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Grid Electricity 

CO2E = Carbon dioxide equivalent (includes N2O and CH4 based on their corresponding global warming potentials 

CH4 
Emissions 

N2O 
Emissions 

CO2 
Emissions 

N2O 
GWP 

CH4 
GWP 

Grid 
Electricity 

Consumption 

CO2E 
Emissions 

 Sample Calculation - Energy 
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Grid Electricity 

CO2E = Carbon dioxide equivalent (includes N2O and CH4 based on their corresponding global warming potentials 

Input Input Input 

Constant Constant Input 

 Sample Calculation - Energy 
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Electric Generation by Fuel Type 
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NERC Regions 
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eGrid Subregions 
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Sample of Constants 

Established Values and Coefficients 
•  Atomic Mass 
•  Global Warming Potential (GWP) 
•  Gross Heat of Combustion 
•  Emissions Factors 

Unit conversions 

  Areas 

  English to Metric 

  Energy 

  Volume 

  Mass 

  Time 
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Define Inventory Boundaries 

      Areas included in PNNL’s carbon inventory 

Business Travel  
(Air and Car Rental) 

Employee Commuting 

Upstream Emissions Downstream Emissions Corporate Emissions 

PNNL Fleet Vehicles 

Production of Electricity 
Consumed 

On-site Fuel Combustion 
(NG, propane) 

Waste Transportation and 
Disposal 

Direct 

Other Indirect 

Indirect Electricity 

Design 

Calculate 

Target 

Reduce 

Offset 

Report 
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Collect Data 

•  Data provided by members of environmental management team, 
others 
•  Electricity – kWh consumed by building 
•  RECs – kWh of RECs purchased 
•  Natural gas/propane use – total therms / gallons by building 
•  Fleet vehicle fuel use – total gallons for fleet 
•  Business travel – estimated miles traveled by air and rental car gas 

receipts from travel expense reporting system 
•  Employee commuting – conservative estimate of “typical” employee  
•  Waste/Recycling – estimated total pounds by waste category (e.g., office 

paper, cardboard, mixed plastics)  

Design 

Calculate 

Target 

Reduce 

Offset 

Report 
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Source: U.S. DOE, “Transportation Energy Data Book, Edition 27 – 2008” 

Comparative Energy Intensities 
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PNNL 2007 CO2 Inventory 

Category of 
Emissions 

2007 CO2 
Emissions  

(metric tons) Description 

Direct 8,717  Nat Gas/Propane 

446  Fleet Vehicles 

Subtotal 9,163  

Indirect from Purchased 
Electricity 2,798 

Consumption of Purchased 
Electricity 

(339) REC Purchases  

Subtotal 2,459 

Other Indirect 14,441  Business Travel 

9,190  Employee Commuting 

786  Solid Waste Disposal 

Subtotal 24,418 

Total CO2 Emissions 36,378 

Net CO2 Emissions 36,039  

Design 

Calculate 

Target 

Reduce 

Offset 

Report 



August 8, 2009 

Matt Gray, Rachael Jonassen, John Nangle 

 14,441  

 9,190    8,716  

 2,798  

 446   1 

 (339) 
 (2,000) 

 ‐    

 2,000  

 4,000  

 6,000  

 8,000  

 10,000  

 12,000  

 14,000  

 16,000  

1 

M
et
ri
c 
To
ns
 o
f C

O
2  

Business Travel  Employee Commu@ng  Natural Gas/Propane 

Purchased Electricity  Fleet Vehicles  Solid Waste Disposal 

REC Purchases  

23,543 domestic trips 
3,203 international trips 

90.4 million kWh 
Cost >$4.2M 

1.5M therms nat gas  
Cost $1.40M 

1,036,101 gallons 
fuel per year 

Design 

Calculate 

Target 

Reduce 

Offset 

Report 

PNNL 2007 CO2 Inventory 
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8,716  

 446 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Scope 1: Direct  Scope 2: Indirect Power Purchased  Scope 3: Other Indirect 

Design 

Calculate 

Target 

Reduce 

Offset 

Report 

PNNL 2007 CO2 Inventory 
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Sandia National Lab 
Carbon Footprint by Scope 
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Different Grid Emission Factors 
Convey Different Risk Levels 

Design 

Calculate 

Target 

Reduce 

Offset 

Report 

2,798 

13,403 

36,810 

0 

5,000 

10,000 

15,000 

20,000 

25,000 

30,000 

35,000 

40,000 

MTCO2e using Local Utility 
Fuel Mix 

MTCO2e using Washington 
State Emission Factors 

MTCO2e using NWPP 
Regional Emission Factors 

M
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c 
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2007 CO2 Emissions from Electricity Use Based on Local, State, 
and Regional Emission Factors 
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Calculating Emissions from 
Electricity 
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Greater Yellowstone Area 
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•  EPA Climate Leaders partner – Fall 
2007 

•  Inventory pilot for the agency 

•  Anthropogenic emissions of 3 GHGs 
•  Inventory and Report ‐ April 2009  

• NPS completed two inventories   
• USFWS completed a very DRAFT inventory 

GYA Big Picture 
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GYA Unit Database Tool Used 
6 NaJonal Forests (’07) 

(USDA) 
EPA Climate Leaders Tool 

2 USFWS Refuges (’07) 

(Interior) 
EPA Climate Leaders Tool 

Yellowstone NaJonal Park 
(’06, Interior) 

CLIP Tool  

Grand Teton NaJonal Park 
(’07, Interior) 

CLIP Tool 

GYA Inventories Gathered 
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GYA Approach 

•  Basic inventory parameters 

•  Inventory tool/database 
•  Preliminary survey of GHG acJviJes 

•  Data collecJon Implement QA/QC protocols 

•  Crunch, check, re‐crunch, and re‐check numbers 

•  Obtain peer, internal, and external review 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Included 

• Mobile sources 

•  StaJonary sources 
•  Electricity 

•  Employee air travel 

•  Employee commuJng 

Not Included 

•  Prescribed fire & wildfire 
suppression 

•  Refrigerants 

•  Fire exJnguishers 

•  Gas waste stream  

•  Imported heat  

•  Product transport 

•  Off‐site waste disposal 

GYA Emission Sources 
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GHG Emissions from  
National Forests in the GYA 
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GYA Internal Agency Findings 

•  Fleet fuel economy  

•  GSA data quality 
•  Building ownership 

•  Forest level data sources  

•  Agency repor@ng and data storage systems 

•  Geographic boundary 
•  Wood emissions 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GYA Total GHG Emissions 
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Agency X, One Location Emissions 

GHG Emissions 
by Source 
Category 

(Metric Tons 
CO2-e) 
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Estimated Agency X GHG Emissions 
(6 Installations) 

Comparison of emissions estimates from facilities-level (left) and 
HQ-level (right) inventories for seven installations.   
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Agency X GHG Emissions  

•  FY2008 data, HQ level estimates 
•  134 sites 

•  Emissions:      10.5 MTCO2e 
•  Sequestered:     9.2 MTCO2e 

•  Net emissions: 1.3 MTCO2e 
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Recent Federal GHG Emissions
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Vehicles and Equipment - % Change 

Take Home: Most are reducing, some are reaching goal 

A negative value 
indicates a 

REDUCTION in energy 
use. 

Agencies with incomplete VE reporting: 
CIA, CPSC, EEOC, FCC, FTC, NAR, 
ANRC, NSF, OPM, PCC, RRB, USIA 

FY08 Goal: 6% 
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Goal Included - % Change 

Take Home: Most agencies are reducing bldg. energy, none to goal 

A negative value 
indicates a 

REDUCTION in energy 
use. 

Agencies with incomplete goal- 
included reporting: CIA, CPSC, EEOC, 

FCC, FTC, NSF, OPM, PCC, USIA. 

FY08 Goal: 9% 
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Goal Excluded - % Change 

Take Home: Few agencies show exclusions, most increase. 

A negative value 
indicates a 

REDUCTION in energy 
use. 

Agencies with incomplete goal-excluded 
reporting: CIA, PCC, CPSC, DOI, DOJ, DOL, 
EEOC, EPA, FCC, FTC, HUD, NARA, NRC, 

NSF, OPM, RRB, SSA, USDA, 
USIA,VA,TRSY, DOC, HHS, ST. 
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Total - % Change  

Take Home: Most agencies are reducing energy use. 

A negative value 
indicates a 

REDUCTION in energy 
use. 

Agencies with incomplete goal- 
included reporting: CIA, PCC, 

CPSC, EEOC, FCC, FTC, NSF, 
OPM, USIA. 
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AN EXERCISE 

• This will be on the final exam! 
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NREL Inventory Example 

Handouts 
•  NREL Inventory Management Plan 

•  Nuts and bolts of GHG Inventory 
•  Emissions resources 
•  Data sources 
•  Includes inventory spreadsheets 

•  Developed for Climate Leaders program 
•  Climate Leaders Spreadsheet 

•  Shows goals and progress toward goals 
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TOOLS 

•  EPA Climate Leaders Tool 
•  Climate Registry Information System (CRIS) 
•  CLIPP 
•  CA EMFAC (car emissions factors) 
•  WARM 
•  Egrid 
•  CA Carrot 
•  WRI 
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Materials in WARM 

Aluminum Cans Magazines/Third-class Mail Food Scraps 
Steel Cans Medium Density Fiberboard Yard Trimmings 
Copper Wire Corrugated Cardboard Grass 
Glass Dimensional Lumber Leaves 
HDPE Mixed Paper (3 categories) Branches 
LDPE Mixed Metals Carpet 
PET Mixed Plastics PCs 
Newspaper Mixed Organics Clay Bricks 
Office Paper Mixed Recyclables Concrete 

Phonebooks Mixed MSW Fly Ash 
Textbooks Tires 
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Potential Carbon Storage 

Landfill carbon storage 

•  Some materials are not completely decomposed by anaerobic 
bacteria, so some of the carbon in these materials is stored in 
the landfill 

•  Counted as an anthropogenic sink since this carbon storage 
would not normally occur under natural conditions 

•  Included in factors for corrugated cardboard, magazines/third-
class mail, newspaper, office paper, phonebooks, textbooks, 
lumber, fiberboard, food scraps, grass, leaves, branches 
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WARM Emission Factors 
(Billions of BTU) 
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EPA’s WARM 
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Waste Reduction Model (WARM) 
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WARM Results 

Recycling helps reduce GHG emissions. 
Commodity Tons* 

Recycled 
Tons* 

Landfilled 
Total 

MTCO2E ** 
Aluminum Cans 2 - (27) 
Steel Cans 6 - (10) 
Corrugated Cardboard 290 - (902) 
Phonebooks 4 - (12) 
Dimensional Lumber 283 - (696) 
Mixed Paper, Office 168 - (572) 
Mixed Metals 1,268 - (6,665) 
Mixed Plastics 6 - (8) 
Mixed Recyclables 309 - (899) 
Mixed MSW NA 11,040 17,552 
Carpet 3 - (24) 
Personal Computers 29 - (64) 
Concrete 4,159 - (32) 
Tires 5 - (9) 
Total 17,570 11,040 7,632 
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GHG Inventory Software and Calculators 

•  ICLEI’s Clean Air and Climate Protection 
Software 

•  Software for the 2006 IPCC Guidelines 
•  Climate Leaders in Public Places (CLIPP) tool 
•  ghgTrack Software 
•  HIS Greenhouse Gas Suite 
•  ESS GHG/Carbon Management Solution™ 
•  California Climate Action Registry  - CARROT 
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For Sequestration 

•  DOE National Energy Technology Laboratory 
•  National Carbon Explorer http://www.natcarb.org/  
•  Carbon sequestration program 
•  http://www.netl.doe.gov/technologies/carbon_seq/

index.html  
•  Big Sky Carbon Sequestration Project 
•  http://www.bigskyco2.org/ 
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The Future 
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QUESTIONS? 


