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Introduction to PetalumaIntroduction to Petaluma

•• Located 40 miles Located 40 miles 
north of San north of San 
FranciscoFrancisco

•• Population = Population = 
55,00055,000→→→→→→→→ 70,65070,650

•• Current WWTP Current WWTP 
consists of facilities consists of facilities 
constructed in constructed in 
1930s and 1960s1930s and 1960s
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Petaluma WWTP Project Goals Petaluma WWTP Project Goals 

“develop an economically and “develop an economically and 
ecologically sustainable water ecologically sustainable water 
recycling facility”recycling facility”

“serves as an amenity to the “serves as an amenity to the 
community by providing educational community by providing educational 
and recreational opportunities”and recreational opportunities”
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Treatment Alternatives Treatment Alternatives 
EvaluatedEvaluated

•• Five treatment alternatives Five treatment alternatives 
-- All include using existing oxidation ponds All include using existing oxidation ponds 

→→→→→→→→ produce algaeproduce algae
-- All include filtration/ disinfection for reuseAll include filtration/ disinfection for reuse

•• SubalternativesSubalternatives
-- Algae removalAlgae removal
-- DisinfectionDisinfection
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Alternatives Evaluation CriteriaAlternatives Evaluation Criteria



The DilemmaThe Dilemma

“How do I assess“How do I assess
relative ecological relative ecological 

impacts of different impacts of different 
alternatives within my alternatives within my 

limited budget?”limited budget?”
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Amount of land and water (area of Amount of land and water (area of 
the earth) required to produce all the earth) required to produce all 
the resources we consume the resources we consume 
and to absorb all the wastes we and to absorb all the wastes we 

produceproduce

“Aha! I’ll use the “Aha! I’ll use the 
Ecological Footprint!”Ecological Footprint!”

The Ecological FootprintThe Ecological Footprint
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Ecological FootprintEcological Footprint

WhoWho Acres/PersonAcres/Person

What we HaveWhat we Have WorldWorld 4.74.7

What we UseWhat we Use WorldWorld 5.65.6

U.S.U.S. 2424

ChinaChina 3.93.9
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Calculating the FootprintCalculating the Footprint

•• Scope, Boundaries & AssumptionsScope, Boundaries & Assumptions
•• Identify material & and energy useIdentify material & and energy use
•• Determine quantitiesDetermine quantities

-- Weight of materialsWeight of materials
-- Amount of earth cut and fillAmount of earth cut and fill
-- Delivery tripsDelivery trips

•• Find conversion factorsFind conversion factors
•• SpreadsheetSpreadsheet
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Scope,Scope, Boundaries,Boundaries,
andand AssumptionsAssumptions

•• Five Secondary Treatment ProcessesFive Secondary Treatment Processes
•• UV vs. Hypochlorite DisinfectionUV vs. Hypochlorite Disinfection
•• Wetlands vs. DAF for Algae RemovalWetlands vs. DAF for Algae Removal
•• End of life activities not consideredEnd of life activities not considered
•• Land Conversion not consideredLand Conversion not considered
•• Life of facility = 40 yearsLife of facility = 40 years
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Identify Material and Energy UseIdentify Material and Energy Use

•• Construction Materials: Construction Materials: 
Concrete (CY) and Steel (Tons)Concrete (CY) and Steel (Tons)

•• Chemicals to Operate (Tons)Chemicals to Operate (Tons)
•• Energy to Operate (kWh)Energy to Operate (kWh)
•• Energy to Construct Energy to Construct 

(Barrels of Oil)(Barrels of Oil)
•• Emissions: Methane and Emissions: Methane and 

Carbon Dioxide (Tons)Carbon Dioxide (Tons)
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Conversion Factors / Calculation Conversion Factors / Calculation 

lbslbs.  X  kWh/lb.  X  acres/kWh = global acres.  X  kWh/lb.  X  acres/kWh = global acres

WhoWho SourceSource

Material Quantity Material Quantity CarolloCarollo Cost EstimateCost Estimate

Embodied EnergyEmbodied Energy Carollo / RPCarollo / RP Vendor, ReportsVendor, Reports
per Unit of Material per Unit of Material 

Acres per UnitAcres per Unit RP / RP / 
of Energy of Energy Footprint NetworkFootprint Network
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SpreadsheetSpreadsheet
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Ecological Footprint Ecological Footprint 
(global acres, not acres/year)(global acres, not acres/year)
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Ecological Footprint Ecological Footprint (with Methane Emissions)(with Methane Emissions)

(global acres, not acres/year)(global acres, not acres/year)
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Ecological Footprint for UV vs. Ecological Footprint for UV vs. 
Hypochlorite DisinfectionHypochlorite Disinfection

CA PowerCA Power Green PowerGreen Power

Hypochlorite Hypochlorite (1)(1)

Materials Materials →→→→→→→→ 30 30 gacgac 30 30 gacgac
Chemicals Chemicals →→→→→→→→ 121 121 gacgac 121 121 gacgac
Power Power →→→→→→→→ 10 10 gacgac ≈≈≈≈≈≈≈≈0  0  gacgac

TotalTotal 161 161 gacgac 151 151 gacgac
UV UV (1)(1)

Materials Materials →→→→→→→→ 6 6 gac gac 6 6 gac gac 
Equipment Equipment →→→→→→→→ 6 6 gac gac 6 6 gacgac
Power Power →→→→→→→→ 150 150 gac gac 2 2 gacgac

TotalTotal 162 162 gac gac 14 14 gacgac
(1) 4 mgd Urban Recycle Water System Only (Title 22)(1) 4 mgd Urban Recycle Water System Only (Title 22)
Construction energy negligibleConstruction energy negligible



Petaluma WRFPetaluma WRF
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Sonoma County Sonoma County 
Ecological Footprint 1999Ecological Footprint 1999

5.4005.400

4.4004.400

4.0004.000

5.5005.500

2.9942.994 0.0060.006

FoodFood
HousingHousing
TransportationTransportation
GoodsGoods
ServicesServices
WWTPWWTP
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How Much Did this Analysis How Much Did this Analysis 
Cost?Cost?

•• Consultant = $5,000Consultant = $5,000
•• 100 in house hours100 in house hours
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We LearnedWe Learned

•• Moving dirt takes a LOT of energyMoving dirt takes a LOT of energy
•• Land based systems not necessarily Land based systems not necessarily 

better due to methane emissionsbetter due to methane emissions
•• Green energy makes a huge Green energy makes a huge 

differencedifference
•• The more you learn, the less you The more you learn, the less you 

know!know!
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We LearnedWe Learned

•• Data availability is a problemData availability is a problem
-- OursOurs

-- In study phase, quantity estimates are not very In study phase, quantity estimates are not very 
accurateaccurate

-- VendorsVendors
-- Weight / composition of equipmentWeight / composition of equipment
-- Embodied energy of equipmentEmbodied energy of equipment

-- Conversion factorsConversion factors
-- How to quantify land conversion from agricultural How to quantify land conversion from agricultural 

to wetland?to wetland?
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•• Doesn’t cover everythingDoesn’t cover everything
-- Radioactive materials, heavy metals, Radioactive materials, heavy metals, 

persistent organic toxins, biopersistent organic toxins, bio--
hazardous wasteshazardous wastes

-- Water quality differences not Water quality differences not 
measuredmeasured

We LearnedWe Learned
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Strengths of the Ecological Strengths of the Ecological 
FootprintFootprint
•• Can assess relative ecological Can assess relative ecological 

impacts of alternativesimpacts of alternatives
•• Excellent visual tool to reveal the Excellent visual tool to reveal the 

impacts of facilitiesimpacts of facilities
-- Makes carrying capacity realMakes carrying capacity real

•• Would work well in PreWould work well in Pre--Design for Design for 
materials selectionmaterials selection
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ConclusionsConclusions

•• Increase LCA thinking in Increase LCA thinking in 
engineersengineers

•• As a first exercise, very As a first exercise, very 
informativeinformative

•• Would like to test conclusions Would like to test conclusions 
with actual construction data & with actual construction data & 
against another LCIA toolagainst another LCIA tool
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For Footprint Inquires:For Footprint Inquires:

  MathisMathis WackernagelWackernagel, Ph.D., Ph.D.
  mathismathis@@footprintnetworkfootprintnetwork.org.org

  Mary Hansel, CPAMary Hansel, CPA
  mhanselmhansel@@carollocarollo.com.com
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