
Water-Wastewater-Energy-Building-Landscape System:
The built-site integrates water-wastewater, energy, building, and landscape systems with each other and with the site’s regenerative systems.  Phase I constructed the building and greenhouse components of this inte-
grated water-wastewater-energy-building-landscape system.  Phase II completes these and the project’s living and regenerative systems that process wastewater, clean the air, and enhance building thermal comfort.

Water-Wastewater Sub-System
Water is harvested, stored, transported, used, combined with wastewater from the existing farm-
house, regenerated (greenhouse solar aquatic system; constructed wetlands) and discharged in at 
least the quality harvested.  Quality will be monitored at point of harvest, prior to regeneration, and 
point of discharge to the prairie.

Energy Sub-System
The project’s active technologies integrate roof solar voltaic panels, a geothermal heating system, 
and a composting water heating system to expand learning, research and demonstration about 
available technologies.  Its passive technologies include natural ventilation, solar performance, and 
thermal efficiency.

Building Sub-System
The building includes earth-plastered strawbale walls, wood floor and roof framing, fly-ash concrete 
greenhouse floor, wood windows, glass greenhouse walls, and applied surfaces on walls, floor, and 
ceiling.  It is energy-efficient due to strawbale walls, building orientation and proportions, roof over-
hang proportions, and greenhouse floor mass.

Landscape Sub-System
The regenerative landscape includes prairie, bioswales, constructed wetlands, solar aquatic 
system (biological treatment), and food production.  This landscape that produces food, regener-
ates the quality of runoff and wastewater from the existing farmstead, and provides a series of out-
door “classrooms”, will be constructed in Phase II of this project.
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ENHANCED SUSTAINABILITY THROUGH STRAW-BALE CONTRUCTION
EDUCATION-RESEARCH BUILDING DEMONSTRATING HOW TO LIVE SUSTAINABLY IN THE MIDWEST

This project educates people to change their perception of built environ-
ments and P3 relationships.  Phase I included design of the learning module 
as a built-site (building and landscape) integrated into the site’s regenerative 
systems.  It included construction of the building.  Phase II will complete the 
regenerative systems that integrate with site systems.  It will implement 
monitoring, assess built-site performance, and implement and assess the 
educational programs.

Abstract:

Challenges Defined
We have ignored system dynamics and thereby created a human-dominated 
ecosystem that is degrading rapidly, including climate change. Since 48% of 
climate change is due to buildings, this project addresses this challenge by 
implementing ecobalance designTM education, research, and demonstra-
tion.  It promotes carbon-balance; and looks beyond carbon to implement 
eco-balance for a sustainable future. 

Built Site as Regenerative System
This project provides immersive learning, research and demonstration expe-
riences in built-sites as integral parts of regenerative systems.  It implements 
resource balance site management and ecobalance designTM (system 
health and productivity as high, or higher, after design implementation than 
before) .  It educates students to envision the future, model future perfor-
mance, implement that future, monitor actual performance and impacts, and 
compare modeled and monitored performance to better understand ecobal-
ance designTM.

Resource Balance  
� Management  Model

Phase I included four assessments: LEED, community acceptance, institu-
tional changes in P3 perception and behaviors, and individual changes P3 
perception and behaviors.  

Project Assessment:

LEED Assessment
LEED is the leading green building certification program.  While certification 
occurs through a formal process after a building has been used, Phase I in-
cluded informal assessment by three LEED-accredited professionals 
(CERES Director; and project Co-P.I.s).  Although the project was not de-
signed with accreditation in mind, this assessment indicates it would likely 
receive the second highest LEED Gold rating.

42PTS=LEED GOLD
MATERIALS & RESOURCES��   9pts

WATER EFFICIENCY��                  5pts

ENERGY & ATMOSPHERE              14pts

INNOVATION & DESIGN PROCESS       1pts

SUSTAINABLE SITES                       7pts

INDOOR ENVIRO. QUALITY            6pts

-Divert 75% of construct. waste from disposal
-Material reuse 10%
-20% regional materials
-Rapidly renewable resources
-Resource Reuse

-Innovative wastewtr technology
-Water efficient landscaping: No irrig.
-Reduce water use by 30%

-42% Improvement of energy perform.
-20% Renewable energy
-Additional Commissioning

-LEED accredited designer

-Stormwater design: Qual.&Quan.
-Stormwater design: treatment
-Reduced Site Disturbance:Footprint
-Protect or restore habitat
-Site selection
-Light pollution reduction

-Chemical & Pollutant Soucre Control
-Low emiting materials.
-Controllability of systems
-Daylight & Views

Community Acceptance
Indicators of community acceptance include module selection as one (of 
two) fieldtrips of the First Annual Living Lightly Fair (anticipated to draw 1500 
people); and its inclusion in the 7th Greening of the Campus national confer-
ence.

Institutional Changes
The carbon-neutral module has been used to: 1) help landscape architec-
ture adopt the 2010 Initiative, 2) encourage the university to manage the 
LandLab as a carbon-neutral design site, and 3) encourage COTE to recom-
mend the university adopt the 2030 °Challenge of carbon neutrality by 2030 
(current motion). 

Individual Changes
The project is also encouraging changes in individual P3 behavior (62% of 
students in the class that designed the built-site systems signed a pledge to 
reduce the fossil fuel consumption of their designs, compared to 20% of stu-
dents overall in the College of Architecture and Planning).

P3 Perception & Behaviors

P3 Perception & Behaviors

TOTAL            � � � �         42pts

A-15

First Generation EFS Leadership
BSU History of Sustainable Leadership:
BSU’s first generation of Education for Sus-
tainability (EFS) leadership included creating 
the Center for Energy Research, Education 
and Service (CERES), CERES Research Fel-
lows, the Green Committee, the Greening of 
the Campus Conference series, the Cluster of 
Interdepartmental Minors in Sustainability, 
and the Land Design Institute (LDI).  

Second Generation EFS Leadership
BSU’s second EFS generation included signing 
the Talloires Declaration of universities commit-
ted to sustainability and committing to lead the 
communities BSU serves to sustainability.  It in-
cluded the Green2 Committee, Council of the 
Environment, LDI networking with global and 
U.S. landlabs, FSEEC, and the proposed Land-
Lab and resource balance site management 
system.

Third Generation EFS Leadership
BSU is taking its EFS leadership into a third 
generation by signing the Presidents Climate 
Commitment to attain carbon neutrality, devel-
oping the sustainability dimension of its Strate-
gic Plan, implementing this P3 Award as pilot 
project of the LandLab, resource balance site 
management system, and ecobalance 
designTM program; and moving toward adop-
tion of The 2010 Initiative and The 2030 Chal-
lenge.

This module advances BSU’s sustainability leadership and offers opportunities to teach, re-
search, and demonstrate ecobalance integration with systems and life cycles.  It functions 

as a global P3 learning module.  It shows people how to live sustainably in the Midwest; and 
helps BSU translate sustainability into a regional agenda and implement resource balance site 

management and ecobalance designTM education, research, and demonstration.  As its first 
carbon neutral project, it builds university commitment to The 2030 Challenge and The 2010 

Initiative.  It helps Ball State innovate design education to build P3 relationships and a sustain-
able future.  Most importantly, it helps BSU and the communities it serves see “beyond car-

bon” to address system breakdown and a world that is severely out of balance.

Conclusions

Ecobalance Modeling
Phase I included STELLA modeling (system dynamics software) of water balance through life 
cycles of harvesting, processing, use and regeneration.  Phase II will extend ecobalance mod-
eling to other Indicators; and implement a program of comparing anticipated performance 
(STELLA) with real performance (site monitoring) to better understand ecobalance decisions. 
Since STELLA (environmental and social) and iThink (economic) are the same software, this 
provides opportunity to model all three dimensions of the triple bottom line.  

Landlab Sustainability Networking
Global Networking
LDI is building its global EFS network of sustainability part-
ners including landlabs in different bioregions sharing infor-
mation of how to live sustainably in that bioregion. 

This project takes advantage of the Land Design Institute’s (LDI) growing network of international sustainability partners and the BSU 
Global Media Network’s cost-free videoconferencing with BSU partners. 

U.S. Network
The LDI is also the Midwest member of a network of re-
gional institutes that translate the national desire for sus-
tainability into regional agenda. 
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TREES
Amount sequestered varies by species 

STRAW BALES 
200 bales= 10,000 lbS straw = 4700 lbs CO2

WOOD CONSTRUCTION 
Amount sequestered varies 

WETLAND PLANTS
Amount varies by species 

MUD PAVERS 
Mud-dried Pavers used for plaza
and walking trails 

PASSIVE ENERGY 
Efficient building design to
allow for low-active energy use 

GLAZING 
Reused and refurbished windows 

PEOPLE
3 (yearly) 2168 lbs. CO2

CONCRETE
3 CY; 630 lbs CO2 released per CY = 1890 lbs. 

METALS
Screws & Nails: 10 lbs @ 1.6 lbs. CO2 per lb = 
160 lbs. total released 

Metal Roofing: 12- 4X8 sheets @ 30 lbs = 360 
lbs (163 kg) releases 946.8 lbs CO2

CARBON
NEUTRAL

SEQUESTERED
   6705 LBS 

Not including wood 
construction, trees
and woodland plants 

RELEASED
  5133 lbs 
Not including 
plumbing (pipes, 
drains, etc.) 
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Carbon Balance
Phase I also assessed the balance of 
carbon outgassed and carbon sequestered, 
based on weights and types of materials.  
Carbon-balance was computed in two ways:  
numbers were generated and balanced; and 
CO2 intensity ratios (CMPBS) were gener-
ated and balanced.  

Regeneration

Extraction

Transport

Processing

Distribution

Use/Reuse

Energy
Dollars

Information

Energy Use Modeling
Phase I included Energy 10 modeling of energy performance 
that revealed the building consumed half the energy of the 
conventional base building.  


