.

Accepting that building designs are 
unlikely to be perfect on paper or 
as initially constructed is a crucial 
paradigm shift in thinking about the 
design, delivery and operations of high 
performance buildings. This requires 
rethinking conventional contracts, fee 
structures and expectations. 

Information delivered through ongoing 
feedback loops during both design and 
occupancy is an essential part of the 
evolutionary life cycle of high perfor-
mance buildings. 

Natural light fills the building, providing 25 
footcandles or more of daylighting to 85% of 
the occupied space. Clerestory windows wrap 
around the top of the atrium. Angled reflec-
tors on the atrium ceiling bounce light from 
the white roof downward into the building. 
Approximately 15,000 visitors have toured the 
building since its grand opening in April 2008.

The elevated Willow Conference Room 
above the lobby is supported by a single 
cast-in-place concrete column. The building 
team reduced the environmental impact 
of the concrete frame building by replac-
ing 45% of the Portland cement with fly 
ash from Great River Energy’s Coal Creek 
Station. Fly ash is similar to the pozzalona 
used in Roman construction. 
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lighting energy were less than antic-
ipated, reducing internal heat loads 
and increasing heating demand. 

The actual energy used for heating 
exceeded the predictions by about 
3 kBtu/ft2, or 30%. While this may 
seem like a significant difference, 

ventilation system. This design 
created the need for extensive 
exceptional calculations, testing 
the boundaries of the energy model. 
The gap between proposed and 
actual heating energy was compli-
cated further because plug load and 

L A K E  C O O L I N G  S C H E M AT I C

Makeup 
Air Unit

Exhaust

Outside Air

Water
to
Water
Heat
Pump

“Free
Cooling”

Fan
Coil

Heat
Pump

In Floor
Diffuser

Building

Plenum Space

86.0
82.7

Degrees F

50.0

59.8
56.5

66.4
63.1

72.9
69.6

79.5
76.2

Above  Variable speed pumps in the mechan-
ical room move on average over 1,700 gal-
lons per minute of heat transfer fluid (HTF) 
between the lake and the building. Heat is 
transferred to the lake in summer and from 
the lake in winter.  The HTF is a 20% propyl-
ene glycol and water solution, which is non-
toxic, biodegradable, and FDA approved. 

Right  This stormwater infiltration pond 
serves the surrounding area. Great River 
Energy minimized paved areas and 
increased landscaped areas, helping to 
reduce stormwater runoff by more than 
25%. Collected rainwater is filtered and 
used in toilets and urinals, helping to reduce 
potable water use by more than 85%.

A lake geothermal heat pump system is coupled with 
underfloor displacement ventilation to provide an efficient,  
all electric heating and cooling system for the building. 
Thermal modeling of lake indicated minimal impact on water 
temperature.
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when weighed against the total energy 
use of an average similar building, it 
represents only 3% of the total energy 
use. In this case, measuring and 
trending the building’s actual perfor-
mance data has created a large-scale 
feedback loop for those involved, 
informing the accuracy of future 
engineering and energy modeling for 
projects using lake geothermal and 
underfloor displacement systems.

Roof 
Type White thermoplastic polyolefin (TPO) 
Overall R-value R-30
Reflectivity SRI less than 29

Walls 
Type Curtain wall and precast panel 
Overall R-value R-12
Glazing Percentage Window to Floor 
Area Ratio 15.7%
Window to Wall Area Ratio 37.6%

Windows  
Main Vision Glass Viracon VE2-2M 
 U-value:  
 Winter Nighttime 0.29 Btu
 Summer Daytime 0.26 Btu
  Solar Heat Gain Coefficient (SHGC) 0.31

Visual Transmittance 60%

Vision Glass w /Frit Viracon VE2-2M 
40% solid dot screen 
 U-value:  
 Winter Nighttime 0.29 Btu
 Summer Daytime 0.26 Btu
  Solar Heat Gain Coefficient (SHGC) 0.23

Visual Transmittance 41%

Location
Latitude 45°05’
Orientation Long east-west axis

B U I L D I N G  E N V E L O P E

Above  Work areas are clustered into 
“neighborhoods” in the open office space, 
offering a sense of space and intimacy. 
Medium height workstation side panels 
provide daylight penetration while glaz-
ing on both sides of closed offices allows 
light to spill through. Pendant lighting runs 
parallel to the exterior glass, allowing the 
lighting to dim without visible staggering 
of light levels. 

Below  In-floor diffusers served by a pres-
surized underfloor plenum are visible in 
this view of the boardroom. Displacement 
ventilation delivered at very low velocity 
provides improved air quality, increasing 
the fresh air available to the breathing 
zone by 20% with no energy penalty.
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Ongoing Commissioning 
A two-year ongoing commission-
ing, measurement and verification 
process started two months after 
building occupancy in June 2008. 
Operating a high performance 
building requires good trending 
data and metering, so the first ongo-
ing commissioning exercise focused 
on vetting the building’s measure-
ment systems. This was followed by 

Closing the Performance Gap
Due to a lack of post-occupancy com-
missioning and adjustments, many 
buildings do not perform as intended 
and they tend to drift even further 
from performance goals over time. 
However, Great River Energy demon-
strates that a building can perform as 
intended and improve further. 

The work performed after occu-
pancy incrementally brought the 

a seven-month cycle of ongoing sys-
tems commissioning that extended 
across late summer, fall, winter and 
early spring. 

System adjustments involved tin-
kering with the sequence of opera-
tions and equipment schedules, re-
calibrating equipment and making 
physical amendments to remedy 
system anomalies while maintaining 
comfort and efficiency. 

P O S T - C O N S T R U C T I O N  C H A N G E S  P R I O R  T O  T H E  M E A S U R E M E N T  P E R I O D

Meter Indexing and Function The building 
team discovered several of the building’s 46 
meters were indexing incorrectly, and oth-
ers were not functioning correctly. Although 
the meters were not included in the com-
missioning, the team studied the metered 
data, the total energy use and the shapes of 
the graphs. With this information, the team 
identified meters that produced unexpected 
results and troubleshot the problems. 

Perimeter Heat Pump Operations Data 
from the building automation system (BAS) 
indicated that the heat pumps serving the 
perimeter were not operating correctly. The 
building team discovered a problem with 
the interface between the packaged con-
trols and the BAS. Correcting this interface 
improved control comfort in those zones 
and reduced energy use by preventing the 
overcooling that was occurring.

Cold Day Lake Loop Flow Increase On cold 
days, the heat pumps tended to trip out 
during morning warm-up. Modifications to 
the pump operation increased the flow rate 
during cold periods, while maintaining lower 
flow rates at other times of the year. This 
optimization allows for successful operation 
during the heating season while minimizing 
pumping energy the remainder of the year.

Demand Management Trending data 
illustrated a significant spike in electrical 
demand in the mornings. The annual peak 
demand occurred on cold winter mornings 
due to the overnight building temperature 
setback, which was selected to reduce 
energy consumption. Rather than sacri-
fice energy savings gained from the night 
setback, the start-up schedule for the 
heat pumps was staggered to minimize 
peak demand. 

Multiple Iterative Adjustments Multiple 
small, iterative adjustments to operating 
sequences, equipment schedules and equip-
ment calibrations occurred during the 12 
months prior to the measurement period.

Power Factor Impacted by On-site Wind 
Turbine The wind turbine’s performance 
depends on wind resources, and requires a 
minimum wind speed to generate electricity, 
leading to volatile performance from month 
to month. Since Great River Energy oper-
ates wind turbines as part of its generation 
portfolio, this volatility was expected. 

However, after several months of opera-
tion, the team determined that the turbine 
was partly responsible for the building’s 
lagging power factor, a measurement of a 
facility’s power efficiency. Capacitance was 
added to the turbine to improve its perfor-
mance as part of the overall system.

F U T U R E  R E F I N E M E N T S

Expanding Free Cooling Capacity Great 
River Energy continues to monitor building 
energy use and improve performance. As of 
spring 2011, the facilities team was in the 
final stages of installing free cooling capac-
ity on some of the perimeter heat pumps. 

This was researched during the design 
phase, but not implemented because an 
analysis indicated a high first cost with 
extended payback. However, Great River 
Energy significantly improved the payback 
equation by performing much of the work 
themselves, and by only implementing this 
strategy on the south exposure, which needs 
more cooling due to passive solar heat gain. 

In Minnesota, the cold climate makes the 
passive gain a net energy benefit for this 
building. 

More significantly, the measurement and 
verification process also revealed that the 
building can rely on far more free cooling 
hours from the lake than was originally antici-
pated. The design team modeled the lake per-
formance conservatively because the amount 
of groundwater passing through the lake was 
not known. Three years of data indicate sig-
nificant groundwater infiltration, providing cold 
lake temperatures capable of supporting free 
cooling between October and June.

Turbine Blade Pitch The facilities team will 
review the turbine blade pitch and consider 
making adjustments based on the wind 
speed data collected from the turbine over 
the past 2.5 years.

Reduce Exterior Lighting Security protocol 
will be reviewed to determine whether 
additional exterior lighting can be reduced 
after midnight.
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Specific energy reductions due to 
individual adjustments made in the 
post-construction period cannot be 
easily quantified. This is because 
each adjustment was incremental, 
and since many were made in the 
first year of operation, a previous 
year of fine grain metered data was 
not available to compare against. 

building in line with anticipated 
performance, showing a consistent 
downward trend in energy use 
that continues to be maintained 
(see Graph 1). This stands in stark 
contrast with common building per-
formance in which building perfor-
mance declines with time as energy 
usage consistently trends upward. 

G R A P H  1  2 - Y E A R  E N E R G Y  U S E  C O M PA R I S O N  ( K B T U / F T 2)

Post-occupancy commissioning is an important part of bringing green buildings up to their full per-
formance potential. Graph 1 shows the performance gap between the anticipated design potential 
(Proposed) and the built potential (Actual) closing after incremental adjustments to the building’s 
systems were completed by the design and facilities team over the course of about 12 months. 

As a first step, the building’s trending meters were commissioned to confirm their accuracy. 
During the Ongoing Cx (commissioning) phase, trending data from the meters was compared to 
the design phase energy model as a way to identify areas for improvement. Targeted adjustments 
were made primarily to the sequence of operations and to equipment settings to incrementally 
reduce building energy use while maintaining and improving occupant comfort. 

During the 12-month Measured Performance Period, most adjustments were stopped and trend-
ing data was collected monthly. During the final verification phase, the building performance was 
compared to the utility bills and a calibrated energy model reflecting the real-time weather and 
operating conditions of the building. All were within 1% of each other.

 Code   Actual   Proposed  (Code = ASHRAE/IESNA Standard 90.1-2004)
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Water Conservation 
Rainwater used to flush toilets,  
drought-tolerant native landscaping, 
low-flow fixtures

Materials  
Fly ash used to replace 45% of Portland 
cement; Forest Stewardship Council 
(FSC) certified wood throughout includ-
ing formwork; locally sourced agrifiber 
substrates for all millwork

Daylighting
More than 85% of occupied space 
receives at least 25 footcandles and 
more than 90% of occupied space has 
views to the outdoors

Individual Controls 
Raised access floor with manual  
control diffusers 

Other Major Sustainable Features
Increased ventilation effectiveness 

using displacement ventilation 
Site was recovered from a previous 

gravel pit 
Native and adapted landscaping used 

to restore the site’s limited vegeta-
tion cover

KEY SUSTAINABLE FEATURES

Above  This view of the north elevation of 
Great River Energy Headquarters Building 
includes the wind turbine to the left. In the 
foreground is the man-made Arbor Lake, 
which supports the geoexchange heat pump 
system. The site was formerly a gravel pit.

Left  The building is designed to take 
advantage of natural daylight using lightly 
tinted glazing with specularly selective 
glass coatings. Multiple glass types and frit 
patterns were explored through the energy 
model to find the right balance between 
solar control and visual clarity. Frit patterns 
vary on different elevations.
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To identify areas for improve-
ment, metered energy consumption 
was broken down into the design 
phase energy modeling categories 
and compared against the proposed 
results. This comparison offered a 
way to identify areas where energy 
performance could clearly be 
improved, which resulted in the 
consistent decline of energy use in 
the building. 

Calibrating Energy Models
For Great River Energy, the design 
phase energy model was updated 
with actual weather data, equipment 
schedules, plug loads and other real 
world post-occupancy information 
to match the measurement period 
between April 2009 and March 
2010, creating a calibrated energy 
model shell. 

Once the first cycle of ongoing com-
missioning was complete in April 
2009 and the building was operating 
close to its built potential, the individ-
ual line items in the calibrated model 

Above  A 20,000 gallon cistern collects rain 
and snowmelt from the roof. The water is 
filtered, sanitized with hydrogen peroxide and 
used to flush toilets. Dual flush-o-meters allow 
users to select the amount of water needed. 
In 2010 the building used no potable water 
for flushing toilets and 25% less for sinks, sav-
ing up to 300,000 gallons each year.

Top  A 72 kW array of photovoltaic panels on 
the roof and on the racks in front of the build-
ing provide about 108,000 kWh of electricity 
annually, or about 3% of the energy demand.

Proposed Actual Next Steps 

Designed  
Potential + 

Modeled  
Potential3

Built  
Potential + 
Ongoing Cx 

Built  
 Potential +  

Future 
Refinements 

Lights 9.8 6.8 6.6

Domestic Hot Water 1 1 1

Fans/Pumps 13.3 14.6 14.1

Cooling 4.4 4.9 4.7

Heating 5.1 7.8 7.5

Equipment 26.4 26.2 25.4

Building + Equipment  
Energy Use Intensity (Site)1 60 61 59

On-site Wind Energy2 – 7.6 – 4.3 – 5.7

On-site Photovoltaic Energy2 – 2.2 – 2.2 – 2.2

Annual Net Energy Use Intensity (Site) 
Power Grid Sourced Energy less On-site Renewables 

50.2 54.6 51.4

State Required Grid Provided Renewable Energy – 0.3 – 0.3 – 0.3

Purchased Renewable Energy Credits (RECs) – 21 – 21 – 21

Annual Net Nonrenewable Energy Use (Site)  
Power Grid Sourced Energy  

less all Renewable Energy + RECs

28.9 33.3 30.1

TABLE  1   ENERGY  USE :  DES IGNED, ACTUAL , FUTURE  GOALS 

( KBTU/FT 2 ·  YR ) 

1 Actual metered and trended data April 2009 – March 2010
2  Actual metered and trended data for on-site renewable energy April 2008 – March 2009; 

data distorted after April 2009 and not used due to turbine mechanical issues
3  Building Energy Modeling — The Weidt Group 

The project’s anticipated (proposed) energy use, which was established during design, is 
compared with the actual metered performance and the anticipated results of next step refine-
ments. On-site wind and solar energy are shown as a negative values indicating that they are 
subtracted from the building’s energy use intensity to arrive at the net energy use intensity. 

The final tabulation shows the project’s net nonrenewable energy use intensity, subtracting 
both on-site renewable energy and grid-sourced renewable energy purchased through renew-
able energy credits or provided by state mandates. 

The wind turbine’s 2007 installed cost was $948,000 with no incentives. The photovoltaic 
panel’s 2007 installed cost was $1.2 million with no incentives.
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shell were adjusted up or down to 
align with the measured performance 
period’s actual trending data. 

The operating profile of the final 
calibrated model closely tracked 
both the actual metered data and 
the monthly utility bills. The results 
from the calibrated model were then 
compared to the proposed design 
phase model confirming that the 
overall building performance was 
aligned with project expectations 
and its designed potential (Table 1). 

The calibrated model, run again 
with average weather data for the 
previous five years, will be used going 
forward as the baseline to analyze 
building performance during the next 
cycle of ongoing commissioning. The 
next cycle could last for several years 
until the building use and demands 
evolve enough to require another 
recalibration of the energy model.

Although overall building perfor-
mance closely matched the model, the 
proposed and actual loads differed for 
hard to quantify items such as plug 
loads in office areas, a computer room, 
data closets and the kitchen (Table 1). 
Trending data shows extended hours 
for lighting caused by cleaning crews 
and staff working after hours. These 
discoveries required modifications to 
the model and sparked consideration 
of alternative approaches to cleaning 
and energy efficient options for oper-
ating servers in the computer room.

The Great River Energy building 
continues to evolve. By treating the 
building as a living body and care-
fully monitoring its vital signs with 
ongoing commissioning, the actual 
performance is expected to improve 
or maintain a high level of energy 
efficiency throughout the build-
ing’s lifetime. •
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L E S S O N S  L E A R N E D

Early integration of systems, not just coordi-
nation between disciplines, is essential to 
achieving performance and providing a cost-
effective design solution. 
Start the process of integrating systems 
early in the design process. Architects 
and engineers should organize the build-
ing as a whole, interactive system, not as 
a collection of spatially coordinated parts 
and pieces. Architects can use their spa-
tial organizing skills to assist engineers 
in laying out systems that are effectively 
integrated with the architectural systems. 
Engineers can assist architects by proac-
tively providing system scenarios early in 
the design process and providing perfor-
mance predictions. 

Plan to perform ongoing commissioning 
after occupancy to bring the building’s per-
formance in line with expectations.
The Great River Energy project includes 
multiple dynamic systems that affect one 
another. For example, as the lake tempera-
ture cools, it increases the efficiency of 
heat pumps that are used for cooling and 
allows for free cooling, but at the same 

time decreases the efficiency of heat 
pumps that are used for heating. Using 
trending data that extended across time, 
weather and occupant use patterns was the 
only way to optimize performance.

Predicting performance can be challenging.
It’s hard to closely predict the performance 
of every system due to the interplay between 
modeling accuracy, equipment performance, 
weather and operations. 

Wind Turbine Example: Due to the project’s 
suburban location and ground clutter of 
surrounding buildings, the team chose to 
do a wind tunnel study to predict the on-site 
wind turbine performance. There was no 
known precedent for testing conventional 
wind turbine performance for urban loca-
tions, so the team developed its own meth-
odology for using a wind tunnel to model 
performance. 

The Great River Energy wind turbine is a 
used machine that is about 15 years old. 
When it was moved from its original high 
speed wind location in Demark, it was recon-
ditioned to fit the lower wind speed of the 

Great River Energy site by converting it to 
a single-speed machine, trading better per-
formance at lower wind speeds for reduced 
higher wind speed potential. The unique 
site conditions and the results of modifica-
tions ultimately proved to be very difficult to 
predict. 

Original wind tunnel modeling was based 
on a new machine with a tower that was 6 
m (20 ft) taller and used the latest technol-
ogies, offering better performance. Revised 
modeling based on the shorter, recondi-
tioned NEG Micon 750 was completed and 
the predicted generation was reduced by 
about 10%. 

During the measurement period, the 
machine produced about 60% of its pre-
dicted generation, indicating that predic-
tions were high or that adjustments are 
needed. One adjustment being considered 
is changing the blade pitch, which can have 
a significant effect on performance. Also, 
average wind speed was down across the 
Midwest during part of the measurement 
period, resulting in reduced output.
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