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Project Description

Situation:  A family of four (two adults, two pre-adolescent children) wants to build a sustainable homestead, which will be known as “The homestead”.  The family desires to be completely self-sufficient and retain a comfortable existence including electricity for some modern appliances and indoor plumbing.  It is assumed that the project begins pre-peak, indicating that transport costs are low and all devices and desired materials are easily accessible.

Need:  There is a need to have a homestead for our family that is completely self-sufficient and allows for a comfortable standard of living long into the future.
Acceptance Criteria:  
1) The homestead must provide at least 280 lpd of potable water  

2) The homestead must provide at least 8400 calories/day of food 

3) The homestead must provide at least 800 square feet of enclosed living space

4) The homestead must meet the first three criteria by 2009.

Goals and Objectives
Goal 1:  The homestead will have electricity.
Objective 1.1: The homestead will provide enough power for four people.


Objective 1.2: The homestead will use modern electrical appliances.

Goal 2:  The homestead will provide adequate water supplies.


Objective 2.1:  The homestead will provide indoor plumbing adequate for four people.

Objective 2.2:  The homestead will provide enough water to sustain four people.
Goal 3:  The homestead will grow its own food


Objective 3.1:  The homestead will produce enough food to sustain four people.

Goal 4:  The homestead will be safe for children.


Objective 4.1:  The homestead will be designed to minimize the danger to children.

Goal 5:  The homestead will provide shelter.

Objective 5.1:  The homestead will provide an enclosed shelter adequate for four people.

Goal 6:  The homestead will be sustainable.


Objective 6.1:  The homestead will use renewable resources at a rate that does not exceed their regeneration.

Objective 6.2:  The homestead will process all waste to a state where it can be safely returned to the environment.
Requirements

Section 1.0:  System-Level Homestead Requirements
1.1 Homestead Functional Requirements
1.1.1 Homestead Input Requirements
Weather-related requirements
1.1.1.1 The homestead shall withstand high-peak temperatures of less than or equal to 115˚F for 7 consecutive days without depletion of reserve resources.

1.1.1.2 The homestead shall withstand high-peak temperatures of less than or equal to 115˚F for 7 consecutive days with a minimum of damage.

1.1.1.3 The homestead shall withstand low-peak temperatures of greater than or equal -30˚F for 7 consecutive days without depletion of reserve resources.

1.1.1.4 The homestead shall withstand low-peak temperatures of greater than or equal -30˚F for 7 consecutive days with a minimum of damage.

1.1.1.5 The homestead shall withstand less than or equal to 4 feet of accumulated snow for 7 consecutive days without depletion of reserve resources.

1.1.1.6 The homestead shall withstand less than or equal to 4 feet of accumulated snow for 7 consecutive days with a minimum of damage.
1.1.1.7 The homestead shall withstand greater than or equal to 10 inches (equivalent) of precipitation per year without depletion of reserve resources.

1.1.1.8 The homestead shall withstand less than or equal to 50 inches (equivalent) of precipitation per year with a minimum of damage.

1.1.1.9 The homestead shall withstand sustained winds of less than or equal to 60 mph for 72 consecutive hours with a minimum of damage.
1.1.1.10 The homestead shall withstand greater than or equal to 140 Watts/square meter per year of solar input without depletion of reserve resources.

1.1.1.11 The homestead shall withstand greater than or equal to 21 consecutive days of minimal solar input (less than 60 Watts/square meter per year rate) without depletion of reserve resources.

1.1.1.12 The homestead shall withstand greater than or equal to 10 miles/hour per year of wind without depletion of reserve resources.

1.1.1.13 The homestead shall withstand greater than or equal to 21 consecutive days of minimal wind (less than 5 miles per hour per year rate) without depletion of reserve resources.

1.1.1.14 The homestead shall withstand variations in solar input of +/- 30%.

1.1.1.15 The homestead shall withstand 21 consecutive days without precipitation with a minimum of damage.

1.1.1.16 The homestead shall withstand 21 consecutive days without precipitation without depletion of reserve resources.
Entry requirements
1.1.1.17 The homestead shall withstand wildlife intrusions with a minimum of damage.

1.1.1.18 The homestead shall withstand human intrusions with a minimum of damage.

1.1.1.19 The homestead shall accept provisions and supplies from outside sources.
1.1.2 Homestead Output Requirements
1.1.2.1 The homestead shall provide no less than 280 lpd of indoor water.

1.1.2.2 The homestead shall provide no less than 14,000 lpd of water for food production.

1.1.2.3 The homestead shall provide no less than 10 kW of continuous electricity.

1.1.2.4 The homestead shall provide no less than 65 kWh of electrical power per day.

1.1.2.5 The homestead shall provide no less than 8400 calories of food per day.

1.1.2.6 The homestead shall provide no less than 1700 ft2 of living space.

1.1.2.7 The homestead shall provide shelter for no less than 4 people from tornadic winds (less than or equal to 350 mph).

1.1.2.8 The homestead shall allow transfer of provisions and supplies to outside recipients.
1.1.3 Homestead Interface Requirements
1.1.3.1 The homestead shall have a weight distribution less than the maximum supportive capability of the soil.
1.1.3.2 The homestead shall allow entry of automobiles.

1.1.3.3 The homestead shall allow entry of heavy trucks.

1.1.3.4 The homestead shall allow entry of livestock.

1.1.3.5 The homestead shall allow entry of pedestrians.

1.2 Homestead Non-Functional Requirements
1.2.1 Suitability Requirements
Maintainability Requirements
1.2.1.1 The homestead shall require no more than 40 person-hours/week for maintenance.

1.2.1.2 The homestead shall require no more than 1 year of training for an adult to reach proficiency in standard maintenance.

1.2.1.3 The homestead shall allow maintenance with a minimum of stress for the occupants.

1.2.1.4 The homestead shall allow maintenance using standard unpowered tools.

1.2.1.5 The homestead shall allow maintenance using replacement materials available no more than 10 miles away.
Testability Requirements
1.2.1.6 The homestead shall provide means to test repairs and new components without damage to the sub-systems.
Extensibility Requirements
1.2.1.7 The homestead shall include means for future expansion with a minimum of deconstruction.
Endurability
1.2.1.8 The homestead shall provide a 12-month supply of all items.
Security Requirements
1.2.1.9 The homestead shall alert the occupants when humans enter the property.
1.2.1.10 The homestead shall provide means for defense against intruders.
1.2.2 Physical Requirements
1.2.3 Technology Requirements
1.2.3.1 The homestead shall use technology with a Technology Readiness Level of 7 or greater (per NASA’s TRL definition).
1.2.4 Standards and Protocol Requirements
1.2.5 Cost Requirements
1.2.5.1 The homestead shall cost less than $100,000.
1.2.6 Schedule Requirements
1.2.6.1 The homestead shall be completed by 2009.
1.2.7 Sustainability Requirements
1.2.7.1 The homestead shall control soil erosion during construction.

1.2.7.2 The homestead shall increase average topsoil thickness every year.

1.2.7.3 The homestead shall increase average topsoil health every year.
1.2.8 Safety Requirements
1.2.8.1 The homestead shall have railings (per Spec XYZ) on all exposed stairways.
1.2.8.2 The homestead shall provide safety protection for all sharp corners per Spec ABC.
1.2.8.3 The homestead shall provide safety barriers (per Spec AAA) around all hazardous areas and devices.
Section 2.0:  Water Subsystem Requirements
2.1 Water System Functional Requirements
2.1.1 Water System Input Requirements
2.1.2 Water System Output Requirements
2.1.2.1 The water system shall provide potable tap water at 50 ˚F – 86 ˚F.

2.1.2.2 The water system shall provide potable tap water at 112 ˚F – 145 ˚F.

2.1.2.3 The water system shall remain above 40 ˚F at all points.
2.1.3 Water System Interface Requirements

2.2 Water System Non-Functional Requirements
2.2.1 Suitability Requirements
2.2.2 Physical Requirements
2.2.2.1 The water system shall provide a source shut-off mechanism.
2.2.3 Technology Requirements
2.2.4 Standards and Protocol Requirements
2.2.5 Cost Requirements
2.2.6 Schedule Requirements
2.2.7 Sustainability Requirements
2.2.8 Safety Requirements
Section 3.0:  Food Production Subsystem (FPS) Requirements
3.1 Food Production System Functional Requirements
3.1.1 Food Production System Input Requirements
3.1.1.1 The FPS shall accept treated grey water for crop production.

3.1.1.2 The FPS shall accept treated grey water for crop production.

3.1.1.3 The FPS shall use organic fertilizer for crop production.

3.1.1.4 The FPS shall use organic mulch for crop production.

3.1.1.5 The FPS shall treat plant and animal disease using non-toxic methods.
3.1.2 Food Production System Output Requirements
3.1.2.1 The FPS shall produce TBD lbs. of produce per year.

3.1.2.2 The FPS shall produce TBD lbs. of animal products per year.
3.1.3 Food Production System Interface Requirements
3.1.3.1 The FPS shall provide isolation from undesired wildlife per the Crop and Livestock Enclosure Specification.
3.1.3.2 The FPS shall collect plant and animal waste in a decomposition system.

3.2 Food Production System Non-Functional Requirements
3.2.1 Suitability Requirements
3.2.2 Physical Requirements
3.2.2.1 The FPS shall ensure all plants are within 3 feet of a walking point.

3.2.2.2 The FPS shall have walking paths at least 10 inches wide between garden sections.
3.2.3 Technology Requirements
3.2.3.1 The FPS shall treat plant and animal disease using locally available methods.
3.2.4 Standards and Protocol Requirements
3.2.5 Cost Requirements
3.2.6 Schedule Requirements
3.2.7 Sustainability Requirements
3.2.7.1 The FPS shall include no less than TBD crop species.

3.2.7.2 The FPS shall include no less than 2 varieties of each crop species.
3.2.8 Safety Requirements
3.2.8.1 The FPS shall provide child-proof locking mechanisms on all animal enclosures.

Section 4.0:  Energy Subsystem Requirements
4.1 Energy System Functional Requirements
4.1.1 Energy System Input Requirements
4.1.2 Energy System Output Requirements
4.1.3 Energy System Interface Requirements

4.2 Energy System Non-Functional Requirements
4.2.1 Suitability Requirements
4.2.2 Physical Requirements
4.2.3 Technology Requirements
4.2.4 Standards and Protocol Requirements
4.2.5 Cost Requirements
4.2.6 Schedule Requirements
4.2.7 Sustainability Requirements
4.2.8 Safety Requirements
4.2.8.1 The electrical system shall provide protection for electrical outlets per Spec AAA.
Section 5.0:  Structural Subsystem Requirements
5.1 Structural System Functional Requirements
5.1.1 Structural System Input Requirements
5.1.1.1 The structural system shall withstand high-peak temperatures of less than or equal to 115˚F for 7 consecutive days with a minimum of damage.

5.1.1.2 The structural system shall withstand low-peak temperature greater than or equal to -30˚F for 7 consecutive days.

5.1.1.3 The structural system shall withstand less than or equal to 4 feet of snow for 7 consecutive days.

5.1.1.4 The structural system shall withstand greater than or equal to 10 inches (equivalent) of precipitation per year.

5.1.1.5 The structural system shall withstand less than or equal to 50 inches (equivalent) of precipitation per year.

5.1.1.6 The structural system shall withstand sustained winds of less than or equal to 60 miles per hour for 72 consecutive hours.
5.1.2 Structural System Output Requirements
5.1.2.1 The structural system shall provide protection for not less than 4 people from tornadic winds (less than or equal to 350 miles per hour).

5.1.2.2 The structural system shall provide a location for storing a 12-months’ supply of food.

5.1.2.3 The structural system shall provide a location for storing a 6-months’ supply of food for livestock.
5.1.3 Structural System Interface Requirements
5.1.3.1 The structural system shall distribute structural load so as not to exceed the load-bearing capacity of the soil.

5.2 Structural System Non-Functional Requirements
5.2.1 Suitability Requirements
5.2.2 Physical Requirements
5.2.2.1 The structural system shall have an average effective insulation value of no less than R-30 for human living space.

5.2.2.2 The structural system shall minimize airflow through insulation.
5.2.3 Technology Requirements
5.2.4 Standards and Protocol Requirements
5.2.4.1 The structural system shall meet all applicable structural codes.
5.2.5 Cost Requirements
5.2.6 Schedule Requirements
5.2.7 Sustainability Requirements
5.2.7.1 The structural system shall provide soil erosion control measures during construction.

5.2.7.2 The structural system shall use recycled materials for construction wherever possible.
5.2.8 Safety Requirements
5.2.8.1 The structural system shall provide personal protective equipment per OSHA standards.

5.2.8.2 The structural system shall provide livestock enclosures per the Crop and Livestock Enclosure Specification.
