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The “hockey stick” graph as shown in the 2001 IPCC report. This chart 

shows the data from Mann et al. 1999. The colored lines are the reconstructed 

temperatures, and the gray shaded region represents estimated error bars. 



The instrumentally measured warming of  about 0.6!°C 

(1.1!°F) during the 20th century is also reflected in 

borehole temperature measurements, the retreat of  
glaciers, and other observational evidence, and can be 

simulated with climate models…. It can be said with a high 

level of  confidence that global mean surface temperature 

was higher during the last few decades of  the 20th century 

than during any comparable period during the preceding 
four centuries.   

-  National Research Council, 2006 

The “hockey stick” created debate, but the 
overall trend has been corroborated. 



First, some definitions…. 

protocol, methodology, activity, activity data, emissions factor, scope, tier, verification, 
biogenic, anthropogenic, credits, debits, offsets, baseline, global warming potential, 

CO2 equivalent (CO2e), carbon footprint, double counting 

Standard reporting format:  metric tons CO2e or Mg CO2e 



Rogner, H. et al., 
2007.  Chapter 1 
in Climate 
Change: Mitigation 

(Working Group 
III), 4th 
Assessment, 
IPCC. 

Global 2004 anthropogenic GHG emissions  

CO2 equiv. 



Rogner, H. et al., 2007.  Chapter 1 

in Climate Change: Mitigation 

(Working Group III), 4th 

Assessment, IPCC. 

2.8%, includes ww & landfill CH4 & N2O, 

CO2 from waste incineration (fossil C only) 

Global GHG emissions by sector 



“In developing countries, due to 

rapid population growth and 

urbanization without concurrent 

development of wastewater 

infrastructure, CH4 and N2O 

emissions from wastewater are 

generally higher than in 

developed countries.” 



U.S. Inventory of GHG Emissions: 2005 

http://www.epa.gov/climatechange/
emissions/downloads06/07ES.pdf 



Recent Trends in U. S. GHG Emissions 
(Tg CO2 equiv.) 

Gas/Source   1990   2000   2005  

Total CH4   609.1   563.7   539.3 
Landfills   161.0   131.9   132.0 

Manure Management  30.9   38.7   41.3 
Wastewater Treatment  24.8   26.4   25.4  

Total N2O   482.0   499.8   468.6 
Agricultural Soil Mgmt  366.9   376.8   365.1 

Manure Management  8.6    9.6   9.5  
Wastewater Treatment  6.4   7.6   8.0 

____________________________________________________________ 

Total    6242.0   7147.2   7260.4 

http://www.epa.gov/climatechange/
emissions/downloads06/07ES.pdf 



USEPA, 2007: 

Inventory of  U. S. 

Greenhouse Gas 

Emissions and Sinks: 

1990-2005 

Energy use & CO2 are big nationally… 



Sources of CO2 

!! wastewater/
organics = short-
cycle, biogenic 
carbon (C) 

!! management 
uses energy & 
materials = CO2 

!! waste 
management 
doesn’t register 
in this graph 



2.3% of all 
emissions; 
wastewater 
treatment = 
1/4 of that 

Waste management = small % 
(wastewater treatment = even smaller %) 



What counts for WWTFs & biosolids: CH4 

Methane = 
7.4% of  all 
emissions 



N2O = 6.5% 
of  all 
emissions 

What counts for WWTFs & biosolids: N2O 



CH4 & N2O 



!! CO2 = 1 

!! CH4 = 21 CO2e (or 25 per 
latest IPCC 4th assessment) 

!! N2O = 310 CO2e (or 296 per 
latest IPCC) 

!! But over < 100 years, methane 
has higher GWP: ~ 72 CO2e  
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Global Warming Potential (GWP) 



GWPs vary… 

But protocols use 100-year horizon for consistency. 



UNFCCC 

IPCC 

Clean Development Mechanism (CDM) 

The Greenhouse Gas Protocol (WRI & WBCSD) 

ISO 14064 

CA Climate Action Registry (now has new name) 

The Climate Registry General Reporting Protocol 

The Climate Registry LGO Protocol 

(There are also verification protocols for most.) 

The progression of protocols 



TCR Local Government Operations 
Protocol (LGO) 

This is the current North 
American standard. 



TCR Local Government 
Operations Protocol (LGO) 

What it is not: 

!! Not for quantifying reductions (offsets), 
which require a project quantification 
methodology such as CDM & CCX have 

!! Does not provide guidance on 
quantifying carbon “sinks” (but these may 
be reported optionally, using other 
guidance) 



Benefits of voluntary inventory 

!! Risk management (demonstrate proactive 
steps to reduce carbon impacts) 

!! Address inefficiences 

!! Be ready for a carbon-constrained future 

!! Be an environmental leader 

!! Educate stakeholders (vendors, customers, 
public officials, the media, the public) 



Another reason, from the SEC: 

“The US Securities and Exchange Commission (SEC) recently 

released new guidance on what constitutes material climate-related 

risk….  Companies are directed to consider whether existing laws 

or pending legislation and regulations are a risk, and whether 

climate accords carry some financial risk…. Climate Registry 

Members are already head of the curve! Reporting your 

greenhouse gas (GHG) inventory to The Registry is a 

comprehensive, defensible, verified way to ensure that you are 

measuring and tracking your GHG emissions in a consistent and 

robust manner. Establishing your total GHG footprint publicly is a 

critical first step to disclosing your risk…. The Climate Registry is 

specifically noted in the SEC guidance document as one of the 

ways companies have been voluntarily disclosing their emissions.” 



Competitive advantage… 

Modeling the carbon footprint of various biosolids treatment options 

By Dr WPF Barber    Courtesy of Cambi AS   Dec. 18, 2009 

“There are a wide variety of processes which are capable of treating 
biosolids to comply with the pathogen reduction requirements defined by 
US EPA 503 regulations. Choice of technology is complex and 
dependent on a number of project specific and economic influences. 
However, within Europe, long term sustainability and carbon impact are 
becoming more influential …Generally, processes with anaerobic 
digestion had far smaller carbon impacts due to lower quantities of 
biosolids for downstream processing and transport and the production of 
renewable energy. The benefits of fertilizer displacement by composting 
were also significant.” 

!!                



Key principles of GHG 
accounting & reporting 

!! Relevance - covers what you have control of & makes sense, 
applies to your operations 

!! Completeness - doesn’t leave out any significant GHG 
emissions over which you have control  

!! Consistency - assumptions & methodologies are consistent 
throughout 

!! Transparency - all assumptions are clearly explained; 
methods and calculations are easy to replicate 

!! Accuracy - estimates should not be systematically over or 
under actual emissions; enough accuracy is needed to be able to 
make some decisions with the data, making the effort worthwhile 



What to report…  (“The Kyoto Six”) 

!! Carbon dioxide (CO2) 

!! Methane (CH4) 

!! Nitrous oxide (N2O) 

Not usually significant for wastewater & 
biosolids, but very high GWPs: 

!! Hydrofluorocarbons 

!! Perfluorocarbons 

!! Sulfur hexaflouride 

Report metric tons (Mg) of each and CO2e of each 



Reporting frequency & base year 

!! Total emissions in one calendar year 

!! Base year is recent one that has 
complete, representative data 

!! Standard is to repeat inventory 
annually and compare to base year 

!! Develop a policy on what will trigger 
recalculation of base year estimates 



Financial vs. Operational Control 

!! Decide which; operational is likely easier 
for WWTPs / municipalities 

!! Wastewater utilities must decide if they are 
autonomous or (more likely) under 
municipal control (e.g. public works dept.) 

!! Where to draw the lines? - leased items, 
contracted services, etc. 



Scope 1:  direct emissions (required reporting)!

Scope 2:  indirect emissions for purchased heat & power (required 
reporting)!

Scope 3:  indirect emissions: supply chain & downstream 
emissions that are influenced by local actions and decisions 
(optional reporting, but significant for WWTFs & biosolids)!

Biomass combustion (biogenic CO2 emissions from combustion) 
- report separately; does not include decomposition CO2!

Scopes 





Addressing uncertainty: Tiers 

Tier

The Climate

Registry

Tier

IPCC What is required for this tier…

A 3 Direct measurements, local data

B 2 Combination of some direct measurements, local data, and

regional default values.

C 1 National or regional default values



1.  With the same accuracy of measurement (+/- 2%), the 

GWP factor has a huge impact on uncertainty:!

100 Mg CO2 +/- 2%    =     a range of 98 to 102 Mg CO2e (a 
range of 4 Mg)!

100 Mg N2O +/- 2%   =   a range of 30,380 Mg CO2e to 31,620 

Mg CO2e (a 1,240 Mg spread)!

2.  With a typically lower accuracy of an N2O emissions 

measurement or estimate (+/- 10%):!

100 Mg N2O +/- 10%   =   a range of 27,900 Mg CO2e to 

34,100 Mg CO2e (a 6,200 Mg spread)!

Uncertainty magnified 



1.  What are your goals?  What will your accounting be used for?!

•! Estimating existing emissions/establishing baseline?!

•! Comparison to other programs or other ways of 

managing wastewater or biosolids?!

•! Estimating impacts of making a particular change?!

•! Understanding which activities that have the most 

emissions?!

2.  Will you be reporting?  If so, get to know the Protocol.!

Steps… 



3.  Define the boundaries: (operational control)!

4.  Set upstream & downstream bounds: !
n! for wastewater programs, from collection through impacts 

from effluent!

n! for biosolids programs, we recommend at point solids are 
removed from clarifier(s) through end use / disposal!

5.  Identify what data you have, and what you will have to 
begin collecting routinely & consistently; organize 
data.!

6.  Perform the calculations, using defaults as needed.!

Steps… 



CO2e emissions =  AD x EF x GWP 
AD = ac t iv i ty da ta ; how much an ac t iv i ty occurs 

EF = emission factor; tons CO2e per unit of activity 

GWP = global warming potential of the gas emitted 

Example:  
An anaerobic digester with a leaky cover is known to emit 10 kg 

of methane per day:!

Emissions (CO2e) = 10 kg/day CH4  x  21 = 210 kg CO2e / day!

= 76.65 Mg CO2e / year (this is the common reporting format)!

The basic equation: 



These are resources…!

•! UK Water Industry Research (UKWIR) – costs $!

•! Water Services Association of Australia (WSAA)!

•! US EPA!

•! California WW Climate Change Group !

•! The Climate Registry Local Gov’t Ops Protocol!

Existing methodologies 



What AD & EFs to use? 

If you are going to report and want to have inventory 

formally verified, use prescribed AD & EFs where 
possible and be able to justify any alternatives 

used.!

If not reporting, we recommend using the most 

accurate AD & EFs you can find in published 
literature, etc. that will help you maximize 

understanding of actual emissions !



    Carbon 
Ned Beecher 

ned.beecher@nebiosolids.org 

603-323-7654,  

Photo: BioCycle 

THANK YOU. 

Questions so far?    



Focus on… 

Greenhouse Gas (GHG) Accounting for Wastewater Treatment and 

Biosolids Management 

March 4, 2010 

Eatontown, New Jersey 

Thanks for assistance from Jason Turgeon, U. S. EPA Region 1. 

Energy Use &  

CO2 Emissions 



!! CO2 from fossil fuel & electricity use 
!! Direct & indirect (e.g. in purchased polymers, chemicals) 

!! CH4 from anaerobic organic materials 

!! N2O from near-anaerobic materials,  
combustion, & soils 

!! Credits: 

!! Energy from biosolids 

!! Offsetting fertilizer, peat, lime use, etc. 

!! Sequestering C 

Sources of emissions from WWTFs 



From WSAA, 2007 

From WSAA, 2007 



Accounting for CO2 Emissions 
!! What counts is anthropogenic 

!! Source is mostly fossil fuel combustion, either 
at the plant or indirect through purchased heat 
& electricity or purchased materials (e.g. lime): 
!! Boilers (fuel oil, natural gas) 

!! Engines (diesel, gasoline) 

!! Purchased electricity (amount of CO2 emissions 
depends on fuel mix used by utility – DOE has data 
by state and region) 

!! Biogenic CO2 from biomass combustion (e.g. 
biogas) is tracked separately. 



WWTPs are energy hogs… 

!! 21 billion 
kWh / year 
(WERF fact sheet) 

!! $4 billion cost / 
year (EPA 
website) 

!! Up to 1/3 of a 
municipality’s 
energy costs! 
(EPA website) 





Reducing CO2 = energy efficiency 

!! Pumping 

!! Aeration 

!! DO Controls 

!! UV Disinfection 

!! Efficient Motors 

!! Dewatering 

!! Solids management 
Courtesy Consortium for Energy Efficiency & EnergyStar 

http://www.cee1.org/ind/mot-sys/ww/cr.php3 



www.energystar.gov/benchmark 

(look in left column for wastewater treatment…) 

















And how will you pay for it? 

!! energy efficiency savings 

!! renewable energy sales & credits 

!! carbon offsets 



ESCOs & Financing 

!! Energy Service Companies (ESCOs) evaluate 
& prescribe energy saving solutions 

!! ESCO takes the financial risk, guaranteeing 
payment for energy efficiency improvements 

!! ESCO paid with cost savings from the 
operations budget 

!! Faster process; no need for capital 
expenditure and hassles of approval 





Tips for moving ahead… 

!! Tax-Exempt (Municipal) Lease-Purchase 
Agreements 

!! State Public Benefit Funds available, but vary 
state to state (see www.aceee.org)  

!! Energy Star: http://www.energystar.gov 

!! Cost savings calculator: http://
www.energystar.gov/ia/business/
cfo_calculator.xls 

!! Source for state programs: Database of State 
Incentives for Renewables and Efficiency (DSIRE) 
http://www.dsireusa.org/ 



    Carbon 
Ned Beecher 

ned.beecher@nebiosolids.org 

603-323-7654,  
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THANK YOU.    


