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1 Greenhouse Gas Inventory

1.1 Introduction

The National Renewable Energy Laboratory (NREL) serves as the U.S. Department of Energy’s (DOE) pre-eminent laboratory for energy leadership. It is NREL’s strategic intent to create clean technology options for securing our energy future.  NREL is the only national laboratory dedicated to renewable energy and energy efficiency technology research and development.  Climate Leaders is a voluntary program developed under the Environmental Protection Agency (EPA) to help commercial and governmental agencies track their carbon footprints and develop clean energy strategies to reduce their green house gas (GHG) emissions.   In keeping with our environmental policy, NREL agreed in 2003 to become a partner in the EPA’s Climate Leaders Program and set voluntary reduction goals for GHG emissions.  Greenhouse gas emission reductions are a focal point of NREL’s sustainability activities. NREL made a voluntary commitment to reduce GHG emissions by 10% by FY05, compared to FY2000 baseline.  The lab met and exceeded this goal in 2005.  NREL has established a second goal for FY2005-2009.  This document summarizes NREL’s involvement in the Climate Leaders program and documents the inventory process for the present GHG reduction goal.

Partner Contact Information:


NREL:
Frank Rukavina, Sustainable NREL Lead


Ellen Parker, Sustainable NREL Inventory coordinator



Kari Burman, Electrical Engineer, Technical support

CH2M-Hill (Technical Support)


Sheila Rygwelski, P.E.

Doug Huxley 

1.2 Background
 NREL’s initial commitment to Climate Leaders was based on the GHG emissions inventory established in 2000.   NREL agreed to a voluntary emissions reduction target of 10% by FY05 through the EPA’s Climate Leaders Program. This target was based upon emissions per square foot of leased and owned Laboratory space as well as the total emissions associated with research process loads.  In FY2005 NREL achieved its goal of reducing GHG emissions by 10% as compared to a FY2000 baseline.  NREL purchased Community Energy and Western Renewable Energy Certificates which facilitated in meeting this target.  
1.3 Goal for Climate Leaders Program
To continue to establish itself as a national leader in climate responsibility NREL established a new goal with the Climate Leaders program in FY2005.  Through the EPA Climate Leaders Program NREL has pledged to reduce its total U.S. GHG emissions by 75% from FY2005 to FY2009.   The GHG reductions are a focal point of NREL’s sustainability activities.  The laboratory is committed to implement cost effective energy retrofits, and requires all new construction to achieve certified Leadership in Energy and Environmental Design (LEED) Gold rating as a minimum. The new Science & Technology Facility (S&TF) built in 2006 features an aggressive energy efficient design with renewable energy generation and has the LEED certificate Platinum rating. In addition the lab will also increase its on-site renewable energy production while it continues to purchase clean Renewable Energy Certificates (RECs) to offset the laboratory’s CO2 footprint completely. The purchase of RECs is being done as an interim step until the renewable energy projects come on line.  

To meet the goal committed to Climate Leaders, NREL must keep an emissions inventory record to track all direct and indirect emissions from all activities under the operational control of NREL.  These activities include NREL owned and leased properties.  Since all space, leased and owned, is under the direct control of NREL, greenhouse gas emissions from all leased space are included in the emissions inventory.  
2 Methodology


2.1 Climate Leader’s Protocol

The Climate Leaders Greenhouse Gas (GHG) Inventory Guidance is based on an existing protocol developed by the World Resources Institute (WRI) and the World Business Council for Sustainable Development (WBCSD). The WRI/WBCSD GHG Protocol was developed through a collaborative process involving representatives from industry, government, and nongovernmental organizations. The Climate Leaders GHG Inventory Guidance is a modification of the WRI/WBCSD GHG Protocol that fits the needs of Climate Leaders more precisely
. 

GHG emissions are divided into three types: 

· Scope 1-Direct emissions: sources include diesel generators, propane generators, owned and leased vehicles, cooling equipment, laboratory use of SF6 as a tracer gas and purchased natural gas.  

· Scope 2- Indirect emissions:  source of emissions included in the NREL inventory are purchased electricity.  

· Scope 3 - Other Indirect emissions:  these are optional sources and include products and services to market but are not under the control of NREL. Indirect emissions include employee commuting, business travel, waste management along with processing and transportation of purchased materials.  These optional sources of emissions are not included in this Climate Leader’s goals for FY05-FY09.
2.2 Reporting Period
The reporting period for NREL’s goal is based on fiscal years 2005-2009.  This was agreed upon by NREL and the EPA since some emissions data was only available for the fiscal years cycle. The reporting is based on total emissions and not based on normalized data per square footage of owned and leased space.  Since the data is not normalized by square footage projections of laboratory growth had to be incorporated into the calculations for planning and establishing the present goal under the Climate Leader’s program.
2.3 Boundary Conditions

The basis for reporting emission data is to include all direct and indirect emissions from all activities under the operational control of NREL, which includes all NREL owned and leased properties.  It should be noted that NREL is a U.S. Department of Energy owned national laboratory that is operated and managed under contract by Midwest Research Institute and Battelle.  

A significant portion of the office space occupied by NREL is leased.  Based on the selection of the operational control method of defining organization boundaries, emissions associated with energy usage is included in the inventory irrespective of whether the lease is treated as a Capital Lease or Operating Lease in NREL financial accounting.  
2.4 Emissions Quantification

The emission quantification methodologies used are the same as those outlined in the Climate Leaders Inventory Guidance document.  E-Grid factors are used for the calculation of indirect emissions from electricity purchases and offsets associated with green power purchases.  Green power purchases and green tags are calculated and reported separately from the main inventory.  Green power and REC accounting should be reviewed based on upcoming guidance by the EPA.  Updates to E-Grid emission factors over the course of the inventory years will be accommodated and evaluated to ensure that any changes do not distort the reduction goal set during the baseline year.
A standard quantification methodology is used for calculating emissions from purchased natural gas per MMBTU.  Based on guidance from the Climate Leaders program .05279 metric tons of CO2 is generated per MMBTU of natural gas used.

Stationary combustion of CO2 factors under the Climate Leaders guidance account for carbon oxidation and are therefore reflected in the emission factors used in this inventory
Since all emission factors and defaults used are based on guidance from the Climate Leaders program and updates to the protocol, adjustments and updates will be based on information provided by the program through email notification and at Climate Leaders member meetings.  These adjustments also impact the baseline year calculations and target settings, which will be reviewed in partnership with the EPA to ensure that any distortions are fairly addressed in terms of the reduction goal and strategy.

2.5 Inventory Calculations
The Climate Leader’s program includes Excel-based calculations tools which have been customized for the NREL inventory calculations.  The original spreadsheet that was used for establishing the FY05-FY09 goal is in Appendix A. Included in the spreadsheets are the number of projected new hired as the goal is no longer normalized with the square footage factor.  The updated spreadsheet calculations that feed into the Climate Leader’s Program report is located in the Sustainable NREL directory under Climate Leaders\CL Inventory Summary_2009.   This spreadsheet includes a page that has the latest emission factors from Climate Leaders.  Below is the strategy used for calculating direct and indirect emissions for the NREL Climate Leader’s inventory.  All emissions are expressed in SI units, metric ton equivalent of CO2e.  A metric ton is a mass equal to 1,000 kg or 2,204.6 lbs.  Carbon Dioxide equivalent (C02e) includes the emissions from Carbon Dioxide (C02), Methane (CH4) and Nitrous oxide (N20).  Natural gas, propane and diesel used for backup generators are expressed in British Thermal Units (Btu).   One MMBTU is equivalent to a million (1,000,000) Btu’s. 
2.5.1 Facility List
NREL’s facilities are fairly new and designed in the 1990s to be highly energy efficient. These buildings are located on the South Mesa Table (SMT) site and the National Wind Technology Center (NWTC).  Also included in the emissions inventory is the energy used by leased facilities in Golden office park.  NREL leases office space in Buildings: 15, 16, 17, 3 and “Others”.  The buildings that fall under the category of   “Others” are the facilities on Joyce Street, Labs in building 16, the refuel facility and the Data Center in building 17.  The inventory for the owned and leased buildings include energy consumed by the Laboratory for lighting, plug loads, heating and cooling and is accounted for in the electrical and Natural gas consumption by Xcel Energy.  All of these sources of emissions are U.S. based.  This list is consistent with NREL’s Site Operations list of owned and leased facilities.  The facility list is updated annually by the site operations office (SOO).  This updated list will be provided to the inventory contact annually to ensure that any new owned or leased space is accounted for in the inventory.
For leased facilities where electricity consumption is not metered by floor and where the lease spaced is shared with other non-Laboratory entities, emissions will be estimated by using the percentage of Laboratory leased space in the building as the percentage of total emissions reported for that building based on data from electricity and gas meters.  For example, if the Laboratory leases 75% of total floor space in building A, then 75% of total emissions (derived from electricity and gas consumption) will be attributed to NREL and included in the inventory.  Since the Laboratory’s leased space is used for administrative and storage functions rather than any process-load related research it is assumed that this is a reasonable basis for these calculations.
Electricity and Natural Gas usage is recorded for the NREL inventory.  The CO2 equivalent number expressed in metric tons of CO2 is calculated by multiplying the recorded usage of electricity and natural gas by their respective emission factor for CO2, CH4 and N20. 
(Quantity purchased of Natural gas or electricity) * (Emission factor) = GHG Emission

 To calculate the total GHG emissions for electricity and natural gas, the respective emissions for CO2, CH4 and N2O (lb CO2/kWh) are added together.  Note: conversion from lbs to metric ton =1 metric ton C02e/0.0004536 lbs CO2. 
(Quantity purchased of Natural gas or electricity ) * (Emission factor C02) = GHG Emission

(Quantity purchased of Natural gas or electricity ) * (Emission factor CH4) = GHG Emission

(Quantity purchased of Natural gas or electricity ) * (Emission factor N2O) = GHG Emission
__________________________________________________________________________


The sum of the CO2, CH4 and N2O (lb) * C02e/0.0004536 lbs  =  Total GHG Emission (CO2e)
The emission factors used for electricity and Natural Gas parameters are listed below:

2.5.2 Electricity

	Emission factors for NREL's electricity usage 
	 

	 
	 
	 
	 
	 

	 
	 
	CO2 Emission Factor (lb/kWh)
	CH4 Emission Factor (lbs/kWh)
	N2O Emission Factor (lb/kWh)

	CO - WECC Rockies
	1.88308
	0.00002288
	0.00002875


2.5.3 Natural Gas

	Emission factors for NREL's natural gas usage 
	 

	 
	 
	 
	 
	 

	 
	 
	CO2 Emission Factor
 (kg CO2/MMBTU)
	CH4 Emission Factor
 (kg CO2/ MMBTU)
	N2O Emission Factor
(kg CO2/ MMBTU)

	Natural gas, commercial
	53.06
	0.005
	0.0001


2.5.4 Backup Generators
NREL’s facilities have backup generators at the SMT and NWTC for emergencies.  These generators are tested 3 times a year and the approximate amount of fuel used is recorded on the emissions spreadsheet. The amount of fuel used was obtained from fuel purchased records.  
Note: The following conversions factors were used to convert gallons of diesel and propane to British 

Thermal Units.  

1 gallon diesel = 0.140 MMBTU 

1 gallon propane = 0.092 MMBTU
The CO2 equivalent number expressed in metric tons of CO2 is calculated by multiplying the recorded usage of fuel in MMBTU’s by their respective emission factor for CO2, CH4 and N20. 

(Propane or Diesel MMBTU ) * (Emission factor) = GHG Emission

 To calculate the total GHG emissions for generators, the respective emissions for CO2, CH4 and N2O 
(kg CO2/MMBTU)) are added together.   
(Quantity purchased of  Propane or Diesel) * (Emission factor C02) = GHG Emission

(Quantity purchased of  Propane or Diesel) * (Emission factor CH4) = GHG Emission

(Quantity purchased of  Propane or Diesel) * (Emission factor N2O) = GHG Emission
__________________________________________________________________________


The sum of the CO2, CH4 and N2O (kg) * CO2e/1000 (kg)  =  Total GHG Emission (CO2e)
Emission factors for NREL's fuel use can be found in EPA Climate Leaders' Direct Emissions from Stationary Combustion Sources, May 2008, Appendix A Table A-1 and Appendix B Table B-3.and have the following values:

	Emission factors for NREL's propane usage 
	 

	 
	 
	 
	 
	 

	 
	 
	CO2 Emission Factor
 (kg CO2/MMBTU)
	CH4 Emission Factor
 (kg/MMBTU)
	N2O Emission Factor (kg/MMBTU)

	Petroleum, propane
	63.07
	0.011
	0.0006


	Emission factors for NREL's diesel usage 
	 
	 

	 
	 
	 
	 
	 

	 
	 
	CO2 Emission Factor 
(kg CO2/MMBTU)
	CH4 EmissionFactor 
      (kg/MMBTU)
	N2O Emission Factor (kg/MMBTU)

	Petroleum, 
Distillate
 fuel oil (#1, 2, & 4)
	      73.15
	0.011
	0.0006


2.5.5 Mobile Combustions Sources

Mobile source emissions are also included in the inventory but not assigned to a particular facility.  Mobile fuel source is documented in the Fast database.   Emission factors for NREL's mobile source use can be found in EPA Climate Leaders' Direct Emissions from Mobile Combustion Sources, May 2008
,   Appendix B Table B-1, Table B-4, Table B-6, and Table B-7.  For E85 fuel, use ethanol emission factor for 85% of the fuel and gasoline emission factor for remaining 15% of the fuel.  Mobile combustion source emission factors for CH4 and N2O are not currently available to apply to amounts of fuel used.  Emission factors are available for mileage tracked.  Thus the emission factors used for mobile combustion sources are separated into two parts.  The CO2 emissions factor is in terms of  kg CO2/gallon of fuel while the CH4 and N20 are calculated from the number of miles traveled.  Below are the emission factors used for CO2 (kg CO2/gal).  The CNG quantity is listed in standard cubic feet.
	Emission factors for NREL's C02  mobile  sources
	 

	 
	 
	 
	 
	 

	 
	 
	CO2 Emission Factor (kg CO2/gal)
	CH4 Emission Factor (kg/gal)
	N2O Emission Factor (kg/gal)

	Diesel, gallons
	 
	10.15
	-
	-

	Gasoline, gallons
	8.81
	-
	-

	Ethanol (E85), gallons
	5.56
	-
	-



	Emission factors for NREL's C02 mobile sources (continued)
	 

	
	
	
	
	

	 
	 
	CO2 Emission Factor 
(kg CO2/gal)
	CH4 Emission Factor 
(kg/gal)
	N2O Emission Factor
 (kg/gal)

	
	
	
	

	Biodiesel, gallons
	9.46
	-
	-

	 
	 
	 
	 
	 

	 
	 
	CO2 Emission Factor 
(kg CO2/scf)
	CH4 Emission Factor 
(kg/scf)
	N2O Emission Factor 
(kg/scf)

	CNG, standard cubic feet
	0.054
	-
	-

	 
	 
	 
	 
	 

	Emission factors for NREL's CH4 and N20  mobile  sources


	 


For the CH4 and N20 emissions for the mobile sources the calculations are based on actual miles entered for 2005.    The mileage driven in 2005 for each NREL vehicle was documented (see Appendix B) and the total miles for the years 2006-2008 were based on a ratio of the 2005 fuel type in gallons and 2005 total mileage for that fuel type.  For diesel and gasoline the CH4 and N20 emission factors were obtained from Table 3 of the Climate Leaders guidance document “Direct Emissions from Mobile Combustion sources”2.  The class and year of the car in the table in Appendix B are used to determine the gasoline or diesel N20 and CH4 emission factors.   

Example:  the miles for 2006 gas =  Miles for 2005 gas * (2006 gallons of gas/ 2005 gallons of gas).      
The CNG and E85 fuel types have emission factors listed in Table A-7 of the guidance 2 .  The class of the car determines which emission factor to use.  E85 is listed as ethanol in Table A-7.   The mobile combustion source emission factors for CH4 and N20 are not currently available to apply to the biomass portion of biodiesel fuel used.
To calculate the total GHG emissions for mobile combustion sources, the respective emissions for CO2, CH4 and N2O are added together.   
2.5.6 SF6 Tracer and Refrigerant Usage

The amount of tracer and refrigerant used was obtained from inventory and purchased records. The SF6 is used as a tracer gas and the refrigerant purchased were 404a and 134a. The amount recorded is in (kg) thus to calculate the total GHG emissions: 

(Quantity purchased (kg))   * CO2e/1000 (kg)  =  Total GHG Emission (CO2e) 
The emission factors used for the tracer and refrigerant were obtained from Climate Leaders guidance and have the following values:

	Factors (global warming potentials (GWP)) for NREL's SF6, refrigerant-404a, and refrigerant 134a.

	 
	 
	 
	 
	 

	 
	 
	SF6 GWP
	Refrigerant-404a GWP
	Refrigerant-134a GWP

	 
	 
	23,900
	3,260
	1,300


2.6 Renewable Energy Certificates (RECs)

As was mentioned earlier, E-Grid factors are used for the calculation of indirect emissions from electricity purchases and offsets associated with green power purchases.  Green power purchases and green tags are calculated and reported separately from the main inventory.  To calculate the total GHG emissions for RECs, the respective emissions for CO2, CH4 and N2O (lb CO2/kWh) are added together.  The following emission factors were recently added to the inventory since exact amount and location of the RECs purchase was verified.  
	Emission factors for NREL's 2005 RECs
	 
	 

	 
	 
	 
	 
	 

	 
	 
	 
	 
	 

	 
	 
	CO2 Emission Factor
(lb/kWh)
	CH4 Emission Factor (lbs/kWh)
	N2O Emission Factor 
(lb/kWh)

	CA - WECC California
	1.08302
	0.00003954
	0.00000555


	Emission factors for NREL's 2006 RECs
	 
	 

	 
	 
	 
	 
	 

	 
	 
	 
	 
	 

	 
	 
	CO2 Emission Factor (lb/kWh)
	CH4 Emission Factor (lbs/kWh)
	N2O Emission Factor 
(lb/kWh)

	CA - WECC California
	1.08302
	0.00003954
	0.00000555


	Emission factors for NREL's 2007 RECs
	 
	 

	 
	 
	 
	 
	 

	 
	 
	 
	 
	 

	 
	 
	CO2 Emission Factor (lb/kWh)
	CH4 Emission Factor (lbs/kWh)
	N2O Emission Factor 
(lb/kWh)

	CA - WECC California
	1.08302
	0.00003954
	0.00000555

	Emission factors for NREL's 2008 RECs
	 
	 

	 
	 
	 
	 
	 

	 
	 
	 
	 
	 

	 
	 
	CO2 Emission Factor (lb/kWh)
	CH4 Emission Factor (lbs/kWh)
	N2O Emission Factor
 (lb/kWh)

	CA - WECC California
	1.08302
	0.00003954
	0.00000555


3 Data Management


3.1 Metered Data

Metered data on electricity and natural gas use is collected and stored on a shared drive by the facility engineer in Site Operations, updated monthly, and accessed by the Inventory Contact on an annual basis.  Where necessary, the inventory manager may check this information on a more regular basis to evaluate trends in energy use and emissions during the year.  NREL owned buildings are metered individually and the leased office space is determined as a percentage of the building area occupied by NREL.

Other inventory data are provided by the facility managers at the NWTC, transportation group, the buildings group, and ES&H to the inventory manager on an annual basis and entered directly into the inventory database.  It is the responsibility of the Inventory Contact to contact these individuals directly to ensure that all required data is collected.

The inventory manager is responsible for reviewing incoming data to ensure that the correct form of data and information is being provided and to identify any potential gaps in supplied data.  If any relevant data quality issues arise, the inventory manager will contact the appropriate facility manager directly.

3.2  Data Collection Process 

Site Operations at the Laboratory keeps updated records of total square footage under Laboratory control (both owned and leased) by building.  This information is updated annually and is used as the basis for calculating the percent area of a building leased by NREL.  For each fiscal year, Site Operations staff will provide an updated version of total square footage under Laboratory control on a building by building basis, to the Inventory Contact.  This information will be used to verify that all leased space is being accounted for in metering reports for electrical and gas use at the Laboratory.
3.3  Data Collection Process – Quality Assurance
Quality Assurance will focus primarily on space heating and electrical purchase as generator fuels, SF6, and cooling equipment are very minor sources.  Since the vast majority of emissions at the Laboratory are associated with purchased electricity and natural gas, the most significant source of uncertainty is related to the metering and reporting of these purchases by Site Operations (SO) staff.  Since the accuracy of these reports are of great financial interest to both the local utility and the Laboratory there is a strong motivation for both parties to ensure the accuracy of these meters and the reports generated.

There is also a potential for human error in the transcribing of data from these reports to the inventory by the Inventory Contact, but since this data is only transferred one time and is peer reviewed by the SO engineer responsible for monitoring Laboratory energy use for accuracy, it is hoped that any discrepancies will be identified and resolved. 
A degree of uncertainty will also be introduced due to the reliance of metered data for leased space provided by the leasing company. But it is viewed that through comparing data across years and between facilities that any major discrepancies can be identified, investigated, and resolved.
3.4  Data Collection System Security
Data collection system security is maintained through a number of steps.  First, all data related to emissions reporting is kept on an internal read-only spreadsheet in a limited access directory.  Only approved SO facility engineers have access for making changes to this spreadsheet and access to the directory for review of this data is also limited to cleared staff.  This directory is also stored within the internal Laboratory computer system which is supported by relevant DOE required information security measures.  Only the inventory contact has access to the inventory reporting spreadsheets to update these spreadsheets

Based on these security and access measures, errors related to unauthorized access or damage to files is highly unlikely.  Cataloged data for past years will include a final version in PDF format by fiscal year to ensure that a hardcopy back up is available for each reporting year.
3.5  Integrated Tools
Although GHG reporting is not formally integrated into Laboratory’s reporting to DOE on annual energy use for owned facilities, it is envisioned that these reports can be mutually used to double check reports on energy and square footage data used for Laboratory owned facilities on annual basis.

3.6  Frequency

Reporting to the corporate level is carried out on annual basis after the full fiscal year emissions data has been collected and evaluated.  Corporate management can also request interim reports when necessary.  This frequency of facility data to the corporate level is considered sufficient to avoid significant errors in reporting.  Activity data is reported to the inventory contact on an annual basis but can be requested on a more frequent basis if necessary.  Metered electric and gas consumption data is updated and reviewed monthly and made available at the corporate, building manger and staff levels through the internal Laboratory website.

4 Management Tool

4.1  Roles and Responsibilities
The inventory manager is responsible for the overall development and maintenance of the inventory including identification of potential gaps in data collection and maintaining contact with relevant outside entities for reporting purposes.  The inventory coordinator works with the facility engineers and the energy engineer in site operations to collect relevant data for direct and indirect emission sources.  The SO engineer also serves as a reviewer for the inventory along with representatives from the laboratory’s Sustainable NREL program.

4.2  Training
Key Laboratory staff  were briefed on the IMP process by consultants to the EPA.  In addition, the Inventory Contact attended the January 2009 Climate Leaders webinar during which the updated inventory protocol was distributed and explained.  Due to the relatively small size of the Laboratory’s total inventory, it is felt that there is sufficient training to ensure the reliability of the inventory process and management of this program.  Relevant Laboratory staff will continue to seek additional training opportunities in the areas of emission inventory protocols and establishing effective emission reduction strategies and targets.
4.3  Document Retention and Control Policy
All documentation on the Laboratory’s participation in the Climate Leaders program will be saved electronically for the duration of the Laboratory’s participation in the partnership.  Documents retained will include relevant inventory data, reports, and related analysis.  Billing data related to indirect sources of emissions will also be saved.

Once finalized, the Inventory Management Plan (IMP) will be circulated by management to all relevant staff with clear guidance that GHG inventory activities will be carried out in adherence to the IMP.   Changes to the IMP will only be made by the Inventory Contact with the approval of Laboratory management and IMP updates will be dated and version numbered for reference.
4.4 Adjustment – Baseline
Since the inventory and reporting is not normalized based total emissions of owned and leased space, it is envisioned that adjustments to base year emissions may be necessary structural changes within the laboratory.  Any acquisition or divestiture of owned or leased property used primarily as office space will be reflected annually in the calculation of total square footage and considered organic growth; thus will be accounted for in progress toward the emissions reduction target as measured by total emissions. 

Any acquisition of research operations previously conducted by others, or spin-off of operations that would subsequently be covered by others, would be cause for rebaselining.  In addition, any changes to the "mission" of the Laboratory NREL which significantly change the proportion of office and Laboratory space could significantly change progress towards the goal and will be evaluated as a potential trigger for rebaselining.  
4.5 Adjustment – Methodology Changes
Based on the inventory’s emphasis on space heat and purchased electricity, no need for method revision should be necessary unless the Climate Leaders program revises their guidance documents.  If such revisions are made, the Laboratory will recalculate baseline and current years.

In the case where emission factors for purchased electricity are changed (as was the case for purchased electricity) the updated inventory will be evaluated to ensure that any distortions do not unfairly impact the emission reduction goal agreed upon when the original emission factors and guidance was used.  Any relevant concerns identified will be raised with the Climate Leaders program to be resolved.  As agreed with the Climate Leaders program when the target was initially established, significant impacts on energy use due to abnormally warm or cold weather in a given reporting year may also be considered when evaluating goal.

5 Auditing and Verification

5.1 Internal Auditing
One representative from Site Operations and Sustainable NREL will each be engaged annually in an internal review and audit of the inventory to identify any gaps or errors.  Following their review, they will jointly meet with the Inventory Manager to review their comments and to outline a course of action to resolve any issues raised.
5.2  External Validation and/or Verification
The IMP and its components will be reviewed for technical comment and input by CH2M-Hill on behalf of the Climate Leaders Program.  Additional external validation of the IMP or its components is not planned at this time.

5.3  Management Review
Yes, senior management including representatives from the Office Director and Associate Director level is involved in the review process of the setting of the reduction goal, the annual inventory reporting, and related analysis.  This function is outlined in section 4.1of this document.

5.4  Corrective Action
If corrective actions are identified in an internal review of the inventory process, an assessment will be made by the Inventory Contact on what steps will be necessary to correct the error or problem and to resolve the source of that problem to ensure it will not be repeated.  If necessary, relevant staff from site operations or management will be engaged in this process to ensure that the corrective action is being carried out efficiently and in accordance with both IMP guidelines and Laboratory regulations.  Corrective actions will be recorded in the annual inventory reports for future reference.
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NWTC Diesel 650,527 0 0 0 0 386 0 0 26.00 2% 0.0000
Owned Vehicles - Diesel 650,527 0 0 0 0 878gal 0.0003 0.0007 8.82 9 0.0000
Owned Vehicles - Gasoline 650,527 0 0 0 0 6600gal 0.0021 0.0020 5861 5 0.0001
Owned Vehicles - CNG* 650,527 0 0 0 0 3677gal 0.0427 0.0053 2666, 27 0.0000
Owned Vehicles - N20 650,527 0 0 0 0 0 0 0 0.00 0 0.0000
Owned Vehicles - E85 650,527 0 0 0 0 10354gal 0.0069 0.0121 67.88 68 0.0001
SF6 650,527 0 0 0 0 9.03kg 0 0 21682 216 0.0003
Refrigerants - 404a 650,527 0 0 0 0 4.54kg 0 0 14.80 15 0.0000
Refrigerants - 1342 650527 0 0 0 0 227kg 0 0 295 3 0.0000
Total 650,521 ] ] ] ] nia 0.0520 0.0201 12458 12458 0.0007
GHG Total 650,527 14,805 0.02276

“Note - CNG quanities are listed in gallons equivalent gasoline with the mulitplier of 121.5 scf CNG per gallon gasoline




[image: image4.png]Sq.F. KWh tCHA 20 €020 Gas (MMBTU) tCHA 20 €02 totalCOZ  tCO2elsqft
17 87774 2667438 0.0255 0.0318 2276 2,960 0.0141 00003 15664 2433 0.0277
16 85906 1616.335 0.0155 0.0193 1379 3,693 0.0175 00004 19543 1575 0.0183
15 29,100 469674 0.0045 0.0056 401 1129 0.0054 0.0001 59.75 461 0.0158
7 4467 55,837 0.0005 0.0007 48 2,366 00112 00002 12521 173 0.0387
Other 58380 2345435 0.0224 0.0280 2001 2447 00116 00002 12949 2131 0.0365
Total 265636 7,154,119 0.0685 0.0854 6104.87 12,595 0,059 0.0012 667 6171 0.0255
ST 403530 13317168 0.1275 01589 11363.06 43539 0.2068 00041 230405 13,667 0.0339
NwTC 56804 3045128 0.0291 0.0363 259830 0 0 0 0 259 0.0457
Total 60,334 16,362,29 0.1566 01952 1396136 13539 0.2068 00041 230405 16,265 0.0353
Facility Totals 725970 23517015 0.2261 02805 20066.23 56,134 0.2666 0.0083 2971 23,037 0.0317
On-Site PV 725,970 52216 0.0005 0.0006 4455 0 0 0 0 4455 0.0001
On-Site Wind 725,970 60,000 0.0006 0.0007 5120 0 0 0 0 51.20 0.0001
Facility Totals after On-Site power 725970 23404799 0.2240 02792 19.970.48 56,134 0.2666 0.0053 2971 2941 0.0316
RECs™ 725970 23404799 03238 00775 857210 0 0 0 0 8572 00118
Total 725,970 0 0.0000 0.0000 0.00 56,134 0.2666 0.0053 2971 2,971 0.0041
NWTC Propane 725,970 0 0 0 0 54 0 0 3.00 3 0.0000
NWTC Diesel 725,970 0 0 0 0 355 0 0 26.00 2 0.0000
Owned Vehicles - Diesel 725,970 0 0 0 0 Ogal 0.0000 0.0000 0.00 0 0.0000
Owned Vehicles - Gasoline 725,970 0 0 0 0 7443gal 0.0021 0.0020 66.05 66 0.0001
Ouwned Vehicles - CNG* 725,970 0 0 0 0 3677gal 0.0427 0.0053 2666 27 0.0000
Ouwned Vehicles - N20 725,970 0 0 0 0 0 0 0 0.00 0 0.0000
SF6 725,970 0 0 0 0 9.03kg 0 0 21582 216 0.0003
Refiigerants - 4042 725,970 0 0 0 0 4.54kg 0 0 14.80 15 0.0000
Refiigerants - 1342 725970 0 0 0 0 227kg 0 0 295 3 0.0000
Total 725,970 0 0 0 0 Wa 0.0448 00073 35528 355.28 0.0005
GHG Total 726,970 332 0.00458

*Note - CNG quanities are listed in gallons equivalent gasoline with the mulitplier of 121.5 scf CNG per gallon gasoline
“Note quantity of REC purchases assumes emission intensity of displaced power is equivalent to that of Xcel Energy’s supply to NREL




[image: image5.png]Sq.F. KWh tCHA 20 €020 Gas (MMBTU) tCHA 20 €02 totalCOZ  tCO2elsqft
17 87774 2667438 0.0255 0.0318 2276 2,960 0.0141 00003 15664 2433 0.0277
16 85906 1616.335 0.0155 0.0193 1379 3,693 0.0175 00004 19543 1575 0.0183
15 29,100 469674 0.0045 0.0056 401 1129 0.0054 0.0001 59.75 461 0.0158
7 4467 55,837 0.0005 0.0007 48 2,366 00112 00002 12521 173 0.0387
Other 58,389 3048000 00292 0.0364 2601 3,007 0.0147 00003 16389 2765 0.0473
Total 26563 1,857,284 0.0752 0.0937 670434 13,205 0.0629 0.0013 701 7,405 0.0279
ST 403530 13317168 0.1275 01589 11363.06 43539 0.2068 00041 230405 13,667 0.0339
NwTC 56804 3045128 0.0291 0.0363 259830 0 0 0 0 259 0.0457
Total 260,334 17,547,600 0.1566 01952 13961.36 54,647 0.2068 00041 230405 16,265 0.0353
Facility Totals 725970 25,404,884 02431 03031 21677.08 77892 0.3700 0.0074 4122 25799 0.0355
On-Site PV 725,970 52216 0.0005 0.0006 4455 0 0 0 0 4455 0.0001
On-Site Wind 725,970 60,000 0.0006 0.0007 5120 0 0 0 0 51.20 0.0001
Facility Totals after On-Site power 725970 25,292,668 02421 03017 2158133 77892 0.3700 0.0074 4122 25703 0.0354
RECs™ 725970 25292668 03499” 00838 926354 0 0 0 0 9.264 00128
Total 725,970 0 0.0000 0.0000 0.00 77892 03700 0.0074 2 122 0.0057
NWTC Propane 725,970 0 0 0 0 54 0 0 3.00 3 0.0000
NWTC Diesel 725,970 0 0 0 0 355 0 0 26.00 2 0.0000
Owned Vehicles - Diesel 725,970 0 0 0 0 Ogal 0.0000 0.0000 0.00 0 0.0000
Owned Vehicles - Gasoline 725,970 0 0 0 0 7443gal 0.0021 0.0020 66.05 66 0.0001
Ouwned Vehicles - CNG* 725,970 0 0 0 0 3677gal 0.0427 0.0053 2666 27 0.0000
Ouwned Vehicles - N20 725,970 0 0 0 0 0 0 0 0.00 0 0.0000
SF6 725,970 0 0 0 0 9.03kg 0 0 21582 216 0.0003
Refiigerants - 4042 725,970 0 0 0 0 4.54kg 0 0 14.80 15 0.0000
Refiigerants - 1342 725970 0 0 0 0 227kg 0 0 295 3 0.0000
Total 725,970 0 0 0 0 Wa 0.0448 00073 35528 355.28 0.0005
GHG Total 726,970 4411 0.00617

*Note - CNG quanities are listed in gallons equivalent gasoline with the mulitplier of 121.5 scf CNG per gallon gasoline
“Note quantity of REC purchases assumes emission intensity of displaced power is equivalent to that of Xcel Energy’s supply to NREL




[image: image6.png]Building Sq.Ft. KWh tCHA 20 €020 Gas (MMBTU) tCHA 20 €02 totalCOZ  tCO2elsqft
17 87774 2667438 0.0255 0.0318 2276 2,960 0.0141 00003 15664 2433 0.0277
16 85906 1616.335 00155 0.0193 1379 3693 00175 00004 19543 1575 0.0183
15 29,100 469674 0.0045 0.0056 401 1129 0.0054 0.0001 59.75 461 0.0158
7 4.467 55,837 0.0005 0.0007 48 2,366 00112 00002 12521 173 0.0387
Other 58.389 00292 0.0364 2601 0.0147 00003 16389 2765 0.0473
Total 265,636 6,454,284 0.0809 0.1009 721374 15,281 00726 0.0015 509 5,022 0.0302
ST 403530 13317168 0.1275 01589 11363.06 43539 0.2068 00041 230405 13,667 0.0339
NWTC 56804 3045128 0.0291 0.0363 259830 0 0 0 0 2598 0.0457
Total 260,334 0.1566 01952 13961.36 0.2068 00041 2304.05 16,265 0.0353
Facility Totals 725970 26.001884 02489 03102 2218647 79.928 0.3797 0.0076 4230 26416 0.0364
On-Site PV 725.970 52216 0.0005 0.0006 4455 0 0 0 0 4455 0.0001
On-Site Wind 725.970 60,000 0 0 51 0 0 0 0 51.20 0.0001
Facility Totals after On-Site power 725970 25.289.668 02420 03017 2157877 73.928 03512 0.0070 3912 25491 0.0351
RECs™ 725970 25289668 03499 008377 926244 0 [ [ [ 9.262 00128
Total 725,870 O 0.0000 0.0000 0.00 73,928 03512 0.0070 3912 3912 0.0054
NWTC Propane 725,970 0 0 0 0 54 0 0 3.00 3 0.0000
NWTC Diesel 725.970 0 0 0 0 355 0 0 26.00 2 0.0000
Owned Vehicles - Diesel 725.970 0 0 0 0 Ogal 0.0000 0.0000 0.00 0 0.0000
Owned Vehicles - Gasoline 725.970 0 0 0 0 7443gal 0.0021 0.0020 66.05 66 0.0001
Ouwned Vehicles - CNG* 725.970 0 0 0 0 3677gal 0.0427 0.0053 2666 27 0.0000
Ouwned Vehicles - N20 725.970 0 0 0 0 0 0 0 0.00 0 0.0000
SF6 725.970 0 0 0 0 9.03kg 0 0 21582 216 0.0003
Refiigerants - 4042 725.970 0 0 0 0 4.54kg 0 0 14.80 15 0.0000
Refiigerants - 1342 725,970 0 0 0 0 2.27kg 0 0 295 3 0.0000
Total 725,870 O O O O nia 0.0428 00073 355.28 355.28 0.0005
GHG Total 726,970 4,267 0.00588

*Note - CNG quanities are listed in gallons equivalent gasoline with the mulitplier of 121.5 scf CNG per gallon gasoline
“Note quantity of REC purchases assumes emission intensity of displaced power is equivalent to that of Xcel Energy’s supply to NREL



 [image: image7.png]Sq.Ft. KWh tCHA 20 €020 Gas (MMBTU) tCHA 20 €02 totalCOZ  tCO2elsqft
17 87774 2667438 0.0255 0.0318 2276 2,960 0.0141 00003 15664 2433 0.0277
16 85906 1616.335 00155 0.0193 1379 3693 00175 00004 19543 1575 0.0183
15 29,100 469674 0.0045 0.0056 401 1129 0.0054 0.0001 59.75 461 0.0158
7 4.467 55.837 0.0005 0.0007 48 2,366 00112 00002 12521 173 0.0387
Other 58.389 00292 0.0364 2601 0.0147 00003 16389 2765 0.0473
Total 26563 8,854,284 0.0847 0.1056 7555.04 16,645 0.0791 0.0016 881 8,436 0.0318
ST 403530 13317168 0.1275 01589 11363.06 43539 0.2068 00041 230405 13,667 0.0339
NWTC 56804 3045128 0.0291 0.0363 259830 0 0 0 0 2598 0.0457
Total 760,334 17,547,600 0.1566. 01952 1396136 64,641 0.2068 0.0041  2304.05 16,265 0.0353
Facility Totals 725970 26401884 02521 03150 2252778 81202 0.3861 0.0077 4302 26,830 0.0370
On-Site PV 725.970 52216 0.0005 0.0006 4455 0 0 0 0 4455 0.0001
On-Site Wind 725.970 60,000 0 0 51 0 0 0 0 5120 0.0001
Facility Totals after On-Site power 725970 25.089.668 02401 02993 21408 41292 0.1961 0.0039 2185 23593 0.0325
RECs™ 725970 25089668 0371 008317 9189.19 0 [ [ 0 9.189 00127
Total 725970 0 0.0000 0.0000 0 1292 01961 0.0039 2185 2,185 0.0030
NWTC Propane 725,970 0 0 0 0 54 0 0 3.00 3 0.0000
NWTC Diesel 725.970 0 0 0 0 355 0 0 26.00 2 0.0000
Owned Vehicles - Diesel 725.970 0 0 0 0 Ogal 0.0000 0.0000 0.00 0 0.0000
Owned Vehicles - Gasoline 725.970 0 0 0 0 7443gal 0.0021 0.0020 66.05 66 0.0001
Ouwned Vehicles - CNG* 725.970 0 0 0 0 3677gal 0.0427 0.0053 2666 27 0.0000
Ouwned Vehicles - N20 725.970 0 0 0 0 0 0 0 0.00 0 0.0000
SF6 725.970 0 0 0 0 9.03kg 0 0 21582 216 0.0003
Refiigerants - 4042 725.970 0 0 0 0 4.54kg 0 0 14.80 15 0.0000
Refiigerants - 1342 725,970 0 0 0 0 2.27kg 0 0 295 3 0.0000
Total 725,870 0 0 0 0 Wa 0.0448 00073 35528 355.28 0.0005
GHG Total 726,970 2,500 0.00350

*Note - CNG quanities are listed in gallons equivalent gasoline with the mulitplier of 121.5 scf CNG per gallon gasoline
“Note quantity of REC purchases assumes emission intensity of displaced power is equivalent to that of Xcel Energy’s supply to NREL
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Appendix B:  Millage from 2005
[image: image10.png]Total Ll ] Emission Emission Emission
DESCRIPTION FuelTors  Fol class Year | Factor gimi'_ | Factor gimil-_| Emissiong-CHt Emissiong-N20 Ermemon | Emizsion Emisslos
(CHb) (n20)

1998 FORD TAURUS s 28 PassengerCar s o0 008 s suss oot oows 0w
2000 EROVN FORD TAURUS-E35 665 205 PassengerCar 200 o055 o0er sz st oo ooz oosm
GREENFORDTAURUS 665 543 PassengerCar 2 o0 008 207 s oo oos  omee
2000 WHITE HONDA O eng 507 PassengerCar 200 o737 005 arssss 25535 oo ooms o
BOSVHTEFORDRANGER 465 ass LoTuek s o055 o0e7 s e om0 o oose
1999 GRAYDODGECARAVAN 665 6783 PassengerCar s o055 o0e7 23 1552 oot oooos  owse
NSLVERFORDFIOCNG  ong 0 LoTuek 200 or 005 woar 080 oms oo oo
200 SLVERFORD IR0 eng 5 DTk 200 o737 005 s1s85 w2 omos oo oo
200 BLUE FORDFIS0 ong 2135 LoTuek 200 o7 005 a0 s oo oo oo
2000GREENFORDFILONG  ong w2 DTk 200 o737 005 s 6125 ooos oo oo
00ELUEDODGECARAYVAN 665 2485 PassengerCar 2m oo oos? wsat w0 oo o2 oo
2002 MARDDNCHEVY S0 s 2% DTk a0 o055 o0e7 s woos omo oo oosse
2002 GREEN CHEVY 10 s EY LoTuek a0 o055 o0e s 201 ome ooz oo
02ELEDODGECARAYAN 665 355 PassengerCar a0 o055 o0e7 23989 2138 oo oows  oosss
2002 GREEN DODGE CARAYAN 665 1 PassengerCar 2 o0 oos? et w7 oo ooz ooges
02ELUEDODGE CARRYAN 665 2439 PassengerCar a0 o055 o0e7 w45 w743 oo ooz ooss
200 GREEN DODGE CARAYAN 465 95T PassengerCar 2m o0 oos? 004 a8 s oows 020
SGREENCHEWTAHOE e85 e DTk 205 o055 o0e7 6259 7525 omo oo oose
2008 CHEVY TAHOE s 97 LoTuek 205 o055 o0e sogas ss850 omos oos o2
2000 WHITE FORDF eng e DTk 200 o737 005 [y ass s oo ooaos
1998 VHITEFORDECONOLINE  urieadsd 4055 PassengerCar e oness oo oot e oot o2 oosk
1998 GOLOFORD 5-PASS. VAN ong 228 PassengerCar s o737 005 e 40 omr oo oo
00ERGNDY BPASSYAN  ong 2405 PassengerCar 200 or 005 24s 2025 e oo oo
1997 REDCHEVY STKEDWILFT  ureadsd ans DTk w97 o0ss2 oosn w15 w20 omo oons oo
1997 FEDCHEVY STKEDWILFT  uneadsd s LoTuek w97 ooss2 oo w2 awar omo oons  oose
1998 VHT DODGE S00VLFT  uneaded 2 DTk 5 oot o028 ey 2637 omo ooz ooser
1998 VHT DODGE SS00VLFT  uneaded sts LoTuek 5 oot ooz 15106 ssa50 s ooms 027
2009 GREENFORDEXFLORER 665 7 DTk 203 o055 o0e7 ey s oms o7 o2
2005 FORDEXPLORER s ansn LoTuek 205 o055 o0e o s omos oows o
198 MARDONCHEVY TAHDE  urleadsd o1s DTk s o021 oosss 539 w28 omo oo oome
202 ELUE CHEVY 200 ong e LoTuek a0 or 005 a4 80 omss  ooos oz
RVHTECHEW/TAHOE  e65 = DTk a0 o055 o0E7 ] a0 omor ooms oz
2004 GREENCHEWSILY. 2500 ong 5 LoTuek o or 005 s 75 omes  oooe 022
2004 CHEVY SILVERADD eng 1080 DTk 204 o737 005 s 200 oma ooz o
MSLVERCHEVYTAHDE e85 2198 LoTuek 203 o055 o0e7 w2z w2z oo oo osm
204 VHTECHEVY SV 800 665 o8 DTk e o055 o0e7 w15 839 omos oows oess
4GREVCHEWSLY BN 665 oo LoTuek e o055 o0e 081 w2z omm oos  ome
2004 CHEVY SIL. 2500 eng a7 DTk e o737 005 253 w038 omzr ooz onw
2004 CHEVY SIL. 2500 ong s LoTuek e or 005 o 120 oo oos o
1998 VHT DODGE S500VIFLOW  urleadsd 283 DTk % o091 o028 152 2w om0 oo oo
1998 SLVER DODGE 2500 unleaded = LoTuek s o021 oosss w2 286 omo ooz oo
20MBLUE FORDFBOWIPLOY  uneadsd 80 DTk B oos1 ooe 728 s omo oo oom
MVHTENTLEOKTRUCK  diesel £ LoTuek ) oo oo ans st om0 oome oo
2001 GREEN STAKEEED dessl e DTk ] oo oo as 57 om0 oo oo
BFT0FLAT EED desal s LoTuek 53 o000 oo 12 2 om0 s oooos
2004 RED FORD TAURUS s 245 PassengerCar 204 o055 o0e7 520 s oo oo oo
RVHTECHEW/TAHOE  e65 s LoTuek a0 o055 o0e 642 eenss oows o7 ozms
RVHTECHEV/TAHOE  e65 2t DTk a0 o055 o0e7 1% 931 oo ooms oz
1998 CHERDKEE. unleaded o LoTuek s o021 oosss 28 Fy om0 oo ooes
LeasedDieselF-350 desal ess DTk o008 oo w1 w7 om0 oo ooost
unedDump Trusk unleaded 091 HO Truck a0 oosts o7 s w2ss omo oo oosss
Total 264761 44559 15461 00446 00155 573
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Appendix A:  NREL’s Original Projected GHG Emissions Inventory Spreadsheets (2005-2009)



































































































































































































































� EPA, Climate Leader’s Design Principles, � HYPERLINK "http://www.epa.gov/climateleaders/documents/resources/design-principles.pdf" �http://www.epa.gov/climateleaders/documents/resources/design-principles.pdf�





� EPA, Climate Leaders Greenhouse Gas Inventory Protocol Core Module Guidance, “Direct Emissions from Mobile Combustion Sources”,  May 2008
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