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Bay-Friendly Landscaping Practices

1.  Landscape Locally
2.  Landscape for less to the Landfill
3.	 Nurture the Soil
4.  Conserve Water
5.	 Conserve Energy
6.	 Protect Water & Air Quality
7. 	Create Wildlife Habitat



The Strategy of Ecosystem Development  
Eugene Odum,  Science: 1969

Community Energetics						      Early		 Mature
1.  Biomass supported/unit of energy flow	 Low 			  High
2.  Net Community Production						      High 		  Low
3.  Food Chains												            Linear	      Weblike

Community Structure						      Early		 Mature
1.  Total Organic Matter									         Small		  Large
2.  Species Diversity										          Low			  High
3.  Biochemical Diversity								        Low 			  High

Overall Homeostasis	 						      Early		 Mature
1.  Entropy														              High		  Low
2.  Information												            Low 			  High



Highway 58 Natural Landscape



Highway 58 Natural Landscape



Plant Structure - Root, Stem and Leaf
Capable of indeterminate growth until limited by environmental conditions
Plant Physiology - Fourth Edition, Taiz and Zeigler

Leaves
Capture sunlight energy and C02 
- Convert into biological energy. 

Stems
Structural support of plant 
foliage; transport of moisture, 
nutrients and energy.

Roots
Obtain water and nutrients from 
soil, anchor and support plant 
stem and foliage



Environmental Factors and Conditions
 Influences on Plant Growth and Adaptations

Conditions that create limitations to the growth and survival of plants

Physiography
Latitude/Longitude/Growing Season
Adjacent Land/Water Masses
Topography/Elevation/Slope/Aspect
Geology/Parent Material
Soils - Physical/Chemical/Organic

Hydrology 
Surface/Subsurface Moisture

Atmosphere
Humidity/Aridity
Pollution
CO2 Level

Climate 
Temperature - Cold/Heat
Precipitation - Rain/Snow/Fog
Exposure - Sun/Shade
Humidity/Aridity
Wind

Catastrophic Events
Fire
Earthquake
Volcanoes
Floods
Hurricanes
Tornadoes



	 Non-Seed Plants
Algae	       8,000-10,000
Mosses   22,000-24,000	
Ferns	    11,000-13,000
	 Seed Plants
Cycads		                    160
Ginkgo                             1
Conifers					     630
(Gymnosperms)

Flowering Plants
(Angiosperms)

	 Monocots        60,000
	 Dicots			     200,000

The Global Landscape
Estimated 400,000 Plant Species Worldwide



The California Landscape
Over 5,800 Species, Subspecies & Varieties:   Over 2,100 Endemic Species



Life Sustaining Benefits of Plants
Energy capture Carbon sequestration, Oxygen production 

Energy:
Each pound of Biomass contains	
approximately 7,650 BTU’s of 
energy. 

Carbon:
Each pound of Biomass contains	
approximately 1/2 pound of 
carbon (.45#). 

Oxygen:  
Approximately one pound (.9#) 
of oxygen is released into the 
atmosphere for each pound of 
biomass accrued. 



Life Sustaining Benefits of Plants
Energy capture Carbon sequestration, Oxygen production 

Each pound of biomass contains 
enough energy to sustain one 
person for approximately one day.

1,930 Calories of food energy

7,655 Btu’s of heat energy

2.25 Kw hours of electrical energy



Costs Associated with Maintaining Landscapes 
Energy Use for supplying water, mowing, fertilizing, vehicles

Energy to provide water:
	 Importing water 
	 Pumping and Irrigation Energy
 

Energy for fertilizer:
	 Manufacturer/Packaging
	 Shipping/Applying

Energy for Pesticides and Herbicides:
	 Manufacturer/Packaging
	 Shipping/Applying

Energy for Gasoline/Diesel:
	 Service Vehicles, Cranes, Chippers,
	 Lawnmowers, Edgers, Blowers



Definition of Sustainability in Landscaping
Energy capture Carbon sequestration, Oxygen production 

A sustainable landscape is achieved when the 
biological energy accrued by plants in their 
biomass is greater than the amount of fossil 
fuel energy consumed during the design, 
installation, manufacture of products, use of 
water, and maintenance that goes into the 
landscape.



Landscape Benefits:  Biomass Accrual
A benefits to cost approach

5 Year old Crape Myrtles
Approximately 250# 
Biomass Each



Approximately 32.25 Btu’s of energry are needed to transport each 
gallon of water to Southern California from the State Water Project.

Annual Supplemental Water Needs for Different Hydrozones				  
						    

Eto = 50” /year														              Btu’s of Energy/Year
Plant Factor			   Inches	 Gallons of Water/Year		  to Import Water        
Very Low  <10%		      5”		   	 135,036							       4,354,911 Btus
																				                    (569# Biomass)
Low  10-30%			   5-15” 		 135,036-405,108			      4,186,116-13,064,733
																		                     (569-1,707# Biomass)
Mod 40-60%  		     20”-30” 	 540,144 - 810,276   	        17,419,644-26,131,401
																		                   (2,276-3,414# Biomass)
High 70-90%		     35”-45”	 945,253 - 1,215,324	        30,484,409-39,194,199
																		                   (3,982-5,120# Biomass)

Energy to Provide Water:  
Source:   NRDC Document, ENERGY DOWN THE DRAIN: The Hidden Costs of California’s Water 	
		     Supply



Energy for Spray Irrigation at 60 PSI:  

Approximately 9.2 Btu’s of energry are needed for spray Irrigation

Energy to Provide Irrigation Water for Different Hydrozones
										        

																			                   Btu’s of Energy/Year
Plant Factor			   Inches	 Gallons of Water/Year		  to Import Water        
Very Low  <10%		      5”		   	 135,036							       1,242,331 Btus
																				                    (162# Biomass)
Low  10-30%			   5-15” 		 135,036-405,108			      1,242,331-3,726,994
																		                     (162-487# Biomass)
Mod 40-60%  		     20”-30” 	 540,144 - 810,276   	          4,969,325-7,454,539
																		                     (649-974# Biomass)
High 70-90%		     35”-45”	 945,253 - 1,215,324	         8,696,328-11,180,981
																		                   (1,136-1,461# Biomass)



Energy for Drip Irrigation at 30 PSI:  

Approximately 4.1 Btu’s of energry are needed for spray Irrigation

Energy to Provide Irrigation Water for Different Hydrozones
										        

																			                   Btu’s of Energy/Year
Plant Factor			   Inches	 Gallons of Water/Year		  to Import Water        
Very Low  <10%		      5”		   	 135,036							       621,166 Btus
																			                        (81# Biomass)
Low  10-30%			   5-15” 		 135,036-405,108			      61,166-1,863,497
																		                      (81-144# Biomass)
Mod 40-60%  		     20”-30” 	 540,144 - 810,276   	          4,969,325-7,454,539
																		                     (325-487# Biomass)
High 70-90%		     35”-45”	 945,253 - 1,215,324	        4,348,164-5,590,491
																		                     (568-731# Biomass)



Fertilizer and Pesticide Use:  
Source:  University of California Sustainable Agriculture Research and Education Program

Embodied energy per pound of Macronutrient:
			       Manufacture     Package     	Transport   	  Apply  			   Total:
Nitrogen:   29,899 Btu’s		 1,110 Btu’s 	1,936 Btu’s	   688 Btu’s		  33,642 Btu’s

Phosphate:  3,313 Btu’s		 1,110 Btu’s 	2,452 Btu’s	   645 Btu’s		    7,529 Btu’s

Potash:  		  2,573 Btu’s	         774 Btu’s 	1,979 Btu’s	   430 Btu’s		    5,936 Btu’s

Application of Nitrogen varies 2-4# per year for turf species

2# Nitrogen per 1,000 s.f.  =  87#/Acre/Year  = 2,930,890 Btu’s = 383# Biomass 
4# Nitrogen per 1,000 s.f.   =174# Acre/Year = 5,861,780 Btu’s = 766# Biomass 



Operational Energy of Fossil Fuel:

Gasoline:
1 gallon of gasoline contains 124,000 Btu’s 
of energy x 52 = 6,448,000 = 842# Biomass

Diesel
1 gallon of diesel contains 140,000 Btu’s of 
energy x 52 = 7,280,000 = 951# Biomass

Energy Embodied in Fossil Fuels:  



Blaisdale Community Park:  
Claremont, California.   AB 1881 Compliant:  50% Turf Grass - 50% Sage Scrub/Mediterranean



Blaisdale Community Park:  
Tall Fescue Turfgrass = 10,890# Standing Biomass



Blaisdale Community Park:  
Sage Scrub/Mediterranean Perimeter Planting w/Organic Mulch = 12,650# Standing Biomass



Blaisdale Community Park:  
Sage Scrub Energy Assessment

1 Acre of Sage Scrub
Biomass after 10 years Growth:

Shrubs:					         	   12,650#

12,650# x 7,655 Btu’s = 96,835,750 Btu’s

Energy Costs per Year:	
Import Water:  5”/year = 4,353,911 Btu’s
Apply Water:    5”/year =     553,648 Btu’s
Fertilizer:            0/year =			     0 Btu’s
Mowing:   		    0/year = 			     0 Btu’s
Vehicles:    10 gal/year = 1,250,000 Btu’s
								          6,157,559 Btu’s

After 15.7 Years of maintenance - 
costs exceed landscape benefits
(96,835,750/6,157,559 = 15.7 Years)
								      



1 Acre of Tall Fescue Turf Grass 
Biomass after 10 years Growth:

Turf grass biomass value:	 10,890#/Acre		
			 
10,890# x 7,655 Btu’s = 83,362,950 Btu’s

Energy Costs per Year:
Import Water: 42”/year = 36,581,240 Btu’s
Irrigation:  		  42”/year = 10,435,582 Btu’s
Fertilizer:   		    2x/year =	  2,930,890 Btu’s
Mowing:      20 gal/year = 	 2,480,000 Btu’s
Vehicles:      25 gal/year =	  3,500,000 Btu’s
			    					     55,927,712 Btu’s

After 1.5 Years of maintenance - 
costs exceed turfgrass benefits
(83,362,950/55,927,712 = 1.5 years)

Blaisdale Community Park:  
Sage Scrub Perimeter Planting w/Organic Mulch



Rainfall Capture and Infiltration:  
University of California Cooperative Extension Demonstration Garden, Irvine



Rainfall Capture and Infiltration:  
University of California Cooperative Extension Demonstration Garden, Irvine



One Pound of Polyethylene 
embodies 48,500 Btu’s of Energy

A 5,000 Gallon tank weighs 805#

A 5,000 Gallon tank embodies
38,930,000 Btus of energy.

Pumping water at 32.25 Btu’s per 
gallon to fill this tank once each year 
(5,000 gallons) will take 249 years to 
equal the embodied energy in this 
tank.
										        

Stormwater Capture and Infiltration:  
Embodied Energy evaluation of 5,000 Gallon Rain Barrel







Arlington Park, Pasadena
Native Plant Species - Field Lupine, Coast Live Oak



Arlington Park, Pasadena
Native Plant Species - Field Lupine, Coast Live Oak



Arlington Park, Pasadena
Bioswale/Vernal Pool - On site retention and infiltration of water



Arlington Park, Pasadena
Historical, Cultural - Reinvention and Renewal



Arlington Park, Pasadena
Historical, Cultural - Native & Exotic



Arlington Park, Pasadena
Historical, Cultural - Native & Exotic



Arlington Park, Pasadena
Exotic Plant Species - Edible, Horticultural



Arlington Park, Pasadena
Exotic Plant Species - Mediterranean



Arlington Park, Pasadena
Beneficial Reptiles and Insects



Arlington Park, Pasadena
Historical, Cultural - Native & Exotic



Embedded Energy:
Measuring the Health and Sustainability of  Landscapes

A sustainable landscape is 
achieved when the biological 
energy accrued by plants in 
their biomass is greater than 
the amount of fossil fuel 
energy consumed during 
the design, installation, 
manufacture of products, use 
of water, and maintenance that 
goes into the landscape.


