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Process Documentation File 

 

Process Name: Blended Conventional and F-T Jet Fuel, Acquisition, 
Transport, Conversion, Delivery and Use: 10% Chipped 
Biomass   

Reference Flow: 1 MJ of Blended Conventional and F-T Jet Fuel, Combusted 

Brief Description: This process includes all inputs for the raw material 
acquisition, raw material transportation, energy conversion, 
product transport, and end use for 1 MJ of combusted 
blended conventional and F-T jet fuel. 

 

Section I: Meta Data 

Geographical Coverage: US Region: N/A 

Year Data Best Represents: 2011 

Process Type: Energy Conversion (EC) 

Process Scope: Cradle-to-Gate Process (CG)  

Allocation Applied: No 

Completeness: Individual Relevant Flows Captured 

Flows Aggregated in Data Set: 

Process Energy Use  Energy P&D  Material P&D  
Relevant Output Flows Included in Data Set: 

Releases to Air: Greenhouse Gases  Criteria Air  Other  

Releases to Water: Inorganic  Organic Emissions  Other   

Water Usage: Water Consumption  Water Demand (throughput)  

Releases to Soil: Inorganic Releases  Organic Releases  Other   

 

Adjustable Process Parameters: 

Coal_mine_methane Amount of methane released from the 
mining and coal cleaning process 

Biomass_yield Southern pine biomass yield 
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Coal_distance Transport distance for coal from the 
mine to the CBTL facility 

Biomass_dist Transport distance for biomass from the 
field to the CBTL facility  

Biomass_treat Binary switch to select biomass 
treatment scenario: 0 = Chipped 
Biomass; 1 = Torrefied Biomass 

CO2_pipe_length CO2 pipeline length from the CBTL 
facility to the EOR site 

CO2_pipe_loss Loss of CO2 per km of pipeline distance 

Jet_pipe_length Jet fuel pipeline length from the CBTL 
facility to the user 

Jet_trans_scen Binary switch to select blended jet fuel 
transport scenario: 1 = Pipeline; 0 = 
Pipeline (60%) and Truck (40%) 

 

Tracked Input Flows: 

Montana Rosebud Coal Mass of Montana Rosebud sub-
bituminous coal required per reference 
flow 

Southern Pine Biomass Mass of Southern pine biomass required 
per reference flow 

Conventional Jet Fuel Conventional jet fuel required per 
reference flow 

Water Water required per reference flow 

Energy Resources Energy Requirements per reference flow 

 
 

Tracked Output Flows: 

Blended Conventional and F-T Jet Fuel,  Reference flow 
     Combusted [Valuable Substance]  
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Section II: Process Description 

Associated Documentation 

This unit process is composed of this document and the data sheet (DS) 
DS_CTG_CCAT_Conv_and_FTjet_10_Percent_Chipped_Biomass_2012.01.xlsx, 
which provides additional details regarding relevant calculations, data quality, 
and references. 

Goal and Scope 

This unit process provides a summary of relevant input and outpsut flows 
associated with the acquisition and transport of coal and biomass to a coal and 
biomass-to-liquids (CBTL) facility for conversion to Fischer Tropsch (F-T) jet fuel. 
The unit process also accounts for the blending of the finished F-T jet fuel 
product with conventional jet fuel, transport to the user, and combustion in an 
aircraft. This unit process examines a scenario in which there is 10% chipped 
green biomass and 90% coal converted to F-T jet fuel at the CBTL facility in a 
single gasifier. Available adjustable parameters and their default values are 
provided in Section I. The reference flow of this unit process is: 1 MJ of Blended 
Conventional and F-T Jet Fuel, Combusted 

Boundary and Description 

LC stage #1, raw material acquisition (RMA) of southern pine, includes land preparation 
for the southern pine production, cultivation of southern pine, and the harvesting and 
storing of the southern pine. Most of the data used in the formation of the operation 
processes are from states in the US Midwest. 

The RMA of southern pine includes the construction of the machinery needed for RMA 
operation processes. Within the machinery construction, upstream processes (for 
example, steel or rubber) are included.  

The biomass processes are set up slightly differently than some of the other feedstocks. 
Unlike other RMA pathways, biomass has a set order of operations for its production. 
The product from one process is the input to another process which lends itself to 
assembly of the model in series. Each of the operations use a distinct set of machinery, 
and each piece is constructed as many times as needed during the study period. For 
the operation processes, each requires diesel fuel and calculates the emissions based 
on the diesel consumed. The cultivation process also includes the production and 
application of different fertilizers (potassium, nitrogen and phosphorus). 

The construction processes for machinery contain all of the machinery needed for the 
initial clearing of the site, cultivation, and harvesting of the southern pine. The 
machinery includes: 

• Tiller 
(DS/DF_Stage1_C_Tiller_5015_lbs_TractorPropelled_2009.01.doc) 
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• Tractor 
(DS/DF_Stage1_C_Diesel_Tractor_165_HP_2009.01.doc) 

• Tree Planter 
(DS/DF_Stage1_C_Treeplanter_4500_lbs_TractorPropelled_2009.01.doc) 

• Tree Harvester 
(DS/ DF_Stage1_C_Tree_Harvester_Chipper_440_HP_2010.01.doc) 

• Pushoff Trailer 
(DS/ DF_Stage1_C_Pushoff_Trailer_60m3_Tractor_Propelled.01.doc) 

Each piece of equipment is scaled to the production of one kilogram of southern pine 
accounting for the lifetime of each piece of equipment, as relevant. 

LC stage #1, RMA for subbituminous coal, includes the construction of an aboveground 
Powder River Basin – Montana Rosebud coal mine and required operation equipment, 
the operation of the coal mine, and the commissioning and decommissioning of the 
mine. The mine was modeled based on a compilation of surface mines in Wyoming and 
Montana, producing Montana Rosebud Coal. 

Each of the processes included in RMA for Montana Rosebud coal include upstream 
processes (for example, diesel fuel or steel). Coal mine construction and operation 
include individual construction unit processes for key equipment, which are aggregated 
within the model as described below. 

Coal mine commissioning and decommissioning integrates diesel and gasoline use 
during commissioning and decommissioning of the Montana Rosebud mine. Due to lack 
of available data, coal mine decommissioning was assumed to require 10% of the 
commissioning inputs. The coal mine operation includes energy from the power grid 
and diesel use for the operation of the mine and mine equipment. Coal mine methane 
emissions are included as an adjustable parameter in this process. 

The construction process contains key machinery needed for the initial clearing of the 
site and the extraction of the coal. The machinery includes: 

• Blasthole Drill 
(DS/DF_Stage1_C_Blasthole_Drill_250000lb_2010.01.doc) 

• Coal Loading Silo 
(DS/DF_Stage1_C_Coal_Loading_Silo_PRB_2010.01.doc) 

• Conveyor System 
(DS/ DF_Stage1_C_Conveyor_System_48_Inch_2010.01.doc) 

• Dragline 
(DS/ DF_Stage1_C_Dragline_8200ton_2010.01.doc) 

• Coal Loader 
(DS/ DF_Stage1_C_Track_Loader_239_HP_2010.01.doc) 

• Mining Truck 
(DS/ DF_Stage1_C_Mining_Truck_623690kg_2010.01.doc) 
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• Electric Shovel 
(DS/ DF_Stage1_C_Electric_Shovel_120_Tons_Payload_2010.01.doc) 

• Coal Crusher 
(DS/ DF_Stage1_C_Coal_Crusher_254000lb_2010.01.doc) 

Each piece of equipment is scaled to coal mine production, accounting for the lifetime 
of each piece of equipment, as relevant. 

LC Stage #2, raw material transport (RMT), includes the transport of the southern pine 
from the farm to the energy conversion facility (LC Stage #3). The construction of 
equipment used to transport southern pine and the operation of that equipment are the 
two processes within RMT. Southern pine transport takes place via a chip truck, which 
is suitable for the transport of southern pine, and which is powered by diesel. The 
transport distance is an adjustable parameter for RMT. 

Construction of the truck for RMT includes the materials required to construct the 
following piece of equipment for transport: 

• Container/Chip Truck 
(DS/ DF DF_Stage2_C_Chip_Truck_Biomass_Transport_2010.01.doc) 

LC Stage #2 (RMT) includes the transport of the mined and processed Montana 
Rosebud subbituminous coal from the aboveground coal mine site to the energy 
conversion facility (LC Stage #3). The construction of equipment used to transport 
mined coal and the operation of that equipment are considered within RMT. Coal 
transport takes place via a diesel powered train/locomotive, which is suitable for the 
transport of coal. The transport distance is an adjustable parameter for RMT. 

Construction of the train for RMT includes the materials required to construct the 
following piece of equipment for transport: 

• Coal railcar  
(DS/DF_Stage2_C_Railcar_244000_lbs_Net_Capacity_2009.01) 

• Diesel locomotive  
(4,400 horsepower) (DS/DF_Stage2_C_Locomotive_2009.01) 

• Coal unit train (100 railcars and the required number of locomotives) 
 (DS/DF_Stage2_C_Assembly_Coal_Unit_Train_100_Cars_2010.01) 

LC Stage #3, energy conversions facility (ECF), includes grinding and drying of southern 
pine biomass prior to the combination with the Montana Rosebud coal for reaction in 
the CBTL facility in a single gasifier. The CBTL process creates the following products: 
F-T Jet Fuel, F-T Diesel Fuel, F-T Naphtha, F-T Liquefied Petroleum Gas (LPG), and 
Electricity. The main product of interest in this study is F-T jet fuel. All co-products are 
allocated by means of system expansion, meaning displacement of conventional 
production methods for those products. Because no existing commercial scale CBTL 
energy conversion facilities have been produced, there are no real world data sources 
for construction requirements of the modeled CBTL facility. Therefore, the analysis 
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provided here relies on proxy data to estimate the total construction materials required 
for the construction of the CBTL facility. Specifically, construction requirements for 
concrete, steel, pipe, iron, and aluminum were quantified based on prior estimates for a 
hypothetical CBTL facility, as previously estimated by NETL for a separate modeling 
effort 

The CBTL facility includes a carbon capture system which sends the captured stream to 
be used for Enhanced Oil Recovery (EOR). ECF includes the construction of the EOR 
facility as well as any emissions from the operations of that facility. The products of 
EOR include crude oil and natural gas liquids. Similar to the handling of the co-products 
at the CBTL facility, the crude oil and natural gas liquids produced from EOR displace 
conventional production methods.  

LC Stage #4, product transport (PT), includes pipeline transport of F-T jet fuel from the 
CBTL facility to a blending station. At the blending facility, the F-T jet fuel is blended 
with conventional, petroleum-based jet fuel. The pipeline used for transporting the F-T 
jet fuel to the refinery/blending station is assumed to be a pre-existing pipeline used to 
transport petroleum products. However, it is assumed that an approximately 20 mile 
length of pipeline will need to be constructed to connect the CBTL facility to the existing 
portion of the petroleum pipeline. Construction related materials and emissions are 
included for this 20-mile pipeline segment. Total distance from the CBTL facility to the 
refinery/blending station was assumed to be 225 miles.  F-T jet fuel is blended with 
conventional jet fuel on a 1:1 basis (by volume). Blended jet fuel, which is the resulting 
fuel following blending, is tracked through the remainder of the life cycle model. 
Blended fuels transport is modeled according to two separate options. The first option 
includes exclusive pipeline delivery of the blended jet fuel to a single large airport, while 
the second includes pipeline delivery to a single large airport, plus tanker truck delivery 
to additional smaller regional airports. 

LC Stage #5, end use, includes the combustion of the blended jet fuel stream in an 
aircraft. End use also accounts for the construction of the aircraft.  

A visual schematic of the life cycle model is shown in Figure 1. The profiles and 
processes included in the five stages of the life cycle model are provided in Table 2. 
Those shown in bold face were developed by NETL. 
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Figure 1: Unit Process Scope and Boundary  

 
 

Table 1: Profiles and Processes Included in the CTG Model for CBTL Jet Fuel 

CBTL Life Cycle - All Scenarios - System Expansion 

 
Stage #1 - Montana Rosebud Coal Production 

  
RMA - Rosebud Coal Mining, Commissioning/Decommissioning 

   
Diesel - NETL Baseline <u-so> 

   
US: Commissioning and Decommissioning of Rosebud Coal Mine NETL <u-so> 

  
RMA - Rosebud Coal Mining, Construction 

   
Blasthole Drill Construction 

    
US: Blasthole Drill, 250,000 lbs, Construction NETL <u-so> 

    
WOR: Steel Plate, BF, Manufacture NETL <u-so> 

   
Coal Crusher Construction 

    
DE: Steel cold rolled PE 

    
US: Coal Crusher, 254,000 lbs, Construction NETL <u-so> 

   
Conveyor Construction 

    
BF: Hot-dip Galvanized NETL 

    
DE: Steel cold rolled PE 

    
DE: Styrene-butadiene rubber mix (SBR) PE 

    
US: Steel-Cord Conveyor System, 72", Construction NETL <u-so> 

   
Dragline Construction 

    
US: Dragline, 8,200 ton, Construction NETL <u-so> 

    
WOR: Steel Plate, BF, Manufacture NETL <u-so> 

   
Electric Shovel Construction 

    
US: Electric Shovel, 120 tons payload, Construction NETL <u-so> 

    
WOR: Steel Plate, BF, Manufacture NETL <u-so> 

   
Mining Truck Construction 
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DE: Styrene-butadiene rubber mix (SBR) PE 

    
US: Mining Truck for Surface Mine, 623,690 kg, Construction NETL <u-so> 

    
WOR: Steel Plate, BF, Manufacture NETL <u-so> 

   
Silo Construction 

    
US National Average Electricity Mix, 2007 

    
US: Coal-Loading Silo, 12,000 Tons, Rosebud, Construction NETL <u-so> 

    
US: Concrete, ready mixed, R-5-0 (100% Portland Cement) NETL <u-so> 

    
WOR: Steel Plate, BF, Manufacture NETL <u-so> 

   
Track Loader Construction 

    
US: Track Loader, 239 Horsepower (HP), Construction NETL <u-so> 

    
WOR: Steel Plate, BF, Manufacture NETL <u-so> 

   
US: Rosebud Surface Mine Assembly, Construction NETL <u-so> 

  
RMA - Rosebud Coal Mining, Operation 

   
US National Average Electricity Mix, 2007 

   
Diesel - NETL Baseline <u-so> 

   
RER: Ammonium nitrate PE 

   
US: Fuel oil light at refinery PE 

   
US: Rosebud Surface Subbituminous Coal Mine, Operations NETL <u-so> 

  
US: STAGE#1: COAL MINE CONSTRUCTION & OPERATION NETL 

 
Stage #1 - Southern Pine Biomass Production 

  
RMA - Southern Pine Cultivation, Construction 

   
Tiller, Construction 

    
US: Tiller, 5015 lbs, Tractor-Propelled, Construction NETL <u-so> 

    
WOR: Steel Plate, BF, Manufacture NETL <u-so> 

   
Tractor, Construction 

    
US: Diesel Tractor, 165 Horsepower, Construction NETL <u-so> 

    
WOR: Steel Plate, BF, Manufacture NETL <u-so> 

   
Tree Planter (SRWC), Construction 

    
US: Treeplanter, 4500 lbs, Tractor-Propelled, Construction NETL <u-so> 

    
WOR: Steel Plate, BF, Manufacture NETL <u-so> 

   
US: Southern Pine Cultivation Assembly, Construction NETL <u-so> 

  
RMA - Southern Pine Cultivation, Operation 

   
Direct Land Use - Southern Pine <u-so> 

   
Indirect Land Use - Southern Pine <u-so> 

   
Average K Fertilizer 

    
US National Average Electricity Mix, 2007 

    
EU-15: Average K Fertilizer NETL 

   
Average N Fertilizer 

    
US National Average Electricity Mix, 2007 

    
DE: Ammonia (NH3) PE 

    
DE: Nitric acid (98%) PE 

    
EU-15: Average N Fertilizer NETL 

   
Average P Fertilizer 
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US National Average Electricity Mix, 2007 

    
DE: Sulphuric acid (96%) PE 

    
EU-15: Average P Fertilizer NETL 

    
US: Phosphate NETL 

   
US National Average Electricity Mix, 2007 

   
Diesel - NETL Baseline <u-so> 

   
US: Southern Pine Biomass Cultivation, Operation NETL <u-so> 

  
RMA - Southern Pine Harvesting, Construction 

   
Disc Wood Micro-chipper Construction 

    
US: Disc Micro-Chipper for Wood, 765 HP NETL <u-so> 

    
WOR: Steel Plate, BF, Manufacture NETL <u-so> 

   
Skidder Construction 

    
US: Grapple Skidder 172 HP, Construction NETL <u-so> 

    
WOR: Steel Plate, BF, Manufacture NETL <u-so> 

   
Standard Drum Chipper Construction 

    
US: Standard Drum Wood Chipper, 630 HP, Construction NETL <u-so> 

    
WOR: Steel Plate, BF, Manufacture NETL <u-so> 

   
Tree Harvester Construction 

    
US: Tree Harvester, 241 HP, Construction NETL <u-so> 

    
WOR: Steel Plate, BF, Manufacture NETL <u-so> 

   
US: Southern Pine Harvesting Assembly, Construction NETL <u-so> 

  
RMA - Southern Pine Harvesting, Operation 

   
Diesel - NETL Baseline <u-so> 

   
US: Southern Pine Harvesting & Storage, Operation NETL <u-so> 

  
RMA - Southern Pine Land Preparation, Operation 

   
Diesel - NETL Baseline <u-so> 

   
US: SRWC Southern Pine Land Preparation, Operation NETL <u-so> 

 
Stage #2 - Montana Rosebud Coal Transport 

  
Coal Train Construction 

   
RER: Aluminum sheet mix PE 

   
US: Coal Railcar, 244000 lbs Net Capacity, Construction NETL <u-so> 

   
US: Coal Unit Train Assembly, 100 Railcars, Construction NETL <u-so> 

   
US: Diesel Locomotive, 4400 Horsepower, Construction NETL <u-so> 

   
WOR: Steel Plate, BF, Manufacture NETL <u-so> 

   
WOR: Steel, Stainless, 316 2B, 80% Recycled NETL <u-so> 

  
Transport of Coal via Train, Operation 

   
Diesel - NETL Baseline <u-so> 

   
US: Coal, Train Transport NETL <u-so> 

  
US: Assembly: Coal Rail Transport (Construction & Operation) NETL 

 
Stage #2 - Southern Pine Biomass Transport 

  
Biomass Truck & Container Trailer, Construction 

   
DE: Lead (99,995%) PE 

   
DE: Styrene-butadiene rubber mix (SBR) PE 
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RER: Aluminum sheet mix PE 

   
RER: Nylon 6.6 granulate (PA 6.6) ELCD/PlasticsEurope <p-agg> 

   
RER: Polyurethane flexible foam (PU) PlasticsEurope 

   
US: Chip Truck, Biomass Transport, Construction NETL <u-so> 

   
WOR: Steel Plate, BF, Manufacture NETL <u-so> 

  
Diesel - NETL Baseline <u-so> 

  
US: Tractor Trailer Biomass Transport, Class 8B, Operation NETL <u-so> 

 
Stage #3 - CBTL Facility - All Scenarios - System Expansion 

  
Biomass Drying 

 
   

Natural Gas RMA/RMT 2009 Mix 02022012 <u-so> 

   
US: Biomass Drying for Coal-Biomass Cofiring NETL <u-so> 

  
CBTL Facility Construction 

   
DE: Aluminum sheet mix PE 

   
DE: Cast iron part PE <p-agg> 

   
US: CBTL Facility Construction NETL 

   
US: Concrete, ready mixed, R-5-0 (100% Portland Cement) NETL <u-so> 

   
US: US National Average Electricity Mix, 2007 080811 NETL 

   
US: Thermal energy from heavy fuel oil PE 

   
WOR: Steel Pipe, Welded, BF, Manufacture NETL <u-so> 

   
WOR: Steel Plate, BF, Manufacture NETL <u-so> 

  
CO2 Management 

 
   

CO2 Pipeline Operation and Construction 

    
US: Carbon Dioxide (CO2) Pipeline, Construction NETL <u-so> 

    
US: CO2 Pipeline Operation NETL <u-so> 

    
WOR: Steel Pipe, Welded, BF, Manufacture NETL <u-so> 

   
CO2 Sequestration Operation and Construction 

    
US National Average Electricity Mix, 2007 

    

US: Carbon Dioxide (CO2) Sequestration Pipeline & Injection Well, 
Construction NETL <u-so> 

    
US: CO2 Saline Sequestration Operation NETL <u-so> 

    
US: Concrete, ready mixed, R-5-0 (100% Portland Cement) NETL <u-so> 

    
WOR: Steel Pipe, Welded, BF, Manufacture NETL <u-so> 

   
Enhanced Oil Recovery 

    
Conventional Crude Oil - National Average, 2010 

    
Enhanced Oil Recovery Construction 

    
US National Average Electricity Mix, 2007 

    
Diesel - NETL Baseline <u-so> 

    
Enhanced Oil Recovery Operations <u-so> 

    
Natural Gas RMA/RMT 2009 Mix 02022012 <u-so> 

    
US: Liquid gas LPG (70% propane; 30% butane) PE 

    
US: System expansion (Crude Oil) NETL 

    
US: System expansion (NGL) NETL 

  
US National Average Electricity Mix, 2007 Busbar 
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Biomass to CBTL Pretreatment <u-so> 

  
Diesel - NETL Baseline <u-so> 

  
US: FT Jet Fuel from CBTL - Generic Scenario NETL <u-so> 

  
US: Liquid gas LPG (70% propane; 30% butane) PE 

  
US: Naphtha at refinery PE 

  
US: Sulphur at refinery PE 

  
US: System expansion (Diesel) NETL 

  
US: System expansion (Electricity) NETL 

  
US: System expansion (LPG) NETL 

  
US: System expansion (Naphtha) NETL 

  
US: System expansion (Sulphur) NETL 

 

Stage #4 - Product 
Transport 

 
  

Blended Fuels Transport 

   
Blended Fuels Transport Construction 

    
Fuel Transport Pipeline Construction 

    
Fuels Tanker Trailer Construction 

    

US: Assembly of fuel transport construction and 
installation/deinstallation NETL <u-so> 

   
US National Average Electricity Mix, 2007 

   
Diesel - NETL Baseline <u-so> 

   
Finished Jet Fuels Transportation Mixer <u-so> 

   
US: Blended Jet Fuel Transport to Aircraft, Operation NETL <u-so> 

   
US: Tractor-Trailer Liquid Fuels Transport, Class 8B, Operation NETL <u-so> 

  
Finished Fuels Blending 

   
US National Average Electricity Mix, 2007 

   
Jet - NETL Baseline Updated to 2010 <u-so> 

   
US: Fischer-Tropsch and Conventional Jet Fuel Blending NETL <u-so> 

  
F-T Finished Fuels Transport 

   
Fuel Transport Pipeline Construction 

    
Diesel - NETL Baseline <u-so> 

    
US: Fuel Transport Pipeline, Construction NETL <u-so> 

    
WOR: Steel Pipe, Welded, BF, Manufacture NETL <u-so> 

   
US National Average Electricity Mix, 2007 

   

US: Pipeline Transport and Blending Energy Requirements for F-T Jet Fuel NETL <u-
so> 

 
Stage #5 - Use - Airplane Construction and Operations 

  
RER: Aluminum sheet mix PE 

  
US: Airplane Combustion of Blended F-T/Conventional Jet Fuel Updated NETL <u-so> 

  

US: Jet Aircraft, 46 Short Tons, Construction NETL <u-so> 
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Parameters and Balances 

The parameters for the highest level modeling plans for the CBTL jet fuel model are 
shown in Table 2. These parameters may or may not include the adjustable 
parameters shown previously depending on how the model was created. Table 3 
presents a summary level review of the input and output balances for resources and 
emissions of interest for the cradle-to-gate plan. Table 4 shows the full suite of results 
for the input and output balances. 

Table 2: Adjustable Parameters included in the in the CTG Model for CBTL Jet Fuel 

Plan Parameter Value Comment 
LC Stage #1: Raw Material Acquisition 
Stage #1 - Montana 
Rosebud Coal 
Production 

Coal_mine_methane 40 
[scf/ton] Amount of methane released 
from the mining and coal cleaning 
process 

Stage #1 - Southern 
Pine Biomass 
Production 

Biomass_yield 6,350 [kg/acre-yr] Southern pine biomass yield 

LC Stage #2: Raw Material Transport 
Stage #2 - Montana 
Rosebud Coal 
Transport 

Coal_distance 1,600 [miles] Transport distance for coal from 
the mine to the CBTL facility 

Stage #2 - Southern 
Pine Biomass 
Transport 

Biomass_dist 40 [miles] Transport distance for biomass 
from the field to the CBTL facility 

LC Stage #3: Energy Conversion Facility 

Stage #3 - CBTL Facility Biomass_treat 0 [dimensionless] 0 = Chipped Biomass; 1 = 
Torrefied Biomass 

CO2 Pipeline 
Operation and 
Construction 

CO2_pipe_length 775 [miles] CO2 pipeline length from the 
CBTL facility to the EOR site 

CO2 Pipeline 
Operation and 
Construction 

CO2_pipe_loss 2.6E-07 [%/km] Loss of CO2 per km of pipeline 
distance 

LC Stage #4: Product Transport 
F-T Finished Fuels 
Transport Jet_pipe_length 225 [miles] Jet fuel pipeline length from the 

CBTL facility to the user 
F-T Finished Fuels 
Transport Jet_trans_scen 1 [dimensionless] 1 = Pipeline; 0 = Pipeline 

(60%) and Truck (40%) 
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Table 3: Unit Process Input and Output Flows 

Flow Name Value Units (Per Reference 
Flow) 

Inputs 
Montana Rosebud Coal 9.563E-02 kg 
Southern Pine Biomass 1.696E-02 kg 
Conventional Jet Fuel 1.182E-02 kg 
Water 7.552E+00 kg 
Energy Resources -4.353E-02 kg 
Outputs 
Blended Conventional and F-T Jet Fuel, Combusted 
[Valuable Substance] 1.00 MJ 

Carbon dioxide 9.296E-02 kg 
Methane 1.038E-05 kg 
Nitrous oxide (laughing gas) 4.355E-06 kg 
Nitrogen oxides 2.666E-04 kg 
Sulphur dioxide -3.936E-05 kg 
Carbon monoxide 1.779E-04 kg 
Dust (unspecified) 1.513E-05 kg 
Lead (+II) -1.612E-10 kg 
Mercury (+II) 1.450E-09 kg 
Ammonia 1.156E-06 kg 
Radioactive emissions to air -2.592E-12 kg 
Group NMVOC to air 1.640E-04 kg 
Heavy metals to industrial soil -3.632E-05 kg 
Waste (solid) 1.486E-04 kg 
Aluminum (+III) 5.570E-06 kg 
Ammonium / ammonia 2.268E-06 kg 
Heavy metals to fresh water 2.787E-05 kg 
Nitrate 1.721E-07 kg 
Nitrogen 9.190E-06 kg 
Phosphate -8.568E-09 kg 
Phosphorus 6.100E-06 kg 
Water (output) 1.934E-01 kg 
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Table 1: Inputs and Output Balances for Cradle-to-Gate and Life Cycle Stages for CBTL 
Jet Fuel (kg/MJ combusted) 

Process or Category CTG 

Inputs 
     

Flows 7.517E+00 

  Resources 7.513E+00 

    Energy resources -4.353E-02 

      Non renewable energy resources -4.353E-02 

        Crude oil (resource) -4.401E-02 

        Hard coal (resource) -6.690E-04 

        Lignite (resource) -1.896E-05 

        Natural gas (resource) 1.173E-03 

        Uranium (resource) -2.677E-10 

      Renewable energy resources -5.061E-08 

      Unspecified 0.000E+00 

        Energy unspecified (APME) 0.000E+00 

    Land use 0.000E+00 

    Material resources 7.539E+00 

      Non renewable elements 2.558E-05 

        Aluminum -4.616E-11 

        Chromium 4.097E-13 

        Copper 6.521E-14 

        Iron 2.544E-05 

        Lead 4.050E-13 

        Magnesium 4.851E-16 

        Mercury 1.224E-13 

        Nickel 1.507E-15 

        Phosphorus 4.848E-11 

        Sulphur 1.147E-09 

        Zinc 1.416E-07 

      Non renewable resources -9.652E-03 

        Barium sulphate -1.140E-16 

        Basalt -8.904E-07 

        Bauxite 5.468E-05 

        Bentonite -1.858E-04 

        Calcium carbonate (CaCO3) 2.597E-05 

        Calcium chloride -1.168E-14 

        Chalk (Calciumcarbonate) 7.653E-40 
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        Chromium ore (39%) 1.145E-06 

        Clay -1.212E-05 

        Colemanite ore -1.431E-09 

        Copper - Gold - Silver - ore (1,0% Cu; 0,4 g/t Au; 66 g/t Ag) -1.458E-07 

        Copper - Gold - Silver - ore (1,1% Cu; 0,01 g/t Au; 2,86 g/t Ag) -8.883E-08 

        Copper - Gold - Silver - ore (1,16% Cu; 0,002 g/t Au; 1,06 g/t Ag) -5.014E-08 

        
Copper - Molybdenum - Gold - Silver - ore  (1,13% Cu; 0,02% Mo; 0,01 
g/t Au; 2,86 g/t Ag) 

-1.766E-08 

        Copper ore (0.14%) -3.526E-07 

        Copper ore (1.2%) -1.512E-08 

        Copper ore (4%) -6.798E-17 

        Copper ore (sulphidic, 1.1%) -2.060E-08 

        Dolomite 2.281E-06 

        Feldspar (aluminum silicates) 3.419E-11 

        Ferro manganese 1.006E-13 

        Fluorspar (calcium fluoride; fluorite) 4.124E-07 

        Granite 1.073E-20 

        Gravel -6.495E-07 

        Gypsum (natural gypsum) -6.691E-06 

        Heavy spar (BaSO4) -4.495E-04 

        Ilmenite (titanium ore) -3.064E-12 

        Inert rock -8.913E-03 

        Iron ore (56,86%) -1.175E-04 

        Iron ore (65%) -4.459E-09 

        Kaolin ore -2.523E-09 

        Lead - zinc ore (4.6%-0.6%) -3.595E-05 

        Limestone (calcium carbonate) -3.097E-04 

        Magnesit (Magnesium carbonate) -1.320E-10 

        Magnesium chloride leach (40%) -2.766E-06 

        Manganese ore 2.744E-07 

        Manganese ore (R.O.M.) -1.417E-06 

        Molybdenite (Mo 0,24%) -1.083E-08 

        Molybdenum ore (0.1%) 3.969E-07 

        Natural Aggregate -2.373E-05 

        Nickel ore (1,5%) 2.813E-07 

        Nickel ore (1.6%) -5.002E-06 

        Olivine 1.047E-12 

        Peat -1.449E-07 
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        Phosphate ore 1.217E-05 

        Phosphorus minerals 1.387E-07 

        Phosphorus ore (29% P2O5) 9.682E-14 

        Potassium chloride 3.392E-04 

        Precious metal ore (R.O.M) -5.489E-10 

        Quartz sand (silica sand; silicon dioxide) -5.140E-06 

        Raw pumice -2.984E-10 

        Rutile (titanium ore) 5.559E-11 

        sand 1.240E-10 

        Slate 2.509E-12 

        Sodium chloride (rock salt) 1.068E-06 

        Sodium nitrate 2.040E-20 

        Sodium sulphate 4.605E-11 

        Soil -9.988E-06 

        Sulphur (bonded) -4.681E-13 

        Talc -1.055E-10 

        Tin ore -9.890E-18 

        Titanium ore -4.658E-07 

        Zinc - copper ore (4.07%-2.59%) -6.082E-06 

        Zinc - lead - copper ore (12%-3%-2%) -2.505E-06 

        Zinc - lead ore (4.21%-4.96%) -2.321E-17 

        Zinc ore (4%) -1.076E-07 

        Zinc ore (sulphidic, 4%) -1.157E-16 

      Renewable resources 7.549E+00 

        Water 7.552E+00 

          Water 1.752E-02 

          Water (feed water) 7.129E-06 

          Water (ground water) 8.185E-01 

          Water (lake water) -1.512E-06 

          Water (municipal) -1.347E-06 

          Water (river water) 1.808E-01 

          Water (sea water) -4.400E-04 

          Water (storm) 5.905E+00 

          Water (surface water) 6.271E-01 

          Water (well water) 3.442E-07 

          Water (well-produced water) 3.915E-03 

          Water (with river silt) 7.420E-17 
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          Water,turbine use, unspecified natural origin 0.000E+00 

        Air -3.425E-03 

        Carbon dioxide -2.079E-05 

        Nitrogen 1.933E-08 

        Oxygen 0.000E+00 

      Unspecified -1.325E-08 

        Unspecified minerals -3.013E-09 

        Unspecified resources -1.023E-08 

    Area of Production Land 0.000E+00 

    Rosebud Subbituminous Coal 0.000E+00 

    SRWC Biomass 1.696E-02 

    Watertube or Firetube Industrial Boiler, 150,000 lbs/hr Capacity 0.000E+00 

  Valuable substances 4.054E-03 

    Construction 0.000E+00 

      Crusher Facility 0.000E+00 

      Loading Silo 0.000E+00 

      Rosebud Coal Commissioning 0.000E+00 

    Energy carrier 1.093E-04 

      Electric power 0.000E+00 

        Intermediate 0.000E+00 

          Hard Coal (Illinois No 6) 0.000E+00 

        System-dependent 0.000E+00 

          Electricity (Average Gen II Nuclear Reactor) 0.000E+00 

          Power (from biomass power) 0.000E+00 

          Power (from hard coal) 0.000E+00 

          Power (from heavy fuel oil) 0.000E+00 

          Power (from hydropower) 0.000E+00 

          Power (from lignite) 0.000E+00 

          Power (from natural gas) 0.000E+00 

          Power (from wind power) 0.000E+00 

        FT Power 0.000E+00 

        Power 0.000E+00 

      Fuels 1.093E-04 

      Thermal energy 0.000E+00 

        Energy (recovered) 0.000E+00 

        Thermal energy (MJ) 0.000E+00 

    Installation 0.000E+00 
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    Materials 7.774E-04 

      Concrete_Cement 9.871E-05 

        Asphalt 0.000E+00 

        Cement, Portland 9.871E-05 

        Concrete, ready mix, R-5-0 0.000E+00 

        Gravel 8mm 0.000E+00 

      Intermediate products 3.635E-06 

      Materials from renewable raw materials 0.000E+00 

        K Fertilizer 0.000E+00 

        N Fertilizer 0.000E+00 

        P Fertilizer 0.000E+00 

      Metals 0.000E+00 

        Aluminum sheet 0.000E+00 

        Copper (99.999%; electrolyte copper) 0.000E+00 

        Hot-dip Galvanized Steel 0.000E+00 

        Lead (99.995%) 0.000E+00 

        Stainless steel (cold rolled) 0.000E+00 

        Stainless steel, 316 2B, 80% Recycled 0.000E+00 

        Steel cold rolled (St) 0.000E+00 

        Steel plate, BF (85% Recovery Rate) 0.000E+00 

        Steel, pipe welded, BF (85% Recovery Rate) 0.000E+00 

      Minerals 3.465E-04 

        Aggregate, Coarse 2.166E-04 

        Aggregate, Fine 1.299E-04 

        Oil shale (fired) 1.911E-08 

      Operating materials 3.286E-04 

        Cooling water 3.286E-04 

      Plastics 0.000E+00 

        Nylon 6.6 granulate (PA 6.6) 0.000E+00 

        Polyurethane flexible foam (PU) 0.000E+00 

        Styrene-butadiene-rubber (SBR) 0.000E+00 

    Systems 0.000E+00 

    Assembly of fuel transport construction and installation/deinstallation 0.000E+00 

    Chip Truck 0.000E+00 

    Coal mix 0.000E+00 

    Coal Railcar, 244000 lbs Net Capacity 0.000E+00 

    Coal Unit Train Assembly, 100 Railcars, per kg Coal Transported 0.000E+00 
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Process or Category CTG 

    Diesel Locomotive, 4400 Horsepower 0.000E+00 

    EOR Construction Pieces 0.000E+00 

    FT Diesel 0.000E+00 

    FT jet fuel from CBTL Facility 0.000E+00 

    FT Naphtha 0.000E+00 

    I6 Commissioning 0.000E+00 

    Natural gas 2009 Mix 0.000E+00 

    Natural Gas Processed 3.168E-03 

    PRB Coal Surface Mine 0.000E+00 

    PRB comm 0.000E+00 

    tanker truck used for fuel transport 0.000E+00 

  Ecoinvent 0.000E+00 

  Others 4.177E-04 

    Cargo 4.177E-04 

  Production residues in life cycle 2.328E-05 

    Hazardous waste for recovery 3.392E-18 

      Carcass meal 3.392E-18 

    Waste for recovery 2.328E-05 

      Cast iron scrap -1.553E-10 

      Industrial waste (incineration) 0.000E+00 

      Steel scrap (alloyed) -2.797E-11 

      Steel scrap (St) 2.070E-08 

      Steel Scrap, Carbon 1.179E-05 

      Steel Scrap, Stainless (304 from external supply) 0.000E+00 

      Steel Scrap, Stainless (316 from external supply) 1.147E-05 

      Steel Scrap, Stainless (430 from external supply) 0.000E+00 

  Deposited goods 3.581E-09 

    Consumer waste 3.581E-09 

      Municipal waste 3.581E-09 

    Stockpile goods 0.000E+00 

      Overburden (deposited) 0.000E+00 

Output       
 

Flows 2.990E-01 

  Resources 1.934E-01 

    Energy resources 0.000E+00 

      Non renewable energy resources 0.000E+00 

        Crude oil (resource) 0.000E+00 
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        Hard coal (resource) 0.000E+00 

        Non Renewable Energy 0.000E+00 

      Renewable energy resources 0.000E+00 

      Total Primary Energy 0.000E+00 

    Land use 0.000E+00 

      Hemeroby 0.000E+00 

        Occup. as Forest land 0.000E+00 

    Material resources 1.934E-01 

      Renewable resources 1.934E-01 

        Water 1.934E-01 

          Water 0.000E+00 

          Water (feed water) 0.000E+00 

          Water (ground water) 0.000E+00 

          Water (river water) 0.000E+00 

          Water (sea water) 0.000E+00 

          Water (storm runoff) 1.878E-01 

          Water (wastewater) 8.601E-03 

          Water (wastewater) -2.967E-03 

        Nitrogen 0.000E+00 

        Oxygen 9.495E-07 

    Land Area Required 0.000E+00 

    Rosebud Subbituminous Coal 0.000E+00 

    Watertube or Firetube Industrial Boiler, 150,000 lbs/hr Capacity 0.000E+00 

  Valuable substances 1.641E-05 

  Ecoinvent -1.392E-06 

  Others 2.803E-07 

    Cargo 0.000E+00 

    Cargo (Foreign) 2.803E-07 

  Production residues in life cycle 9.498E-03 

    Hazardous waste for disposal 1.587E-05 

      Chromium containing slag -8.413E-12 

      Dross (Fines) 1.055E-07 

      Natrium oxide 1.794E-07 

      Red mud (dry) 1.558E-05 

      Soil and sand containing heavy metals -1.039E-09 

      Toxic chemicals (unspecified) 2.423E-09 

    Hazardous waste for recovery 5.889E-07 
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      Used oil 2.837E-08 

      Waste water processing residue 5.606E-07 

    Waste for disposal 1.712E-04 

      Incineration good 1.217E-09 

      Sludge from water works (6% dry matter-content) 7.846E-12 

      Waste (solid) 1.486E-04 

      Waste for disposal (unspecified) 5.997E-10 

      Waste from steel works 2.266E-05 

    Waste for recovery 9.310E-03 

      Aluminum scrap 2.932E-14 

      Ash 9.307E-03 

      Boiler ash (unspecified) 0.000E+00 

      Chemicals (unspecified) 9.328E-10 

      Cooling water 3.180E-06 

      Cryolite 4.919E-08 

      Dross 4.382E-09 

      Filter dust -1.335E-12 

      Fly ash (unspecified) 0.000E+00 

      Furnace clinker -3.338E-13 

      Gypsum 0.000E+00 

      Gypsum (contaminated) -5.325E-17 

      Gypsum (FDI) -2.645E-12 

      Plastic (unspecified) 1.265E-09 

      Production residues (unspecified) 9.024E-12 

      Rolling gravel 6.173E-10 

      Rolling tinder -1.870E-13 

      Slag 1.983E-08 

      Slag (containing precious metal) -1.235E-13 

      Slag (Iron plate production) -7.101E-09 

      Slag (Mn 6,5%) -2.007E-09 

      Waste paper -1.744E-13 

      Wood 8.896E-13 

      Wooden pallet (EURO) 5.295E-18 

    Mixed Waste (Hazardous or Radioactive) -1.699E-08 

    Neutralized residues -4.935E-13 

  Deposited goods -8.075E-03 

    Consumer waste 6.740E-07 
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      Bulky waste -3.032E-08 

      Bulky waste from steel production -3.172E-09 

      Industrial waste for municipal disposal 1.535E-09 

      inert chemical waste 0.000E+00 

      Liquid waste 4.060E-12 

      Mineral waste 9.747E-09 

      Municipal waste 0.000E+00 

      Organic waste 8.932E-10 

      Packaging waste (metal) 4.874E-12 

      Packaging waste (plastic) 1.080E-18 

      Paper (unspecified) 1.533E-11 

      Rubber -3.300E-09 

      Waste (unspecified) 6.986E-07 

    Hazardous waste 1.619E-06 

      Carbon (unspecified) 1.152E-07 

      Carbon filter dust 2.708E-08 

      Dust containing heavy metals -6.701E-10 

      Dust containing zinc -2.929E-09 

      Ferriferous furnace slags -2.412E-08 

      Filter dust 2.724E-08 

      Filter tar 4.861E-09 

      Furnace clinker 7.291E-08 

      Glass fibres 1.079E-09 

      Hazardous waste (underground deposit) 1.096E-07 

      Hazardous waste (unspec.) 1.718E-07 

      Hazardous waste from steel production -1.897E-09 

      Heavy metal sludge -4.784E-10 

      Inert chemical waste 1.472E-10 

      Liquid hazardous waste 0.000E+00 

      Oxalate (Alumina production) 7.221E-08 

      Refractory 1.975E-07 

      Slag 2.988E-09 

      Sludge 8.325E-07 

      Soot 1.440E-08 

    Radioactive waste 3.147E-08 

      CaF2 (low radioactice) 3.194E-11 

      Highly radioactive waste 9.528E-11 
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      Highly-active fission product solution 0.000E+00 

      Jacket and body material 0.000E+00 

      Medium and low radioactive liquid waste 0.000E+00 

      Medium and low radioactive wastes 1.131E-10 

      Plutonium as residual product 1.896E-13 

      Radioactive tailings 3.042E-08 

      Slag (Uranium conversion) 2.115E-10 

      Uranium depleted 2.188E-10 

      Uranium spent as residue 0.000E+00 

      Volatile fission products (inert gases;iodine;C14) 0.000E+00 

      Waste radioactive 3.835E-10 

    Stockpile goods -8.077E-03 

      Ash 0.000E+00 

      Demolition waste (deposited) 3.440E-08 

      Overburden (deposited) -7.782E-03 

      Sand (Alumina production) 1.188E-06 

      Slag (deposited) -2.250E-08 

      Spoil (deposited) -3.255E-04 

      Tailings -2.796E-08 

      Treatment residue (mineral, deposited) -7.044E-09 

      Waste from Steel Manufacturing 2.957E-05 

    Solid Waste (crystal) 0.000E+00 

  Emissions to air 9.254E-02 

    Heavy metals to air -6.621E-08 

      Antimony -3.559E-12 

      Arsenic (+V) -4.631E-11 

      Arsenic trioxide -2.494E-14 

      Cadmium (+II) -4.745E-13 

      Chromium (+III) -5.204E-12 

      Chromium (+VI) 8.904E-13 

      Chromium (unspecified) 1.544E-09 

      Cobalt -2.069E-11 

      Copper (+II) -6.417E-11 

      Heavy metals to air (unspecified) -8.792E-13 

      Hydrogen arsenic (arsine) -2.070E-12 

      Iron -1.698E-09 

      Lanthanides -6.392E-15 
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      Lead (+II) -1.612E-10 

      Manganese (+II) -1.390E-10 

      Mercury (+II) 1.450E-09 

      Molybdenum 6.395E-11 

      Nickel (+II) -6.161E-10 

      Palladium -3.232E-19 

      Rhodium -3.120E-19 

      Selenium -4.824E-11 

      Silver 2.394E-19 

      Tellurium -6.938E-13 

      Thallium -5.091E-12 

      Tin (+IV) -1.364E-11 

      Titanium -3.715E-13 

      Vanadium (+III) -6.327E-08 

      Zinc (+II) -3.170E-09 

    Inorganic emissions to air 9.301E-02 

      Ammonia 1.156E-06 

      Ammonium -4.640E-14 

      Ammonium nitrate -2.750E-15 

      Argon -9.105E-13 

      Barium -2.830E-07 

      Beryllium -2.553E-12 

      Boron compounds (unspecified) -2.957E-10 

      Bromine -1.496E-10 

      Carbon dioxide 1.097E-01 

      Carbon dioxide (biotic) 6.720E-08 

      Carbon dioxide (biotic) -1.674E-02 

      Carbon disulphide 9.533E-14 

      Carbon monoxide 1.779E-04 

      Carbon monoxide (biotic) -1.541E-13 

      Chloride (unspecified) -1.013E-08 

      Chlorine 2.264E-11 

      Cyanide (unspecified) -1.053E-09 

      Fluoride 7.821E-09 

      Fluorides -1.019E-09 

      Fluorine -2.602E-13 

      Helium -9.752E-11 
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      Hydrogen -2.093E-08 

      Hydrogen bromine (hydrobromic acid) -5.711E-12 

      Hydrogen chloride -2.682E-08 

      Hydrogen cyanide (prussic acid) -9.215E-13 

      Hydrogen fluoride 3.710E-09 

      Hydrogen iodide -8.287E-16 

      Hydrogen phosphorous 2.565E-13 

      Hydrogen sulphide -2.621E-07 

      Lead dioxide -6.718E-13 

      Nitrogen (atmospheric nitrogen) -1.846E-06 

      Nitrogen (N-compounds) -1.781E-13 

      Nitrogen dioxide 3.710E-06 

      Nitrogen monoxide 3.818E-11 

      Nitrogen oxides 2.666E-04 

      Nitrous oxide (laughing gas) 4.355E-06 

      Oxygen -1.670E-05 

      Scandium -3.213E-15 

      Steam -3.598E-04 

      Strontium -1.227E-13 

      Sulphur dioxide -3.936E-05 

      Sulphur hexafluoride 1.394E-09 

      sulphur oxide 8.863E-06 

      Sulphuric acid -1.316E-10 

      Tin oxide -1.012E-16 

      Unspecified Particles -2.466E-08 

      Zinc oxide -2.023E-16 

      Zinc sulphate -5.216E-11 

    Organic emissions to air (group VOC) 1.765E-04 

      Group NMVOC to air 1.640E-04 

        Group PAH to air -8.855E-09 

          Anthracene -6.665E-12 

          Benzo{a}anthracene -3.353E-12 

          Benzo{a}pyrene -5.609E-11 

          Benzo{ghi}perylene -2.991E-12 

          Benzofluoranthene -5.983E-12 

          Chrysene -8.237E-12 

          Dibenz(a)anthracene -1.865E-12 
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          Indeno[1,2,3-cd]pyrene -2.226E-12 

          Naphthalene -6.998E-10 

          Phenanthrene -2.198E-10 

          Polycyclic aromatic hydrocarbons (PAH) -7.848E-09 

        Halogenated organic emissions to air 1.841E-09 

          Dichloroethane (ethylene dichloride) -1.854E-14 

          Dichloromethane (methylene chloride) 5.143E-15 

          Dioxins (unspec.) -1.250E-15 

          Halogenated hydrocarbons (unspecified) 6.226E-13 

          Halon (1301) 0.000E+00 

          Polychlorinated biphenyls (PCB unspecified) -4.548E-12 

          Polychlorinated dibenzo-p-dioxins (2,3,7,8 - TCDD) -6.844E-17 

          R 11 (trichlorofluoromethane) -9.271E-13 

          R 114 (dichlorotetrafluoroethane) -9.497E-13 

          R 116 (hexafluoroethane) 1.920E-10 

          R 12 (dichlorodifluoromethane) -1.995E-13 

          R 13 (chlorotrifluoromethane) -1.252E-13 

          R 22 (chlorodifluoromethane) -2.178E-13 

          Tetrafluoromethane 1.724E-09 

          Vinyl chloride (VCM; chloroethene) -6.861E-11 

        Acetaldehyde (Ethanal) -8.250E-10 

        Acetic acid -9.868E-11 

        Acetone (dimethylcetone) -7.270E-10 

        Acrolein -4.703E-11 

        Aldehyde (unspecified) -5.316E-11 

        Alkane (unspecified) -6.927E-10 

        Alkene (unspecified) -6.250E-10 

        Aromatic hydrocarbons (unspecified) -7.726E-13 

        Benzene -1.612E-08 

        Butadiene -4.087E-14 

        Butane -3.375E-06 

        Butane (n-butane) -2.720E-10 

        Caprolactam 1.745E-17 

        Cumene (isopropylbenzene) -1.185E-20 

        Cyclohexane (hexahydro benzene) 2.617E-13 

        Diethylamine -1.041E-18 

        Ethane -8.949E-06 
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        Ethanol -3.659E-11 

        Ethene (ethylene) -2.272E-10 

        Ethyl benzene -7.523E-10 

        Fluoranthene -2.170E-11 

        Fluorene -6.887E-11 

        Formaldehyde (methanal) 1.576E-04 

        Heptane (isomers) -1.200E-07 

        Hexamethylene diamine (HMDA) -2.404E-15 

        Hexane (isomers) -1.776E-07 

        Mercaptan (unspecified) -9.098E-10 

        Methanethiol -6.271E-10 

        Methanol -3.558E-11 

        NMVOC (unspecified) 3.729E-05 

        Octane -6.602E-08 

        Pentane (n-pentane) -1.125E-06 

        Phenol (hydroxy benzene) -4.073E-14 

        Propane -1.706E-05 

        Propene (propylene) -5.627E-11 

        Propionic acid (propane acid) -8.825E-15 

        Styrene 5.444E-15 

        Toluene (methyl benzene) -2.120E-09 

        Trimethylbenzene -9.853E-16 

        Xylene (dimethyl benzene) -3.908E-09 

      Hydrocarbons (unspecified) -1.876E-09 

      Methane 1.038E-05 

      Methane (biotic) 2.737E-09 

      Organic chlorine compounds 7.768E-13 

      Unspecified Organic Compounds -1.714E-14 

      VOC (unspecified) 2.149E-06 

    Other emissions to air -6.629E-04 

      Aldehydes, unspecified -8.571E-15 

      Carbonyl sulfide (US LCI) 3.258E-15 

      Exhaust -1.689E-03 

      non used primary energy from wind power 0.000E+00 

      Particulate Matter, unspecified 6.678E-05 

      Sand (Silica) (SiO2) -1.634E-10 

      Unused primary energy from solar energy 0.000E+00 
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      Used air 9.588E-04 

      Waste heat 0.000E+00 

    Particles to air 1.654E-05 

      Dust (PM10) -3.891E-07 

      Dust (PM2,5 - PM10) 5.608E-07 

      Dust (PM2.5) -4.530E-07 

      Dust (Portland cement kiln) 1.697E-06 

      Dust (unspecified) 1.513E-05 

      Metals (unspecified) 6.460E-13 

      Unspecified Organic Chlorine Compounds -1.131E-13 

      Wood (dust) -3.733E-14 

    Radioactive emissions to air -2.592E-12 

      Antimony (Sb124) 0.000E+00 

      Argon (Ar41) 0.000E+00 

      Carbon (C14) 0.000E+00 

      Cesium (Cs134) 0.000E+00 

      Cesium (Cs137) 0.000E+00 

      Cobalt (Co58) 0.000E+00 

      Cobalt (Co60) 0.000E+00 

      Hydrogen (H3) 0.000E+00 

      Iodine (I129) 0.000E+00 

      Iodine (I131) 0.000E+00 

      Krypton (Kr85) 0.000E+00 

      Krypton (Kr85m) 0.000E+00 

      Plutonium (Pu alpha) 0.000E+00 

      radionuclides 0.000E+00 

      Radon (Rn222) 0.000E+00 

      Uranium (total) -2.592E-12 

      Uranium (U234) 0.000E+00 

      Uranium (U235) 0.000E+00 

      Uranium (U238) 0.000E+00 

      Xenon (Xe131m) 0.000E+00 

      Xenon (Xe133) 0.000E+00 

      Xenon (Xe133m) 0.000E+00 

      Xenon (Xe135) 0.000E+00 

      Xenon (Xe135m) 0.000E+00 

      Xenon (Xe137) 0.000E+00 
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      Xenon (Xe138) 0.000E+00 

    Unspecified Heavy Metals -8.833E-18 

  Emissions to fresh water 1.254E-02 

    Analytical measures to fresh water -1.608E-05 

      Adsorbable organic halogen compounds (AOX) -9.306E-09 

      Biological oxygen demand (BOD) 2.365E-07 

      Chemical oxygen demand (COD) -2.831E-06 

      Nitrogenous Matter (unspecified, as N) 5.634E-09 

      Solids (dissolved) -3.924E-05 

      Total Biochemical Oxygen Demand 0.000E+00 

      Total dissolved organic bounded carbon 2.748E-07 

      Total Dissolved Solids 2.570E-05 

      Total organic bounded carbon -2.080E-07 

      Total Suspended Solids 0.000E+00 

    Heavy metals to fresh water 2.787E-05 

      Aluminium 2.379E-07 

      Antimony 4.943E-08 

      Arsenic (+V) 1.587E-07 

      Cadmium (+II) 1.119E-08 

      Chromium (+III) -1.046E-11 

      Chromium (+VI) 1.527E-10 

      Chromium (unspecified) 2.629E-07 

      Cobalt -2.240E-11 

      Copper (+II) 2.170E-07 

      Heavy metals to water (unspecified) -2.772E-10 

      Iron 1.518E-05 

      Lead (+II) 5.368E-07 

      Manganese (+II) 1.208E-06 

      Mercury (+II) 4.078E-09 

      Molybdenum 2.310E-11 

      Nickel (+II) 3.901E-06 

      Selenium 1.057E-08 

      Silver 4.814E-08 

      Strontium -7.269E-08 

      Thallium -8.744E-13 

      Tin (+IV) -7.140E-11 

      Titanium -1.933E-11 
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      Unspecified Substance -7.640E-14 

      Uranium -1.138E-06 

      Vanadium (+III) -6.145E-10 

      Zinc (+II) 7.253E-06 

    Inorganic emissions to fresh water 1.243E-02 

      Acid (calculated as H+) 1.194E-08 

      Acidity 0.000E+00 

      Aluminum (+III) 5.570E-06 

      Ammonia 6.037E-05 

      Ammonia, as N 6.906E-12 

      Ammonium (total N) 4.536E-09 

      Ammonium / ammonia 2.268E-06 

      Barium 1.034E-06 

      Beryllium -6.622E-15 

      Boron -2.092E-09 

      Bromate 6.880E-15 

      Bromine -2.988E-12 

      Calcium (+II) 4.626E-05 

      Carbonate 7.484E-05 

      Chlorate 6.974E-12 

      Chloride -1.597E-04 

      Chlorine (dissolved) -2.205E-08 

      Copper ion (+II/+III) 3.579E-12 

      Cyanide 4.486E-07 

      Fluoride 2.501E-06 

      Fluorine -2.744E-10 

      Hydrogen chloride -5.258E-12 

      Hydrogen fluoride (hydrofluoric acid) -2.883E-12 

      Hydrogen Ions (H+) -1.706E-11 

      Hydroxide 3.351E-08 

      Inorganic salts and acids (unspecified) 6.218E-20 

      Iron ion (+II/+III) 1.659E-09 

      Magnesium (+III) -4.184E-08 

      Magnesium chloride -8.792E-14 

      Metal ions (unspecific) 4.849E-10 

      Neutral salts 1.533E-13 

      Nickel ion (+III) 1.036E-10 
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      Nitrate 1.721E-07 

      Nitrate (as total N) -2.740E-13 

      Nitrogen 9.190E-06 

      Nitrogen (as total N) 2.010E-08 

      Nitrogen organic bounded -1.007E-07 

      Phosphate -8.568E-09 

      Phosphorus 6.100E-06 

      Potassium -1.242E-09 

      Silicate particles 1.225E-09 

      Sodium (+I) -1.417E-07 

      Sodium chloride (rock salt) 2.118E-05 

      Sodium hypochlorite 5.285E-13 

      Sulfates 4.019E-03 

      Sulphate -2.396E-05 

      Sulphide -3.717E-07 

      Sulphite -4.838E-11 

      Sulphur -2.154E-09 

      Sulphur dioxide 0.000E+00 

      Sulphuric acid -6.779E-10 

      Total Dissolved Solids 8.370E-03 

      Unspecified Iron Oxides -1.956E-13 

      Unspecified Oil -6.931E-13 

      Unspecified Organic Chlorine compounds -1.571E-15 

      Unspecified Salt -6.285E-12 

      Unspecified Solids (Suspended) -2.440E-11 

    Organic emissions to fresh water -1.790E-06 

      Halogenated organic emissions to fresh water -3.829E-12 

        1,2-Dibromoethane 6.146E-17 

        Chlorinated hydrocarbons (unspecified) -9.543E-14 

        Chloromethane (methyl chloride) -3.729E-12 

        Dichloroethane (ethylene dichloride) -7.822E-16 

        Dichloropropane -1.930E-18 

        Polychlorinated dibenzo-p-dioxins (2,3,7,8 - TCDD) -2.524E-18 

        Vinyl chloride (VCM; chloroethene) -4.321E-15 

      Hydrocarbons to fresh water -1.224E-06 

        Acenaphthene -5.723E-12 

        Acenaphthylene -2.421E-12 
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        Acetic acid -6.543E-11 

        Acrylonitrile -1.411E-13 

        Anthracene -9.413E-12 

        Aromatic hydrocarbons (unspecified) -2.605E-09 

        Benzene -1.230E-08 

        Benzo{a}anthracene -7.438E-13 

        Benzofluoranthene -2.676E-13 

        Chrysene -3.081E-12 

        Cresol (methyl phenol) -5.580E-11 

        Ethyl benzene -6.421E-10 

        Fluoranthene -8.483E-13 

        Hexane (isomers) -6.092E-12 

        Hydrocarbons (unspecified) 3.040E-08 

        Methanol 1.867E-07 

        Oil (unspecified) -1.402E-06 

        Phenol (hydroxy benzene) -1.205E-08 

        Polycyclic aromatic hydrocarbons (PAH, unspec.) -3.597E-10 

        Toluene (methyl benzene) -7.691E-09 

        Xylene (isomers; dimethyl benzene) -2.671E-09 

      Carbon, organically bound -5.659E-07 

      Naphthalene -3.897E-10 

      N-unspecified (N) -5.424E-13 

      Organic chlorine compounds (unspecified) 1.390E-13 

      Organic compounds (dissolved) 1.588E-10 

      Organic compounds (unspecified) 1.406E-11 

      Unspecified wastewater -4.102E-10 

    Other emissions to fresh water 0.000E+00 

      Detergent (unspecified) 0.000E+00 

      non used primary energy from water power 0.000E+00 

      Unused primary energy from geothermal 0.000E+00 

      Waste heat 0.000E+00 

      Waste water 0.000E+00 

    Particles to fresh water 9.111E-05 

      Metals (unspecified) 2.761E-12 

      Silicon dioxide (silica) 5.489E-09 

      Soil loss by erosion into water -5.217E-11 

      Solids (suspended) -1.544E-04 
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      Suspended solids, unspecified 3.918E-09 

      Total suspended solids 2.455E-04 

      Unspecified Oxides -1.626E-13 

    Radioactive emissions to fresh water 0.000E+00 

      Americium (Am241) 0.000E+00 

      Antimony (Sb124) 0.000E+00 

      Antimony (Sb125) 0.000E+00 

      Carbon (C14) 0.000E+00 

      Cesium (Cs134) 0.000E+00 

      Cesium (Cs137) 0.000E+00 

      Cobalt (Co58) 0.000E+00 

      Cobalt (Co60) 0.000E+00 

      Curium (Cm alpha) 0.000E+00 

      Hydrogen (H3) 0.000E+00 

      Iodine (I129) 0.000E+00 

      Iodine (I131) 0.000E+00 

      Manganese (Mn54) 0.000E+00 

      Plutonium (Pu alpha) 0.000E+00 

      Radionuclides 0.000E+00 

      Radium (Ra226) 0.000E+00 

      Ruthenium (Ru106) 0.000E+00 

      Silver (Ag110m) 0.000E+00 

      Strontium (Sr90) 0.000E+00 

      Thorium (Th234) 0.000E+00 

      Uranium 0.000E+00 

    Bromide 0.000E+00 

    Radionuclide 0.000E+00 

    Sulfite 0.000E+00 

    Unspecified Solids (Dissolved) -4.703E-11 

    Uranium (total) -1.057E-13 

  Emissions to sea water -8.582E-04 

    Analytical measures to sea water -5.054E-06 

      Adsorbable organic halogen compounds (AOX) -3.443E-13 

      Biological oxygen demand (BOD) -3.798E-07 

      Chemical oxygen demand (COD) -4.294E-06 

      Total organic bounded carbon -3.798E-07 

    Heavy metals to sea water -1.189E-06 
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      Arsenic (+V) -6.299E-09 

      Cadmium (+II) -3.206E-09 

      Chromium (unspecified) -9.650E-09 

      Cobalt -7.487E-10 

      Copper (+II) -3.002E-08 

      Iron -6.480E-08 

      Lead (+II) -8.832E-09 

      Manganese (+II) -6.428E-09 

      Mercury (+II) -1.264E-10 

      Molybdenum -5.036E-10 

      Nickel (+II) -9.149E-09 

      Silver -1.283E-09 

      Strontium -1.033E-06 

      Tin (+IV) -1.536E-09 

      Titanium -1.565E-10 

      Vanadium (+III) -7.091E-10 

      Zinc (+II) -1.221E-08 

    Inorganic emissions to sea water -5.494E-04 

      Aluminum (+III) -5.038E-09 

      Ammonia -1.497E-07 

      Barium -1.028E-07 

      Beryllium -1.890E-11 

      Boron -8.146E-08 

      Calcium (+II) -8.896E-06 

      Carbonate -6.467E-06 

      Chloride -5.199E-04 

      Magnesium -2.214E-06 

      Nitrate -8.382E-09 

      Sodium (+I) -7.584E-06 

      Sulphate -2.734E-06 

      Sulphide -1.177E-06 

      Sulphur -4.359E-08 

      Sulphur dioxide 0.000E+00 

    Organic emissions to sea water -3.356E-07 

      Hydrocarbons to sea water -3.339E-07 

        Acenaphthene -3.852E-11 

        Acenaphthylene -1.505E-11 
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        Acetic acid -3.715E-12 

        Anthracene -2.187E-11 

        Aromatic hydrocarbons (unspecified) -3.798E-09 

        Benzene -3.915E-08 

        Benzo{a}anthracene -7.837E-12 

        Benzofluoranthene -7.865E-12 

        Chrysene -4.262E-11 

        Cresol (methyl phenol) -1.129E-09 

        Ethyl benzene -1.650E-09 

        Fluoranthene -9.097E-12 

        Hexane (isomers) -1.233E-10 

        Oil (unspecified) -2.265E-07 

        Phenol (hydroxy benzene) -2.727E-08 

        Toluene (methyl benzene) -2.777E-08 

        Xylene (isomers; dimethyl benzene) -6.364E-09 

      Naphthalene -1.721E-09 

    Particles to sea water -3.023E-04 

      Solids (suspended) -3.023E-04 

  Emissions to agricultural soil 1.257E-07 

    Heavy metals to agricultural soil 1.257E-07 

      Cadmium (+II) 1.978E-09 

      Chromium (unspecified) 9.596E-08 

      Copper (+II) 4.180E-09 

      Lead (+II) 6.464E-10 

      Mercury (+II) 8.598E-12 

      Nickel (+II) 2.293E-09 

      Zinc (+II) 2.063E-08 

  Emissions to industrial soil -3.761E-05 

    Heavy metals to industrial soil -3.632E-05 

      Antimony -1.635E-20 

      Arsenic (+V) -1.988E-08 

      Cadmium (+II) -5.085E-12 

      Chromium (+III) 5.114E-13 

      Chromium (+VI) -5.926E-20 

      Chromium (unspecified) -1.202E-09 

      Cobalt -2.143E-11 

      Copper (+II) -1.104E-11 
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      Iron -3.558E-05 

      Lead (+II) -1.422E-07 

      Manganese (+II) -2.529E-10 

      Mercury (+II) -3.678E-10 

      Nickel (+II) -3.411E-10 

      Selenium -2.362E-09 

      Strontium -4.497E-07 

      Thallium -1.719E-08 

      Vanadium (+III) -1.085E-07 

      Zinc (+II) -1.259E-10 

    Inorganic emissions to industrial soil -1.280E-06 

      Aluminum (+III) -1.299E-09 

      Ammonia -6.947E-07 

      Bromide -1.836E-10 

      Calcium (+II) -1.200E-09 

      Chloride -2.143E-07 

      Chlorine -1.383E-17 

      Fluoride -6.121E-09 

      Magnesium (+III) -1.681E-10 

      Phosphorus -7.314E-08 

      Potassium (+I) -1.452E-07 

      Sodium (+I) -1.046E-10 

      Sulphate -2.054E-08 

      Sulphide -1.232E-07 

    Organic emissions to industrial soil -1.234E-09 

      Oil (unspecified) -1.234E-09 

    Radioactive emissions to industrial soil 0.000E+00 

      Uranium 0.000E+00 

    Calcium Fluoride -2.715E-09 

    Radionuclide 0.000E+00 

  Waste Flow -2.903E-05 

    Slag and Ashes from Energy Production -5.197E-09 

    Slag and Ashes from Waste Incineration -1.479E-08 

    Slags Containing Manganese -1.037E-12 

    Unspecified Furnace Slag -9.168E-09 

    Uranium Tailings -2.900E-05 
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