Overview of Environmental Calculations in

ENPEP for Windows

ADIC, A The Ultimate in Strategic Analysis



Main Design Characteristics
for Environmental Calculations in ENPEP for Windows

o Compute annual levels of environmental burdens (e.g., air pollutant
emissions, water effluents, solid waste generation) from energy
production, conversion, and consumption

o Allow the user to introduce emissions taxes into the model (e.g.,
carbon tax) and examine the resulting changes in the energy
supply mix and associated environmental burdens
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Emissions are Assumed to be a Function of the
Following General Parameters

- = _ —_— — — —— — —

e Level of fuel consumption

o Type of fuel (e.g., coal versus oil versus gas, high sulfur
coal versus low sulfur coal)

o Type of combustion technology (steam turbine versus gas
turbine, pulverized coal versus stoker furnace, etc.) and
pollution control equipment
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ENPEP Uses a Standard Methodology to Determine
the Uncontrolled Source Emissions

Source
Emissions

- Transport + ) Exposure ; Effects/

Dispersion Impacts

Uncontrolled _ Fuel « Emission « Chemical

Emissions ~ Consumption Factor Scale
Contrqlled = Un(?on.trolled (100 - Control Efficiency) / 100
Emissions Emissions
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The Environmental Calculations Can be
Activated under Run Parameters

Comengence Paramelers:
Relshe Tolerance: | 0010 (Fraction)
Absohse Toleramce: | 10.000 (KBOE)
Madmum Rerstions: [ 11 (1-100)
Lower Bound Rslaistion Range: | 0100
Upper Bownd Rslaistion Range: | 0900
Discount Rt for NPV Caloulatior:. [ 100 qzg)
CostofEmergyMotSened | 00 (3w
DetmtessBecopiienal | 12 (qoog

Perform Enromesntal Calculations: [

e Checking the “Perform
Environmental Calculations”
box will activate the
environmental routines

e It also allows access to the
environmental input data
screens as well as the
output screens

— the environmental input/output
screens are “grayed-out” to
indicate they are not activated

o After you enter all environmental information and run the case, if you wish, you can
turn the environmental calculations off again by un-checking this box

— environmental information is maintained but no calculations are performed
— you can turn the environmental calculations back on again by simply checking the box
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The User Can Add or Delete Pollutants
to the Current Default List

® BALANCE for Windows
File Edit Window Help

= R
¥ Demol Case Properties E| [EWE

Mams fbbrevistion  Chemicsl Scale
[Total Particulate Matter [OFM lazh
[Farticaluts Matter < 10um [1PM10 &=k
|Sulfur Dicoide 12502 {Salfur
[Mitrogen Onides [ENOX |
[Carbon Monoxide [4CO |
[Non-Methane Total Organic Compounds [ENMTO |
|Mi=thane FCH4 |

[Total Organic Compounds [TTOC |
[Carbon Dicxide {BC02 [Carbon
[Nitrous Cnxide=s [BNZD |

|

Ok, | Eancel| Add | |

Ready

e Name indicates the name of the pollutant
e Abbreviation is the 5 character abbreviation for the pollutant

e Chemical Scale indicates whether the emissions are considered to be a linear
function of a certain fuel characteristic, such as fuel carbon content for CO,
emissions, fuel sulfur content for SO, emissions, etc.
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The User May Specify the Units Used for
Environmental Inputs and Outputs

P — — ———

Run Parametersl PDIIutantsl Pollution Contrals | Output Codes  Non-electric Units |EIE|:tric Units

e Units may be | | | | |
defIHEd for bOth Unit Dﬁlt Linit Unit Conversion Unit

. Type MName Factor Description

NO n'El eCt”C an d Energy Cluantities/Capacities kBOE |kEIOE LI | 1.000 IThu:uusands of Barrels of Qil Egi
EIeCt”Q (if electric Energy Prices US $/B0E [s/B0E Ral 1.000 [US Dollars per Barrel of Oil Eqy
sector Is used) Costs US $1000 {$1000 =l 1.000  [Thousands of US Dollars

[ The DefaUIt Unlt Emission Factors kg/G) el K I 0.0m IKiIDgram per Terajoule
IS th e un It th at Emission Taxes $/tanne I 1.000 IUS Dallars per metric tonne
the mOdeI Uses Emissions tonne I 1.000 IMetric tonnes
internally ImmEt

LT

e The pull-down menu
under Unit Name provides the user with a choice of alternative units; the user
may add to (select blank field) or delete items from the list

e The Unit Conversion Factor is a factor that the model uses internally to
convert the user-selected unit back to the default unit

Default Unit = New Unit * Unit Conversion Factor
example: kg/GJ = kg/TJ * 0.001 TJ/GJ

e Note that the environmental units can only be selected if the “Perform
Environmental Calculations” checkbox in Run Parameters is checked
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Emissions Are Calculated and Reported by Node

e For depletable and renewable resources, emissions
are calculated based on the resource output
|

e For single input/single output and multiple output processes
emissions are calculated based on ¥
process fuel/energy input ¥ W

e For thermal electric generating units, emissions
are calculated based on fuel input or fuel consumption %

e For multiple input nodes, emissions are calculated based on

process output @
— output based emission factor needs to be calculated and input as
weighted average across all fuel inputs Ny

e For demand nodes, emissions are calculated based on process
input

— demand nodes should only be used for situations where sectors are |
modeled in terms of final energy
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ﬂ Example: Emission Factors for
a Thermal Power Plant Process

— —— ——— ———— - —

e Uncontrolled Emission Factor Input Based represents the emission factor for
this specific process without using any pollution control technology; factor is
based on the process input or fuel consumption

e Scale Value is the chemical content in percent that will be used to linearly scale
the emissions

— the scale value may be left blank if already included in the emission factor

— for example CO,: enter 104.68 kg/GJ (1.349 * 77.6) and leave scale value blank
(default is 1.0) instead of 1.349 kg/GJ and 77.6% carbon

e Emissions Tax
represents the tax

E® TU42 Thermoelectric Unit Properties

|m posed on a Technical F'ru:upertiesl Economic Properties | Emissions Properties l
process for a o Faco » :
specific pollutant Yeu  poreviion ' rn  ChemclSee (R (e
1981 [ oPM | 0.191 Ash | 10.60f
o All three parameters [ tPuio_ | L
[ 2mo2 | 0.725 [ Sulfur | 0.85) |
above can be anox | X ——
changed year by w o ——
y ear [ ecHe | 0.001 [
[ 7oc | 0.002 [
[ ooz | 1.401) | Carben | 63.100
[ enz | 0.001 |
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Environmental Results Can be Viewed Directly
In the Network Using the Node Overlays

= —
— = - — ——

§ Sectorl Network Elements

Nodes: |ERESSIE -] Links: | Na Labels -] vear: [1999 -]

Ahbreviation

Marme

Up Fass Sequence
Diown Pass Sequence

‘Emissions

4 ]125,000.00

-
4| | 3
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Environmental Reports and Graphs Can be
Accessed for Each Node Using

e ——— — — — —

U
|
|

e Results can be viewed for each pollutant individually by using the Selected Pollutant pull-
down menu or for all pollutants at the same time

e The pollutant selection in this screen will influence what will be displayed in the
environmental graph screen

Energy Fiepurtl Energy Graph Emwvironmental Beport | Environmental Graph

Ermission Factor

Input Times Emissions
Quantity Pollutant Scale Walue Ermnissions Taxes
Year KBOE Abbreviation (Ko/G]) (tonnes 1000
/ 1999 | 1200 [ coOz [ 104 64515 | 720,245.281 | 14,404 866
2000 | 1245777588 | cCoOz | 104 64515 | 747,719.114 | 14,954 382
Edit Input 2001 | 1292328003 | CO2 | 104 64515 | 775,658.800 | 16,513.176
2002 | 1340535767 | cCOZ | 104 64515 | B04,593.232 | 16,091.865
Rename 2003 | 1388.497192 | CO2 | 10464515 | §33,980.013 | 16,679.600
2004 | 1439415039 [ cCO2 | 10464515 | B63,940.841 | 17,278.817
Selected Pollutant [CO2 -
CH4 |

20
] | M TOC
MO
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Environmental Reports and Graphs Can be Accessed for
Each Node Using “View Output” (cont'd)

S — —— — e —

e Input Quantity reports the annual fuel consumption for this process
e Pollutant Abbreviation indicates which pollutant you are viewing

e Emission Factor Times Scale Value displays the combined or aggregate emission
factor including the chemical scale for the selected pollutant

e Emissions reports the annual atmospheric emissions for this process for the selected
pollutant

e Emission Taxes displays the annual pollution taxes incurred by this process for this
pollutant

— there may be taxes on more than one pollutant
— taxes are calculated using the following equation

Annual _ Annual « Emission Tax
Emission Tax Emissions per tonne
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The Environmental Graph Shows Emission Results for

Energy Feport | Energy Graph | Environmental Repaort Environmental Graph

PR1 Node Emissions
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The Environmental Report Can Also be Used to View
the Change N Emlssmn Factor over Time

EnergyﬂepnnlEnergyGraph Enviranmental Report  Environmental Graph

PR1 Node Emissions
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The Environmental Report Can be Used to Display the

Annual Emissions Taxes Incurred by this Process

Energy Repart | Energy Graph | Environmental Report Ervironmental Graph

PR1 Node Emissions
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Some Modeling Issues

e If your process is using a mix of fuels that changes ﬁ/
every year (e.g., oil and gas), your average emission
factor also changes every year

e The fuel mix, and thus the average emission factor
may be different in each scenario

O

e This version of the model does not track this
information

e User needs to ensure consistency (m) &>

e One way to do this is to compute an average
emission factor year-by-year and enter the
values into the model (this may have to be
done for each of your scenarios) -

e A better way to do this is by modifying the network
structure

e The modified structure would make sure that
each process uses just one type of fuel

() €y
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Some Modeling Issues (cont’d)

e If your end use sectors are mostly in the
final energy structure without any
conversion processes, some emissions
will not be accounted for

e One way to deal with this is to include
emission factors into the demand nodes

— please make sure the demand nodes are
not projecting a mix of fuels but only one
fuel each

— when converting the sector into useful energy
demand by inserting conversion processes,
the emission factors in the demand nodes
should be deleted

e Another way to deal with this is to include
so-called “dummy” processes

— single input/single outputs
— efficiency 1.0, no cost, no change in energy flows
— only to obtain emissions for sectors with final energy

L+ ][]

L]

¢ ]

Abica
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i ENPEP for Windows [_[=1=]
File Edit ‘Window Help

IS

& BAL Example Networks Cases

[ [OI=]
MName Abbreviation Description
I[BAL Simple Case /E IBAL—E IBALANCE Standard Simple Case with environmental calculations

Start Year I2000 End Year: I2019

IBALANCE Standard Refinery Case for use at training cources

Start Year I2000 End Year: I2019

IBALANCE Standard Simple Case for use at training courses

Start Year I2000 End Year: I2019

IBALANCE Ref. Case IBAL—R’

IBALANCE Simple Case IBALfS

|New Case Mame |Abbr. |New Case Description

0l | Cancel

Add | [Je(Ete

Start vear: |“000 e e I2019

Microsoft |

| B inbox - Microsoit Exc... | E#KONONDY, Seigusi -.| (=] Microsoit PawerPoint.. |[SRENPEP for wind. . | | BHlE» IR 1514

|Please select, add, o delste s BAL Example Networks case

JEY omee FEREFEELEE

R Slarll 4 Lectures | uEMPEPWIN Cases

BALANCE simple case will be modified to include
environmental calculations

Abica
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Example: Simple Network with Emissions

Node IAbb iation j Lmkg-lAbbrewa‘rion j Pallutant|{—H4 j Year'|2000 j

It

-

Microsoft |

eiPainl... [SAENPEP for wind. . || Bl ZEe S8 1516

The outlook of the network is the same as in the standard
BALANCE simple case
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i ENPEP for Windows [_[=1=]
File Edit ‘Window Help

IR AR

EH BAL-E Case Properties

Run Parameters

Pollutantsl Output Codes | Non-electric Units | Electric Units

Convergence Parameters:

Relative Tolerance: IW (Fraction)
Absolute Tolerance: Iw (kboe)
Maximum Iterations |—10 (1-100})
Lower Bound Relaxation Range IW
Upper Bound Relaxation Range: IW

Perform Ervironmental Caiculations; M

Ok | Cancel Aol | [UelEte
[Raady
H|E) omee  FEAE]EN EE I ES ] Microsoft |
MAStart| Culectures | ‘CHENPEFWIN Cases | @ inbos - Microsoft Exc... | E3 KONONDY, Sergui .| [ElMicrosolt PowerPaint... [ AENPEP for wind,. | B ZEe S8 1522

‘Perform Environmental calculations’ must be activated
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Example: Simple Network with Emissions

{ ENPEP for Windows MER { ENPEP for Windows MER
Fie Edic Window Help Fie Edic Window Help
IEENAEIED IEENAEIED
[E® BAL-E Case Properties M= E3 ENBAL-E Case Properties [_To[x]
Run Parameters Pollutants | Output Codes | Non-electric Units | Electric Units Run Parameters | Pollutants | Output Codes  Non-electric Units | Electric Units
p p
Name Abbreviation Chemical Scale
IMethame ICH4 |
ICarbon Dioxide ICOQ ICarbon Lnit Default Unit Unit Conversion Unit
Type Unit Narne Factor Description

IN\trous LS INQO I Erergy Quantities/Capacities kboe Ikboe j I 1.000 IThouaandS of Barrels of Ol Equ

on Methane Total Organic Compounds NWMTOC

I I I Energy Prices/O&M Costs US $/boe I$/boe j I 1.000 IUS Ciallars per Barrel of il Equ

IN\trogem Cnides INOX I

Ipa T |PM IAsh Costs US $1000 |$1000 j | 1.000 Fhousands of US Dollars

lSu\fur Diowde Igoz ISu\fur Emission Factors kgiGJ I 1.000 IKMogram per Gigajoule

Emission Taxes US $ftonne I 1.000 IUS Collars per metric tonne
Emissions torne Ib/MMBIU I 1.000 IMetnc torne
tonmedT)
INew Pollutant Salaly Che. Scale
oK | Cancel ‘ Add | [DelEie oK | Cancel ‘ Add | [DelEie

[Fready [Fready
] omee PN e R WMicrosoft |@ ] omee PN e R Microsoft |@
iffistart| dLeoluss | C9ENPEPUAN Cases | 8 Inbox Mictosolt . | S KONONOV, Senguei .| [E]Microsoll FoverPoint..|[#AENPEP for wind E:EPERY) 1523 affistart| Cdleciues | C9ENPEPUIN Cases | 8 nbox Mictosolt .. | S8 KONONOV, Seguei .| [E]Microsoll FoverPor.. [ SR ENPEP for wind . BN:EMPERE 1520

Check / modification of the pollutant list and units of
measurement may be required
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Example: Simple Network W/i]TLh
Em ission @aIJc u atu@

i+ ENPEP for Windows
Eile  Edit Window Help

I

EN Coal Depletable Resource Node Properties

Technical Properﬁesl Economic Properties Emissions Properties

Uncontrolled
Emission Factor
Paollutant Output Based Scale Value Emissions Tax
Year Abbreviation {ka/GJ) Chemical Scale (&) $/tonne)

2000 CH4 0.300
CO2 I Carbon I
M20
MMTOC
[R[er
Phd Ash
S02 Sulfur
2001 CH4
Coz Carbon
NZO
MNMTOC
MO

Duplicate Up Caolumn Duplicate Down Colurnn

(0] | Cancel

[E .. SSEEEELT o oot [

gman o Lectures | ‘HENPEPWIN Cases | £ inbox - Micrasalt Exc... | S KONONDY, Serguei - | [ Micrasaft PawerPoint . | [ENPEP for Wind... |ENIEMPER 1620

Coal mining: methane (CH,) emissions = ~10 m3/tonne of coal (range 0.3-24) =
= ~0.5 m3/GJ (1 tonne of coal =20 GJ) = = ~0.3 kg CH,/GJ (1 m3 CH, = 0.6 kg)
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Example: Simple Network with
Emission Calculations

[_[=]x]

i ENPEP for Windows
File Edit ‘Window Help

RS
Technical Proper‘nesl Economic Properties  Emissions Properties |
Uncontrolled j
Emission Factor
Pollutant Input Based Scale Value Emissions Tax
Year  Abbreviation {ka/GJ) Chemical Scale (%6) {$itonne}
2000 CH4
coz | Carbon |
MN20
NMTOC
R[eXs
P 2.500 Ash
502 Sulfur
2001 CH4
Co2 Carbon
N20
MNMTOC
MO
=]
Ok | Cancel Duplicate Up Column Duplicate Down Colurmn
[Rmady
H|E] omee FIEAE[EY @|@|&IE| Micrasoft |
MAStart| Culectures | ‘CHENPEFWIN Cases | @ inbos - Microsoft Exc... | £3 KONONDV, Sergui .| [E]Microsolt PowerPaint... [ AENPEP for wind,. | BN -Ee S 1626

Coal combustion / ash: 1 kg coal with 10% ash = 0.1 kg ash generated = 0.05 kg
bottom ash + 0.05 kg fly ash => 0.05 kg fly ash / kg coal = 50 kg/tonne =
~2.5 kg ash /GJ (1 tonne of coal = 20 GJ) - uncontrolled emissions;
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Examle@ ‘i]mpIJ @th@lrk W/i]th

i ENPEP for Windows [_[=1=]
File Edit ‘Window Help

nG w9

Technical Proper‘nesl Economic Properties  Emissions Properties |
Uncontrolled j
Emission Factor
Pollutant Input Based Scale Value Emissions Tax
Year  Abbreviation (ka/GJ) Chemical Scale (%) ($rtonne
2000 CH4
coz | Carbon |
MN20
NMTOC
R[eXs
P 2.500 Ash
502 0.900 Sulfur
2001 CH4
Co2 Carbon
N20
MNMTOC
MO
=
Ok | Cancel Duplicate Up Column Duplicate Down Colurmn
[Fieady
5 E omice [FHFIE]EY @|@|%|ﬁ| Microsoft |
MAStart| Culectures | CAENPEPWIN Cases | EBinbox - Microsolt Eve..| E#KONONDY, Serguei .| [ Microsoit PawerPoin... [ SR ENPEP for wind. .. |El 5@ o 1604

Coal combustion / SO,: 1 kg coal with 1% sulfur = 0.01 kg S generated = 0.02 kg
SO, (molar ratio SO,/S = 64.06/32.06 = 1.998) generated = 0.018 kg emitted
(inherent furnace control 10%) => 0.018 kg SO, / kg coal = 18 kg/tonne =

= ~0.9 kg SO,/GJ (1 tonne of coal = 20 GJ) - uncontrolled emissions
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Example: Simple Network with
Emission Calculations

i ENPEP for Windows
File Edit ‘Window Help

IR AR

Technical Proper‘nesl Economic Properties  Emissions Properties |
Uncontrolled j
Emission Factor
Pollutant Input Based Scale Value Emissions Tax
rear Abbreviation (ka/G S Chemical Scale (%) [$onne
2000 CH4 —
coz 125.0, | Carbon |
MN20
NMTOC
R[eXs
P 2.500 Ash
502 0.900 Sulfur
2001 CH4
Co2 Carbon
N20
MNMTOC
MO
=]
Ok | Cancel Duplicate Up Column Duplicate Down Colurmn
[Rmady
5 E omice [FHFIE]EY @|@|%|ﬁ| Microsoft |
iR start | Cylectures | Z9ENPEPWIN Cases| 4B inbox - Microsatt .| ER#KONONDV. Serg..| [ Microsolt Power... |[RENPEP for w._

Coal combustion / CO,: 1 kg coal with 70% C = 0.7 kg C generated = ~2.5 kg
CO, (molar ratio CO,/C = 44.01/12.01 = 3.664) generated = 2.5 kg emitted
(inherent furnace control 0%) => 2.5 kg CO, / kg coal = 2500 kg/tonne =

= ~125 kg CO,/GJ (1 tonne of coal = 20 GJ) - uncontrolled emissions
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Example: Simple Network with
Emission Calculations

* ENPEP for Windows [_[2]x] { ENPEP for Windows [_[5]x]
File Wwindow Help File Edit View Window Help
| @® @[] 8- a®e e
%5 Coal Node Report =] B3 ¥ Sector Network Elements [-[o]]
- | Emi = . i B CH4 B 2000 -
Energy Repor’r' Energy Graph | Environmental Repoﬁgl Enwironmental Graph' Nodes|Emission Slitonne) ks [auantiy kboe)  Pollutant] o vear| 7
Ermission Factor N 5 _
Cutput Times Emissions )
Quantity Pollutant Scale Value Emissions Taxes
Year (kboe) Abbreviation kg/GJ (tonne) 1000
2000 | 500000 | CH4 | 030000 | 860 340 | 0.000
[ coz 0.00000 | 0.000 | 0.000
[ w20 0.00000 | 0.000 | 0.000
| BMTOC | 0.00000 | 0.000 | 0.000
[ nNOX | 0.00000 | 0.000 | 0.000
| P | 0.00000 | 0.000 | 0.000 400.
| 502 | 0.00000 | 0.000 | 0.000
2001 500.000 | CH4 | 0.30000 | 860.340 | 0.000
| ca2 | 0.00000 | 0.000 | 0.000
| N20 | 0.00000 | 0.000 | 0.000 poo. poo.
=
Selected Pollutant: |AH vi @ @
860.34
|
\P\ease use the menu bar to edit the Sector network element of network slements

Microsoft |@ ] omee [EIFAIEE EEL Microsoft |

#hi5tart| Lectes | EZUENPEPWIN Cases | EBinbon - Mistosoft Exc. | EPKONONDY, Sercusi .| (=] Miciosoht PawerPoi. |[SRENPEP for Wind... |EJZEEIN D 1652 gStart| iLectures | (ZAEMPEFWIN Cases] EBinbor- Miasoll .| BFKONONDY, Seg..| [E]Microsalt Power... |[JENPEP for W BB 165

Results for coal mine: environmental report/graph & network info
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Example: Simple Network with
Emission Calculations

+ ENPEP for Windows HEER + ENPEP for Windows [_[5]x]
File Window Help File Edit View ‘window Help
|n&wlaz @/ 2ppo nar a7
I HP2 Node Report [_ (O] %] § Sector Network Elements [_[O[x]
Energy Roport| Energy Graph [Envionmental Report | Envionmenal Greph| L R Siome) -t Sliwoe)  pomstancoz 5 vearlzoo0 A
Emission Factor j -
Input Times Emissions
Quartity Pollutart Seale Value Emissions Tanes
Year (kboe) Abbreviation tha'GJ) {tonne} ($1000)
2000 | 500000 [ CH4 | 0.00000 | 0.000 | 0.000
[ coz | 125.00000 | 358,475.000 | 0.000
E | 0.00000 | 0.000 | 0.000
I 0.00000 | 0.000 | 0.000
[ Nox | 0.00000 | 0.000 | 0.000
[~ PM | 250000 | 7.169.500 [ 0.000 400,
| =0z | 090000 | 2,551,020 | 0.000
2001 500000 [ CH4 | 000000 | 0000 | 0.000
[ coz | 125.00000 | 358,475.000 | 0.000 3BT,
| nao | 000000 | 0000 | 0.000 poo. poo.
Selected Polutant: [A1 ] = (@ (@
oK
Ready [Plase use the menu bar to edit the Sectm\ network elemert or natwork slements J

B omee FEEEEILE] e Microsoft | ] omee  EFAIE]EIE] &L Microsoft ||E
g Start| yLectes || ZyENPEPwIN Cases] EBinbox -Mitoscit .| EKONTNDY, Serg. | [E]Mictosoht Power... |[JHENPEP for W... B e gHStan| Cilevues | (ZAEMPEPWIN Cases] {inbon - Miswasol...| SHKONONDY, Serg.| [ Microsoft Pover... | [ S ENPEP for w... BEe Y 155

Results for coal boiler: environmental report/graph & network info
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