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No. of turbines
Lifetime of windfarm (vears)
Performance
Power rating of turbines (turbine capacity) (MW)
Capacity fact

Enter esnmaled capacity factor (percentage efficiency)
Backup
Extra capacity required for backup (%)
| Additional emissions due to reduced thermal efficiency of the
feserve oeneraon ()
Carbon di rbine i
(ca. manufacture, consinuction. dezommissionina)

Direct input of capaci

 Type of peatland Acdb W
Averace annual air temoerature at site (°C)

Average depth of peat at site (m)

I'|c content of dry peat (% by weiaht)

| Average extent of drainage around drainage features at site (m)

| Average water table depth at site (m)

Drv soil bulk density (a cm™)

nme required for regeneration of bog plants after restoration
rs)

(Gaon sccumulaton due o C fixation by bog plants in
undrained peats (tC ha” vr')

Method used to calculate CO, loss from forest felling
‘Area of forestry plantation to be felled (ha)
Average rate of carbon sequestration in timber (tC ha-1 yr-

Enter simple data

To update counterfactual emission factors
from the web

Coal-fred plant emission factor (t CO, MWh™")
Grid-mix emission factor (t CO, MWh')
Fossilfuel-mix emission factor (t CO, MWh")

Number of borrow pits

| Average length of pits (m)

| Average width of pits (m)

| Average depth of peat removed from pit (m)

standing

| Average lenath of turbine foundations (m)

| Average width of turbine foundations (m)

| Average depth of peat removed from turbine foundations (m)
| Average lenth of hard-standing (m)

Average width of hard-standing (m)

| Average depth of peat removed from hard-standing (m)

Total length of access track (m)
Existing track length (m)
nqth of access track that is floating road (m)
Floating road width (m)
Floating road depth (m)
Length of floating road that is drained (m)
| Average depth of drains associated with floating roads (m)
Length of access track that is excavated road (m)
Excavated road width (m)
of peat excavated for road (m)
Length of access track that is rock filled road (m)
Rock filled road width (m)
Rock filled road depth (m)
Lenath of rock filled road that is drained (m)
| Average depth of drains associated with rock filled roads (m)

Length of any cable trench on peat that does not follow access
tracks and is lined with a permeable medium (eg. sand) (m)

| Average depth of peat cut for cable trenches (m)

Volume of additional peat excavated (m*)
| Area of additional peat excavated (m?)

Developments

Improvement of dearaded boa

| Area of dearaded boa to be imoroved (ha)

(Water table depth in deraded bog before improvement (m)
Water table depth in dearaded bog after improvement (m)
Time required for hydrology and habitat of bog o retum to its
orevious state on improvement (vears)

Period of time when effectiveness of the improvement in
dearaded boa can be quaranteed (vears)

Imorovement of fefled plantation land

Area of felled plantation to be improved (ha)

Water table depth in felled area before improvement (m)

Water table depth in felled area after imorovement (m)

Time required for hydrology and habitat of felled plantation to
retum to its previous state on imorovement (vears)

Period of time when effectiveness of the improvement in felled
plantation can be auaranteed (vears)

Restoration of peat removed from borrow bits

| Area of borrow pits to be restored (ha)

Depth of water table in borrow pit before restoration with respect
to the restored surface (m)

Depth of water table in borrow pit after restoration with respect
to the restored surface (m)

Time required for hydrology and habitat of borrow pit to retum to
its previous state on restoration (vears)

Period of time when effectiveness of the restoration of peat
removed from borrow bits can be auaranteed (vears)

Earlv removal of drainace from foundations and hardstandina
Water table depth around foundations and hardstanding before
restoration (m)

[Water table depth around foundations and hardstanding after
restoration (m)

Time to completion of backiling, removal of any surface drains,
and full restoration of the hydrology (years)

Will you attempt to block any gullies that have formed due to .
the windfarm

Wil you s aﬁampl to block all artificial ditches and facilitate N v
Will you control grazing on degraded areas? N v
Will you manage areas to favour reintroduction of species No =

Calculate wrt instaled cap. ¥

Method used to calculate CO; loss from foundations and hard- [ rectangular with vertical w ¥

Choice of methodology for calculating emission factors | Site specific (required for planning applications) -

Acidb W

Enter simple data

33

Direct input of capaci

fac v

Calculate wrt instaled cap. ¥

Rectangular with vertical n ¥

Direct input of capacity fac ¥

Calculate wrt instaled cap. ¥

Acidb W

Entersimpledata ¥

Rectangular with vertical n ¥

No v
No v
N v
N v

[Note: Capacily facior. 1y power
utng 2 gvn prcd it rospec i th anargy hat wou have boan procuced had the wind

i biwea.comreficapacityfaciors.
oy oo Sl samamied g th pacd (KW (etlled capacity (KW x rumbof
of hours in the period (h])

Core inout data
ORTA HERE! bomy The sheer YOUR OWN VALUES THAT
RE SPEGIIC TOYOUR PARTICULAR STE Click here to move to Payback Ti
Note: The input Click here to return to \ﬂilmﬂ\oﬂi_
e s
Expected values Possible range of values
Input data -
Enter expected value here Enter minimum value here Enter maximum value here
Dimensions

erage Tfetime of
e windam, accounting for decinein sﬁldmnywm-;e (tughes, 2012). The s yer aveege

capaciy factor (o “oad factor’ fo UF 14, based on average
Ceng o ond o year copacty,wos 29 5% (DUKES, 2019

[Note: Extra caaciy required for backup.f 20% of nationalelecticty is generated by vind
jenergy. the e capaclt e o backup s 5% ofthe rted capacity of o wind plant (0

ot 200, Wo suge n 20%

by %,
he Hovso of Lode Ecmmomie “The Econon

008)
ik f a po ficien
lovel" The esti BER! 10% 10 20°
lenergy. EON po and
IThe propos oot of
oW 3BGW. aw
gen 0%

Noto: Emissions from turbine fe. I otal emissions for the windfar are unknown,
Shoid b Sasaeta cssdng s s apacty T ol angs o GO amssons s 304 o
8147 1.CO, MW (Whito & Kulcinski, 2000 Whie, 2007).

Note: Typo of peatiand g ater
| sphagnum moss, thus making it acidic (Stoneman & Brooks, 1997).
Ao o

7Time oque, o ageneraonof revius Pabl,Loes o faflon shoudbo assumed o
e e

Mt

habiat.
enter number of years estimaed for egeneration.

ote:
| Apparent c.mmu.uammnm.m.wzmmmnr*yr'nummu 2001; Boteh
otal, 1995). The SNH guidance uses a value of 0.25 £ C h

[Note: Area of forestry plantation (o be folled. f e foresiry was planned [0 be removed. wih no
frthr otations plante, before the wincfam deveopment, e arca 1 b eled shoud be
entered as

‘Plantalion carbon sequesration. This is dependent on the yield class of the foresiry. T
SN el gadonce sesura i ks o o nt - compared 1o ha v o1 14

provided by the Foresiry Commission. Carbon soquestered foryield class 16 e har'y-*
=361C har'yr (Cannell, 1999).

524 =0.919 1CO, I
it of Ut nere tatistics (DUKES): slcticty - GOV UK wated 1y 2005)  Grd i EE
for 2025 = 0177001 CO, MW

10 ume 2025) |

Note:

s rack Ifarcas of accoss
it hess o e e gt fsces ok o avld dmul oo of }an s .

[Note: Fiating road depth
depth of th road expected over the lfetime ofthe windfarm. o sinking i expected, enter as

¥ the

rosd.

[Note: Rock
removed and rock has been placed on the surface and alowed to setle.

blo trenches. In shallow poats, the cable renchos may bo cut below.
v pot o oo et e depih ot pos aoced b o cale vancne. o oot ne
i ofthe peat thatis cu.

dside Hazard I
06,

Not: Porio ot han mprovron ca, o araeed:Ti guaari shold be osokde
Thereore fyou i  vlue boyond he et of he wirdlam you shoud rovide ong
“This includes

d @5-10)
=15 vears.

[Note: Period of tme when improve cusrniost, T urartoo o b sbsckte
Therelre fyou i  vlue beyond heWetme of he widlam you snoud prowds svong
This includes

For example

. the peric

(25-10)
=15 vears.

[Note: Period of e when improvement can be guaranteed. This guranieo should bo absolute.
Therelre fyou et vl beyond heWetme ofthe windlam you shuld provs srong
This includes.

(25-10)
=15 years.

estoraton e it am decomissing = ey sceounted or 1 esloron

te Patodof me wen Inoovamentcan bo uarnised. s s assumed o e h Wemoof
™

decommissioning, and h
the ifetime of the windfarm. Otherwise, C lossos from drained peat are assumed to be 100%.

[Note: Restoraton of site o ‘

‘Cholce of methodology for calculating emission faclors. The IPCC default methodology s
arsasonay accopted S GG, 57 However e slted n 1°GC (107 ha kes fe

Core inout data

DATA HERE! DONLY THIS SHEET.
|ARE SPECIFIC TO YOUR PARTICULAR SITE.
Note:

JR OWN VALUES THAT

The input
puple tags on eft hard side.

Click here to move to Payback Time
Click here to return to Instructions
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Windfarm CO, emission saving

Note: The total emission savings are given by estimating the total possible electrical output of the
windfarm multiplied by the emission factor for the counterfactual case (coal-fire generation and

electricity from grid)

Click hert

) Total Forestry Area 1 Fo
Values taken from input sheet Exp Min Max S Min Max =
Power Generation Characteristics
No. of turbines 23 23 23 0]
Power rating of turbines (turbine
capacity) (MW) 6.3 6 72
Power of windfarm (MW) 144.9 138 165.6
Estimated downtime for 0 0 0
maintenance etc (%)
Counterfactual emission factors
Coal-fired plant emission factor (t 0919 | 0919 | 0910 TN
COZ MWh_1) . . . . . . B
Grid-mix emission factor (t CO,
A 0.177 | 0177 | 0177 POEFAA VISR FAA ¢/
MWh™)
Fossil fuel-mix emission factor (t 0.448 | 0.448 | 0.448 |OEAZEENENORZVISEENORIZIEN (0] 2 00c)
COZ MWh_1) . . . . . . B
Calculation of capacity factor 1 Direct input of capacity factor
Exp Min Max
Entered capacity factor (%) 0.35 0.35 0.35
Parameters Slope (a) Intercept (b)
Partial power curves for different turbines Exp Min Max Exp Min Max
User-defined 0.0 0.0 0.0 0.0 0.0 0.0
Vestas 2.0 MW Optispeed C2 13925 | 13925 | 13925 | -4291.9 | -4291.9 | -4291.9
Total Forestry Area 1 Fo
Calculation of capacity factor Exp Min Max Exp Min Max Exp
from forestry management
Wind speed ratio calculated in 7d HHEHHAE  HHERHE HEHEEE |
Average site windspeed (m s™) 0 0 0 0 0 0 0
Al [ th tical tput
nnual theoreticat energy oupu 55188 | 52560 | 63072 WSROI oI -l

from turbine (MW turbine™ yr'1)

Power curve

(Power curve code)
Slope (a)
Intercept (b)

Partial

power

curves for
different
turbines

User-
defined

User-
defined

User-
defined

(0]
Exp
Exp
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Annual power output from an
individual turbine (MW turbine™ yr'1)

Calculated capacity factor (%)

Total

Calculation of annual energy output from wind farm

Direct input of capacity factor
Capacity factor(%) 0 0
Ar.mual energy Ol.-l1tput from 4443 4231 5077
windfarm (MW yr’)
RESULTS Total
Windfarm CO, emission saving
over...
...coal-fired electricity
generation (tCO, yr') 4083 | 3888.4
...grid-mix of electricity
generation (tCO, yr) 786 748.9| 898.68
...fossil fuel - mix of electricity
generation (tCO, yr') 1990 1895.5| 2274.6
Click here to move to Payback Time |Click here

HHHEHE HHEBHE HEHBHE | AT

HHHEHE HEARHE HEHEHE | AT

Forestry Area 1

Windfarm CO, emission saving

Note: | he total emission savings are given by estimating the total possible electrical output of the
windfarm multiplied by the emission factor for the counterfactual case (coal-fire generation and

electricitv from arid)




Emissions due to turbine life

from coal-fired capacity or grid-mix.

Note: The carbon payback time of the windfarm due to turbine life (eg. manufacture,
construction, decomissioning) is calculated by comparing the emissions due to turbine
life with carbon-savings achieved by the windfarm while displacing electricity generated

Method used to estimate CO, .

e . ) Calculate wrt installed
emissions from turblne_hfe (eg. capacity
manufacture, construction,

Exp Min Max
Direct input of emissions due to turbine 0 0 0
life (t CO, windfarm™)
Calculation of emissions due to turbine life from energy output
CO, emissions due to turbine life (tCO,
4 5419 5139 6260
turbine™)
No. of turbines 23 23 23
Total calculated CO, emission of the wind
L ) 1, | 124634 | 118187 | 143975
farm due to turbine life (t CO, windfarm™)
Total
Exp Min Max
Calculation of emissions due to cement
used in construction
Volume of cement used (m°) 0 0 0
—3¥CO, emission rate (t CO, m™ cement) 0.316 | 0.316 | 0.316
TOTar UUZ TITMSSTUTTS UUT TU TTTTICTTUUSTU
P 0 0 0
RESULTS
Losses due to turbine life (eg.

manufacture, contruction, decomissioni
...coal-fired electricity generation
(months)
...grid-mix of electricity generation

(months)
...fossil fuel - mix of electricity

generation (months)

ng)

Additional CO, payback time of windfarm due to turbine life (eg.

Click here to move to Payback Time |Click here

|Emissions due to turbine life

Construction Area 1
Exp Min Max

OFFICIAL

Construction Area 3
Exp

Min

Max

Construction Area 5
Exp

Min

Max




Note: The carbon payback time of the windfarm due to turbine life (eg. manufacture,
construction, decomissioning) is calculated by comparing the emissions due to turbine
life with carbon-savings achieved by the windfarm while displacing electricity generated
from coal-fired capacity or grid-mix.

http://www.concretecentre.com/PDF/SCF_Table%207%20Embodied%20C0O2_April%202013.pdf

Emhadi

(((mpa

d carbon dioxide ( co.e ) of concretes used in buildings

The Concrete Centre

COse (kgCOze/m’)' COze (kgCOseitonne)’
CONCRETE APPLICATION 4Sahcietd CEMI | 30%fly 50% 0%y | 50%
eslgnation, concret asl ggbs CEMI ash ggbs
concrete concrete | concrete | concrete | concrete
Blinding, mass fill, strip footings, mass
foundations, trench foundations * GEM i e 10% L 3B 44
Reinforced Foundations * RC25/30™ 318 263 197 133 11 83
Ground floors 2 RE20 316 261 186 134 110 70
Structural: in situ floors, superstructure, RC32/40
walls, basements ) 369 313 231 154 131 96
High strength concrete * ch?/sQ 432 351 269 178 146 11
COze (kgCOze/m’) €O ;e (kgCOze/tonne)
Unreinforced Precast ﬂoor»ng’ - 165
Reinforced precast flooring® - 171
Average Generic Concrete Block® - 84

"

o

includes 30kg/m’ steel reinforcement
includes TOOkg/m:’ steel reinforcement
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Emissions due to backup power generation

Note: CO, loss due to back up is calculated from the extra capacity required for backup of the windfarm given in the input data.

Note: Wind generated electricity is inherently variable, providing unique challenges to the electricity generating
industry for provision of a supply to meet consumer demand (Netz, 2004). Backup power is required to accompany
wind generation to stabilise the supply to the consumer. This backup power will usually be obtained from a fossil fuell
source. At a high level of wind power penetration in the overall generating mix, and with current grid management
techniques, the capacity for fossil fuel backup may become strained because it is being used to balance the
fluctuating consumer demand with a variable and highly unpredictable output from wind turbines (White, 2007). The
Carbon Trust (Carbon Trust/DTI, 2004) concluded that increasing levels of intermittent generation do not present
major technical issues at the percentages of renewables expected by 2010 and 2020, but the UK renewables target
at the time of that report was only 20%. When national reliance on wind power is low (less than ~20%), the

fossil fuel gt power i can be i to be and may be obtained from
within the spare generating capacity of other power sectors (Dale et al, 2004). However, as the national supply from
wind power increases above 20%, without impi in grid mar techniques, due to backup
power generation may become more significant. The extra capacity needed for backup power generation is currenti
estimated to be 5% of the rated capacity of the wind plant if wind power contributes more than 20% to the national
grid (Dale et al 2004). Moving towards the SG target of 50% electricity generation from renewable sources, more
short-term capacity may be required in terms of pumped-storage hydro-generated power, or a better mix of offshore
and onshore wind generating capacity. Grid management techniques are anticipated to reduce this extra capacity,
with improved demand side management, smart meters, grid rei and other d However,
given current grid management techniques, it is suggested that 5% extra capacity should be assumed for backup
power generation if wind power contributes more than 20% to the national grid. At lower contributions, the extra
capacity required for backup should be assumed to be zero. These assumptions should be revisited as technology
improves.

E q M
Reserve capacity required for backup
No. of turbines 23 23 23
Power rating of turbines (turbine capacity) (MW) 6.3 6 7.2
Power of wind farm (MW h™") 144.9 138 165.6
Rated capacity (MW yr™) 1269324 1208880 1450656
Extra capacity required for backup (%) 5 5 5
Additional emissions due to reduced thermal efficiency of
X 10 10 10
the reserve generation (%)
Reserve capacity (MWh yr'") 6347 6044 7253
Carbon dioxide emissions due to backup power
generation

Coal-fired plant emission factor (t CO, MWh'") 0.919 0.919 0.919
Grid-mix emission factor (t CO, MWh") 0.177 0.177 0.177
Fossil fuel- mix emission factor (t CO, MWh™") 0.448 0.448 0.448
Lifetime of windfarm (years) 35 35 35
Annual emissions due to backup from...

...coal-fired electricity generation (tCO, yr'1) 5833 5555 6666

...grid-mix of electricity generation (tCO, yr") 1123 1070 1284

... fossil fuel - mix of electricity generation (tCO, yr™") 2843 2708 3249
RESULTS
Total emissions due to backup from...

...coal-fired electricity generation (tCO,) 204139 194418 233302

...grid-mix of electricity generation (tCO,) 39317 37445 44934

...fossil fuel - mix of electricity generation (tCO,)

Additional CO, payback time of windfarm due to backup

...coal-fired electricity generation (months)
...grid-mix of electricity generation (months)

...fossil fuel - mix of electricity generation (months)

Click here to move to Payback Time
Click here to return to Instructions -

113731

Emissions due to backup power generation

Note: CO, loss due to back up is calculated from the extra capacity required for backup of the windfarm given in the input data.

Assumption: Backup assumed to be by
fossil-fuel-mix of electricity generation.
Note that hydroelectricity may also be
used for backup, so this assumption
may make the value for backup
generation too high. These
assumptions should be revisited as
technology develops.
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Emissions due to loss of bog plants
Note: Annual C fixation by the site is calculated by multiplying area of the windfarm by the annual C accumulation due

Expected
Area where carbon accumulation by bog plants is lost
Total area of land lost due to windfarm construction (m2) 198327
Total area affected by drainage due to windfarm construction (m'z) 578250
Total area where fixation by plants is lost (m2) 776577
Total loss of carbon accumulation
Carbon accumulation in undrained peats (tC ha™ yr'") 0.25
Lifetime of windfarm (years) 35
Time required for regeneration of bog plants after restoration (years) 10
Carbon accumulation up to time of restoration (tCO, eq. ha'1) 41
RESULTS
Total loss of carbon accumulation by bog plants
Total area where fixation by plants is lost (ha) 78
Carbon accumulation over lifetime of windfarm (tCO, eq. ha'1) 41
Total loss of carbon fixation by plants at the site (t CO,) 3204
Additional CO, payback time of windfarm due to loss of CO2 fixing potential
...coal-fired electricity generation (months) 9
...grid-mix of electricity generation (months) 49
...fossil fuel - mix of electricity generation (months) 19

Click here to move to Payback Time Click here

Emissions due to loss of bog plants
Note: Annual C fixation by the site is calculated by multiplying area of the windfarm by the annual C accumulation due
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to bog plant fixation

Minimum Maximum
Assumptions:
198327 198327 1. Bog plants are 100% lost from the
578250 578250 area where peat is removed for
construction.
776577 776577 2. Bog plants are 100% lost from the
area where peat is drained.
3. The recovery of carbon
accumulation by plants on restoration
0.2 0.3 of land is as given in inputs.
35 35
5 15
29 55
78 78
29 55

to bog plant fixation




Emissions due to loss of bog plants

Note: Annual C fixation by the site is calculated by multiplying area of the windfarm by the annual C accumulation due to bog plant fixation

OFFICIAL

Assumptions:
1. Bog plants are 100% lost from the
area where peat is removed for

Total loss of carbon fixation by plants at the site (t CO,)

...coal-fired electricity generation (months)
...grid-mix of electricity generation (months)
...fossil fuel - mix of electricity generation (months)

Additional CO, payback time of windfarm due to loss of CO2 fixing potential

Click here to move to Payback Time | Click here

Expected Minimum Maximum

Area where carbon accumulation by bog plants is lost

Total area of land lost due to windfarm construction (m?) 198327 198327 198327
Total area affected bv drainage due to windfarm construction (m™®) 578250 578250 578250
Total area where fixation by plants is lost (m?) 776577 776577 776577
Total loss of carbon accumulation

Carbon accumulation in undrained peats (tC ha™ vr'") 0.25 0.2 0.3
Lifetime of windfarm (years) 35 35 35
Time required for regeneration of bog plants after restoration 10 5 15
(vears)

Carbon accumulation up to time of restoration (tCO, eq. ha™) 41 29 55
[RESULTS

Total loss of carbon accumulation by bog plants

Total area where fixation by plants is lost (ha) 78 78 78
Carbon accumulation over lifetime of windfarm (tCO, eq. ha™") 41 29 55

Emissions due to loss of bog plants

Note: Annual C fixation by the site is calculated by multiplying area of the windfarm by the annual C accumulation due to bog plant fixation

2. Bog plants are 100% lost from the
area where peat is drained.

3. The recovery of carbon
accumulation by plants on restoration
of land is as given in inputs.
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Emissions due to loss of soil organic carbon
Note: Loss of C stored in peatland is estimated from % site lost by peat removal (sheet 5a), CO, loss from removed peat (sheet 5b), % site affected by drainage (sheet 5c), and the CO2
loss from drained peat (sheet 5d).

Expected result Minimum result Maximum result

CO, loss due to windfarm construction
BEREER]| CO:, loss from removed peat (t CO, equiv) -16654 -17582 -9203
REREERI|C O loss from drained peat (t CO, equiv) 0 0

RESULTS

Total CO, loss from peat (removed + drained) (t CO, equiv)
Additional C:_02 payback time of windfarm due to loss of soil CO2
...coal-fired electricity generation (months)

...grid-mix of electricity generation (months)
...fossil fuel - mix of electricity generation (months)

Click here to move to Payback Time Click here

Emissions due to loss of soil organic carbon
Note: Loss of C stored in peatland is estimated from % site lost by peat removal (sheet 5a), CO, loss from removed peat (sheet 5b), % site affected by drainage (sheet 5c), and the CO2
loss from drained peat (sheet 5d).
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Volume of Peat Removed

Note: % site lost by peat removal is estimated from
peat removed in borrow pits, turbine foundations, hard-
standing and access tracks.

If peat is removed for any other reason, this must be
added in as additional peat excavated in the core input
sheet.

. Total

Peat removed from borrow pits Exp Min Max

Number of borrow pits 5 5 5

Average length of pits (m) 125.2 | 125.2 | 125.2

Average width of pits (m) 107.4 | 107.4 107.4

Average depth of peat removed from pit (m) 0 0 0

Area of land lost in borrow pits (m2) 67232 | 67232 | 67232

Volume of peat removed from borrow pits

(m°) 0 0 0

Peat removed from turbine foundations Total Construction Area 1 Construction Area 2 Construction Area 3 Construction Area 4 Construction Area 5

Exp | Min | Max Exp Min Max Exp Min Max Exp Min Max Exp Min Max Exp Min Max

Method used to calculate CO, loss from Rectangular with vertical

foundations walls

Calculation method code 1

No. of turbines 23 23 23

Diameter at surface (m)

Diameter at bottom (m)

Depth of foundations (m)

"Area" of land lost in hard-standing (m?) 0 0 0

Volume of peat removed from foundation

area (m°) 0 0 0

Peat removed from hard-standing | |

Method used to calculate CO, loss from Rectangular with vertical

foundations walls

Calculation method code 1

No. of turbines 23 23 23 23 23 23 0] 0] 0] 0] 0 0] 0] 0] 0] 0] 0] 0

Diameter at surface (m) 79 79 79 0] 0] 0] 0] 0 0] 0] 0] 0] 0] 0] 0
35 35 35 0] 0] 0] 0] 0 0] 0] 0] 0] 0] 0] 0

Diameter at bottom (m) 79 79 79 0] 0] 0] 0] 0 0] 0] 0] 0] 0] 0] 0
35 35 35 0] 0] 0] 0] 0 0] 0] 0] 0] 0] 0] 0

Depth of hardstanding (m) 0] 0 0] 0] 0] 0] 0] 0 0 0] 0] 0] 0] 0] 0

Area of land lost in hard-standing (m?) 63595 | 63595 | 63595 [MGKIICIINGKIsTeSIINCRIsICE) 0] 0] 0] 0 0] 0] 0] 0] 0] 0 0 0]

Volume of. peat remo;/ed from 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

hardstandingarea (m”)

Peat removed from access tracks To.tal

Exp Min Max

Floating roads

Length of access track that is floating road

(m) 0 0 0

Floating road width (m) 0 0 0




Floating road depth (m) 0 0 0
Area of land lost in floating roads (m2) 0 0 0
Volume of peat removed for floating roads 0 0 0
Excavated roads
Length of access track that is excavated
road (m) 13500 | 13500 [ 13500
Excavated road width (m) 5 5 5
Average depth of peat excavated for road
(m) 0 0 0
Area of land lost in excavated roads (m2) 67500 | 67500 [ 67500
Volume of peat removed for excavated
roads 0 0 0
Rock-filled roads
Length of access track that is rock filled road
(m) 0 0 0
Rock filled road width (m) 0 0 0
Rock filled road depth (m) 0 0 0
Area of land lost in excavated roads (m2) 0 0 0
Volume of peat removed for rock-filled roads 0 0 0
Total area of land lost in access tracks (mz) 67500 | 67500 [ 67500
Total volume of peat removed due to access
tracks (m3) 0 0 0
Additional peat excavated -
(not already accounted for above)
Volume of additional peat excavated (m3) 0 0 0
Area of additional peat excavated (m2) 0 0 0
RESULTS Total

Exp Min Max
Total volume of peat removed (m3) due to
windfarm construction 0 0 0
Total area of land lost due to windfarm
construction (mz) 198327 | 198327 | 198327

Click here to move to 5b. CO2 loss from _

removed peat

Click here to move to Payback Time Click here

Volume of Peat Removed

Note: % site lost by peat removal is estimated from
peat removed in borrow pits, turbine foundations, hard-
standing and access tracks.

If peat is removed for any other reason, this must be
added in to the volume of peat removed, area of land
lost and % site lost at the bottom of this worksheet.

OFFICIAL
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CO, loss from removed peats

entered in cell C10

Note: If peat is treated in such a way that it is permanently restored, so that less than 100% of the C is lost to the atmosphere, a lower percentage can be

Assumption: If peat is not restored, 100% of the
carbon contained in the removed peat is lost as
CO,

Expected Minimum Maximum

CO, loss from removed peat

C Content of dry peat (% by weight) 53.23 19.57 64.28

Dry soil bulk density (g cm™) 0.13 0.07 0.29

% C contained in removed peat that is lost as CO, 100 100 100 <
- Total volume of peat removed (m°®) due to windfarm construction 0 0 0

|002 loss from removed peat (t CO,) 0 0 0

CO, loss from undrained peat left in situ

Total area of land lost due to windfarm construction (ha) 20 20 20

CO, loss from undrained peat left in situ (t CO, ha'1) 840 887 464

CO, loss from undrained peat left in situ (t CO,) 16654 17582 9203

CO, loss attributable to peat removal only

CO, loss from removed peat (t CO,) 0 0 0

CO, loss from undrained peat left in situ (t CO,) 16654 17582 9203

RESULTS

CO, loss attributable to peat removal only (t CO,) -16654 -17582 -9203

Click here to move to 5. Loss of soil CO, -
Click here to move to Payback Time Click here

CO, loss from removed peats

entered in cell C10

Note: If peat is treated in such a way that it is permanently restored, so that less than 100% of the C is lost to the atmosphere, a lower percentage can be




Volume of peat drained

Note: Extent of site affected by drainage is calculated assuming
an average extent of drainage around each drainage feature as

given in the input data.

Extent of drainage around each metre Total
of drainage ditch Exp Min Max
Average extent of drainage around

; ) 15 15 15
drainage features at site (m)
Peat affected by drainage around Total
borrow pits Exp Min Max
Number of borrow pits 5 5 5
Average length of pits (m) 125 125 125
Average width of pits (m) 107 107 107
,(‘\r:)erage depth of peat removed from pit 0.0 0.0 0.0
,(An:tz? affected by drainage per borrow pit 7878 7878 7878
Total ar?a aff(:cted by drainage around 39390 39390 39390
borrowpits (m<)
Total volume affected by drainage

. 3 0 0 0

around borrowpits (m”)
Peat affected by drainage around Total
turbine foundation and hardstanding Exp Min Max
No. of turbines 23 23 23
Average length of turbine foundations at
base (m)
Average width of turbine foundations at
base(m)
Average depth of peat removed from
turbine foundations (m)
Average length of hard-standing at base
(m)
Average width of hard-standing at base
(m)
Average depth of peat removed from
hard-standing (m)
Maximum depth of drains (m)
Total length of foundation and
hardstanding (m)
Total width of foundation and
hardstanding (m)
Area affected by drainage of foundation 5820 5820 5820

and hardstanding area (m?)

Construction Area 1

Exp
23

25
25
(0]
79
35

(V]
(V]

Min
23
25
25
0.0
79
35

0.0
0.0

Max
23

25

25

0.0

79

35

0.0
(V]
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Construction Area 2

Exp
0

0

0

Min
(0]
0

0

Max
0

0

0

Construction Area 3

Exp
0

0

0

Min
(0]
(0]

0

Max
0]

0

0

Construction Area 4

Exp
0

0

0

Min
(0]
(0]

0

Max
0

(0

0

Construction Area 5

Exp
0

0

0

Min
(0]
(0]

0

Max
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Total area affected by drainage of

foundation and hardstanding area (m2)
Total volume affected by drainage of

133860 | 133860 | 133860 [kkicIIUMNIctslclUMN eicts]e0]

0 0 0 0 0 0
foundation and hardstanding area (m3)
Peat affected by drainage of access Total
tracks Exp Min Max
Floating roads
Length of floating road that is drained
(m) 0 0 0
Floating road width (m) 0.0 0.0 0.0

Average depth of drains associated with
floating roads (m)
Area affected by drainage of floating

0.00 0.00 0.00

0 0 0
roads (mz)
Volume affected by drainage of floating 0 0 0
roads (m3)

Excavated Road
Length of access track that is

excavated road (m) 13500 | 13500 | 13500

Excavated road width (m) 5 5 5
Average depth of peat excavated for 0.0 0.0 0.0
road (m)
A ffected by drai f ted

rea a ezce y drainage of excavate: 405000 | 405000 | 405000
roads (m?)

Volume affected by drainage of

0 0 0
excavated roads (m3)
Rock-filled roads
Length of rock filled road that is drained
(m) 0 0 0
Rock filled road width (m) 0 0 0
Average depth of drains associated with 0.0 0.0 0.0
rock filled roads (m)
Area affected by drainage of rock-filled 0 0 0
roads (mz)
Volume affected by drainage of rock- 0 0 0

filled roads (m?)

Total area affected by drainage of

access track (mz)
Total volume affected by drainage of

access track (m3)

405000 [ 405000 | 405000

0 0 0

Peat affected by drainage of cable Total
trenches Exp | Min | Max




Length of any cable trench on peat that
does not follow access tracks and is
lined with a permeable medium (eg.
sand) (m)

Average depth of peat cut for cable
trenches (m)

0.0

0.0

0.0

Total area affected by drainage of cable

trenches (mz)
Total volume affected by drainage of

cable trenches (m3)

0.00

0.00

0.00

Drainage around additional peat
excavated

Exp

Total
Min

Max

Volume of additional peat excavated
(m°)
Area of additional peat excavated (mz)

o o
o o

o o
o o

© o
o o

Average depth of excavated peat (m)
Radius of area excavated (m)
Radius of excavated and drained area

(m)

OFFICIAL

—|

Assumption: Area excavated is
assumed to be a circle

Total area affected by drainage (mz)

Total volume affected by drainage (m3)

o ol o oo

o ol o oo

o ol o oo

RESULTS

Total area affected by drainage due

to windfarm (mz)
Total volume affected by drainage

due to windfarm (ms)

Exp
578250

0

Total
Min
578250

0

Max

578250

0

Click here to move to 5d. CO2 loss from-

drained peat

Click here to move to Payback Time

Volume of peat drained

Note: Extent of site affected by drainage is calculated assuming
an average extent of drainage around each drainage feature as

given in the input data.
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CO, loss due to drainage

Note: Note, CO, losses are calculated using two approaches: IPCC default methodology and more site specific equations derived for this project. The IPCC methodology is included
because it is the established approach, although it contains no site detail. The new equations have been derived directly from experimental data for acid bogs and fens (see Nayak et al,

2008 - Final report).

Click here to move to 5. Loss of soil COZ-

Click here to move to Payback Time|Click here

Expected Minimum Maximum
Drained Land
Total area affected by drainage due to wind farm construction (ha) 58 58 58
Will the hydrology of the site be restored on decommissioning? No No No
Will the habitat of the site be restored on decommissioning? No No No
Calculations of C Loss from Drained Land if Site is NOT Restored after Decommissioning
Total volume affected by drainage due to wind farm (m3) 0 0 0
C Content of dry peat (% by weight) 53 20 64
Dry soil bulk density (g cm™) 0.13 0.07 0.29
Total GHG emissions from Drained Land (t CO, equiv.) 0 0 0 Assumption: Losses of GHG from
drained and undrained land have the
Total GHG Emissions from Undrained Land (t CO, equiv.) 0 0 0 le—| same proportion throughout the
emission period.
Calculations of C loss from Drained Land if Site IS Restored after Decommissioning
1. Losses if Land is Drained . - —
Flooded period (days year ') 0 0 0 — ﬁszﬁ:dp:f;h; Ti?niri'fntii ?/(e";:'s ot
Lifetime of windfarm (years) 35 35 35
Time required for regeneration of bog plants after restoration 10 5 15
(years)
Methane Emissions from Drained Land
Rate of methane emission in drained soil ((t CH4-C) ha™ yr'™") 0.000 -0.017 0.163 Note:Conversion = (23 x 16/12) =
X i 30.67 CO, equiv. (CH,-C)!
Conversion factor: CH,-C to CO, equivalents 30.67 30.67 30.67
CH, emissions from drained land (t CO, equiv.) 27 1174 14411
Carbon Dioxide Emissions from Drained Land
Rate of carbon dioxide emission in drained soil (t CO, ha™ yr™") 18.67 22.67 4.30
CO, emissions from drained land (t CO,) 48583 52437 12423
Total GHG emissions from Drained Land (t CO, equiv.) 48556 51263 26834
2. Losses if Land is Undrained
Flooded period (days year'1) 178 178 178
Lifetime of windfarm (years) 35 35 35
Time required for regeneration of bog plants after restoration 10 5 15
(years)
Methane Emissions from Undrained Land
Rate of methane emission in undrained soil ((t CH,-C) ha™ yr™") 0.00 -0.02 0.16
Conversion factor: CH,-C to CO, equivalents 30.67 30.67 30.67 1—' Note:Conversion = (23 x 16/12) =
It C)1
CH, emissions from undrained land (t CO, equiv.) 27 1174 14411 RORACO eI ICHAC)
Carbon Dioxide Emissions from Undrained Land
Rate of carbon dioxide emission in undrained soil (t CO, ha” yr'1) 18.67 22.67 4.30
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CO, emissions from undrained land (t CO,) 48583 52437 12423
Total GHG Emissions from Undrained Land (t CO, equiv.) 48556 51263 26834
3. CO, Losses due to Drainage

Total GHG emissions from drained land (t CO, equiv.) 0 0 0
Total GHG emissions from undrained land (t CO, equiv.) 0 0 0
[RESULTS

Total GHG emissions due to drainage (t CO, equiv.) 0 0 0

Click here to move to 5. Loss of soil CO, -
Click here to move to Payback Time Click here

CO, loss due to drainage

Note: Note, CO, losses are calculated using two approaches: IPCC default methodology and more site specific equations derived for this project. The IPCC methodology is included
because it is the established approach, although it contains no site detail. The new equations have been derived directly from experimental data for acid bogs and fens (see Nayak et al,

2008 - Final report).
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Emission rates from soils

Note: Note, CO, losses are calculated using two approaches: IPCC default methodology and more site specific equations derived for this project. The IPCC methodology is included because it is
the established approach, although it contains no site detail. The new equations have been thoroughly tested against experimental data (see Nayak et al, 2008 - Final report).

Click here to move to 5d. _
Click here to move to Payback Time

Selected Methodology = Site specific (required for planning applications)
Type of peatland = Acid Bog

Calculations following IPCC default methodology Expected Minimum Maximum
Emission characteristics of acid bogs (IPCC, 1997)
Flooded period (days year™) 178 178 178
Annual rate of methane emission (t CH,-C ha’ yr") 0.04015 0.04015 0.04015
Annual rate of carbon dioxide emission (t CO, ha™ yr") 35.2 35.2 35.2
. L Assumption: The period of flooding is
Emission characteristics of fens (IPCC, 1997) taken to be 178 days yr-' for acid bogs
: =] and 169 days yr' based on the
Flooded period (days year .) . .y 169 169 169 e A e B ETE
Annual rate of methane emission (t CH,-C ha™ yr 0.219 0.219 0.219 lengths of inundation (iPcc, 1997, Revised
y
N . PR -1 -1 1996 IPCC guidelines for national greenhouse gas
Annual rate of carbon dioxide emission (t CO, ha™ yr) 35.2 35.2 35.2 inventories, Vol 3, table 5-13)
Assumption: The CH, emission rate
Selected emission characteristics (IPCC, 1997) pcrsviged fZO(; aCid bg%zis " (1-3(;3} mg
" T -C m2day’ x ays; and for
Flooded period (days year ') 178 178 178 fens is 60 (21-162) mg CH,-C m2 day"|
Annual rate of methane emission (t CH,-C ha’ yr'1) 0.04015 0.04015 0.04015 x 365 days (Aselmann & Crutzen ,1989.
P L R J.Atm.Chem. 8, 307-358)
Annual rate of carbon dioxide emission (t CO, ha™' yr'') 35.2 35.2 35.2
Assumption: CO, emissions on
drainage of organic soils for upland
Calculations following ECOSSE based methodolo crops ?e_g_, g,gin, Vegetabbs)pa,e
Drained Land 3.667x9.6 (7.9-11.3) t CO, ha' yr' in
Total area affected by drainage due to wind farm construction (ha) 58 58 58 :Z;gpf':; fj";‘:;_f;()"""e“‘a““ e =T
Total volume affected by drainage due to wind farm construction (m3) 0 0 0
Mote: Carbon dioxide emissions from acid bogs. Equation derived by regression analysis against 80
) R . L. measurements (Mayak et al, 2008). The eguation derved was =
Soil Characteristics that Determine Emission Rates 667/1000) x ({5700 x exp(-0.26 ¥ exp(-0.0515 x {(Wx100)-50]))) + ((72.54 % T} - 800]) ;=
Average annual air temperature at the site (°C) 10 5.7 15.2 Isthearl'muatltrate ufctO; e_rgssuugsu_tCO;u_har yri); o
e annual peat temperature(*C) an
) tertable depth{m}.
Average water table depth at site (m) 0.50 1.00 0.10 The equation shows a significant correlation with measurements (rf =053 £ 0.05)
i Ewvaluationagainst 28 independent experments shows a significant assodation(r=-0.21; P>0.05} and
Average water table depth of drained land (m) 0.50 1.00 0.10 an average error 0f 30231 CO. ha' yr whichis non-significant {P=0.08) {Smith et al, 1987).
2“.’:‘:' Emission Rates following site specific methodology measurements (Nayak etal, 2 }. The equationderved was
cid bogs — S— _ _ — R-_,= (1/1000)% (500 % exp(-0.1234 » (Wx100)] + ((3.529 % T] - 36.67))
Rate of carbon dioxide emission in drained soil (t CO, ha™ yr) 18.67 22.67 4.30 here Rz, 15 the annual rate of CH, emissions (1 CH,-G (haf yr),
- Lo . . . T = average annual air temperature (°C)and
Rate of carbon dioxide emission in undrained soil (t CO, ha™ yr™') 18.67 22.67 4.30 \Wis the watertable depth (m).
Rate of methane emission in drained soil ((t CH,-C) ha™" yr") 0.000 -0.017 0.163 Tiie ciletnohome R tee s OOkl W I s e A T,
L 3 N B Evaluationagainst 7 independent experiments shows a significant assodiation{ .81; P=0.05)and an
Rate of methane emission in undrained soil ((t CH,-C) ha™ yr') 0.00 -0.02 0.16 average error of 27t CH.-C ha™ yr' (significance not defined due to lack of replicates - Smith et al,
Fens o
— — - - T
Rate of carbon dioxide emission in drained soil (t CO, ha™ yr) 55.58 62.50 10.69 Mote: Carbondioxide emissions from fens. Equation derived by regression analysis against4d | ——— | —
i el f : . -1 measurements (Mayak et al, 2 }. The equation denved was
Rate of carbon dioxide emission In undrained soil (t 0012 h?f" yr) 55.58 62.50 10.69 Rene= (3.667/1000) % (16244 x exp(-0.175 x exp(-0.073 x ({Wx100}-50))|+(153.23 x 7)) :
Rate of methane emission in drained soil ((t CH,-C) ha™ yr™) 0.001 -0.006 0.214 here Rzz: 15 the annual rate of CO; emissions (t CO: (hal” yr) o g .
o . ) EIE T= Jal peatt ture (=G} and |
Rate of methane emission in undrained soil ((t CH,-C) ha™ yr™) 0.00 -0.01 0.21 Wisthewntertabie aepin(my i / : I—’
The equation shows a significant correlationwith measurements (r* : —
Sl b d i s . . . o Ewvaluationagainst 18 independent experiments showsa significant association =0.06}and
characteristics following site s""ec:f'c 'meth y anaverage error 0f 2108 1 CO; ha™ yr (signficance not defined due to lack of replicates-Smith et al, 1987 =
Rate of carbon dioxide emission in drained soil (t CO, ha™ yr’ . . X
o . . ( 2 )i1 )_' 18.67 22.67 430 Mote: Methane emissions from fens. Equation derved by regression analysis against experimental data
Rate of carbon dioxide emission in undrained soil (t CO, ha™ yr™') 18.67 22.67 4.30 from 35 measurements (Mayaketal, 2 i
— - - —— R = (1110 -10+563.82 x exp(-0.087 x (Wx 1
Rate of methane emission in drained soil ((t CH4-C) ha’ yr ') 0.000 -0.017 0.163 E‘rE'-:- .S 1’;'3,-,,-.15”3?5 ;fe[;-pul gm‘ss.};.{ﬁ.t’cH,_ .
ission il i i - -1y _ T=average annualair temperature (*Cland -
Rate of methane emission in undrained soil ((t CH,-C) ha™ yr'') 0.00 0.02 0.16 Wis thewater fable depfa{my, f / i
The equationshows a significant correlation with measurements (=041, P>0.05 . _,_/
RESULTS Evaluation against 7 independent experiments shows a significant association (r 12 ) .05} and ! =T
ot an average error of 164 tCH,-C ha yr (sigrificance not defined due to lack of replicate-Smith et al 1887 -
Selected Emission Rates ===
Rate of carbon dioxide emission in drained soil (t CO, ha™ yr') 18.67 22.67 4.30
Rate of carbon dioxide emission in undrained soil (t CO, ha” yr") 18.67 22.67 4.30
Rate of methane emission in drained soil ((t CH4-C) ha’ yr") 0.000 -0.017 0.163
Rate of methane emission in undrained soil ((t CH,-C) ha™ yr™") 0.00 -0.02 0.16

Click here to move to 5d. CO2 loss from drained peat-
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Click here to move to Payback Time

Emission rates from soils

Note: Note, CO, losses are calculated using two approaches: IPCC default methodology and more site specific equations derived for this project. The IPCC methodology is included because it is
the established approach, although it contains no site detail. The new equations have been thoroughly tested against experimental data (see Nayak et al, 2008 - Final report).
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Emissions due to loss of DOC and POC

Note: Note, CO; losses from DOC and POC are calculated using a simple approach derived from generic estimates of the percentage of the total CO2 loss that is due to DOC

or POC leaching

No POC losses for bare soil included yet. If extensive areas of bare soil is present at site need modified calculation (Birnie et al, 1991)

Note: Only restored drained land included because if land is not

¢ restored, the C lost has already been counted as carbon dioxide

Assumption: DOC loss ranges between 7 -40% of the total gaseous
loss if calculated from the reported (minimum and maximum) values
in Worrall 2009 and is 26% of the total gaseous loss if calculated from
the mean of reported maximum and minimum value in Worrall 2009.
These DOC values are flux based on soil water concentration (i.e.
12.5 - 85.9 MgC/KM?/yr)

and not on flux at catchment outlet (i.e. 10.3 - 21.8 MgC/KM?/yr)

Worrall, F. et al., 2009. The multi-annual carbon budget of  peat-covered catchment. Science of The

Assumption: In the long term, 100% of leached DOC is assumed to be
lost as CO,

Assumption: POC loss ranges between 4-10% of the total
gaseous loss if calculated from the reported values and is 8%
of the total gaseous loss if calculated from the mean of
reported maximum and minimum value in Worrall 2009. POC|
range is (7 - 22.4 MgC/KM?/yr) (Worrall et al, 2009).

Expected Minimum Maximum

Total C loss
Gross CO;, loss from restored drained land (t CO,) 0 0 0
Gross CH, loss from restored drained land (t CO, equiv.) 0 0 0
Gross CO, loss from improved land (t CO,)

Degraded Bog 0 0 0

Felled Forestry 0 0 0

Borrow Pits 0 0 0

Foundations & Hardstanding 0 0 0
Gross CH, loss from improved land (t CO, equiv.)

Degraded Bog 0 0 0

Felled Forestry 0 0 0

Borrow Pits 0 0 0

Foundations & Hardstanding 0 0 0
Conversion factor: CH,-C to CO, equivalents 30.6667 30.6667 30.6667
% total soil C losses, lost as DOC 26 7 40
% DOC loss emitted as CO, over the long term 100 100 100
% total soil C losses, lost as POC 8 4 10
% POC loss emitted as CO, over the long term 100 100 100
Total gaseous loss of C (t C) 0 0 0
Total C loss as DOC (t C) 0 0 0
Total C loss as POC (t C) 0 0 0
RESULTS
Total CO; loss due to DOC leaching (t CO,) 0 0 0
Total CO, loss due to POC leaching (t CO,) 0 0 0
Total CO, loss due to DOC & POC leaching (t CO,) 0 0 0
Additional CO, payback time of windfarm due to DOC & POC

...coal-fired electricity generation (months) 0 0 0

...grid-mix of electricity generation (months) 0 0 0

...fossil fuel - mix of electricity generation (months) 0 0 0

Click here to move to Payback Time

Assumption: In the long term, 100% of leached POC is assumed to be
lost as CO,

Emissions due to loss of DOC and POC

Note: Note, CO, losses from DOC and POC are calculated using a simple approach derived from generic estimates of the percentage of the total CO2 loss that is due to DOC

or POC leaching

No POC losses for bare soil included yet. If extensive areas of bare soil is present at site need modified calculation (Birnie et al, 1991)
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Emissions due to forest felling - calculation using simple management data

Note: Emissions due to forestry felling are calculated from the reduced carbon sequestered per crop rotation. If the forestry was due to be removed before the planned development,
this C loss is not attributable to the wind farm and so the area of forestry to be felled should be entered as zero.

Expected Minimum Maximum
Emissions due to forestry felling
Area of forestry plantation to be felled (ha) 69.27 69.27 69.27
Carbon sequestered (tC ha™ yr') 3.5 3.45 3.55
Lifetime of windfarm (years) 35 35 35
Carbon sequestered over the lifetime of the windfarm (t C ha'1) 122.5 120.75 124.25

RESULTS
Total carbon loss due to felling of forestry (t CO,)

Additional CO, payback time of windfarm due to management of forestry
...coal-fired electricity generation (months)

...grid-mix of electricity generation (months)
...fossil fuel - mix of electricity generation (months)

Click here to move to Payback Time Click here

Emissions due to forest felling - calculation using simple management data

Note: Emissions due to forestry felling are calculated from the reduced carbon sequestered per crop rotation. If the forestry was due to be removed before the planned development,
this C loss is not attributable to the wind farm and so the area of forestry to be felled should be entered as zero.




OFFICIAL

2 to move to Payback Time |Click here

Forestry Area 3 Forestry Area 4 Forestry Area 5
Min Max Exp Min [ EEVe Exp Min Max

0.919 | 0.919
0477 | 0.177

0.448 | 0.448

estry Area 2 Forestry Area 3 Forestry Area 4 Forestry Area 5

Min [ EVe Exp Min Max Exp Min Max Exp Min Max

HHIHHHE | HHHEHHE | THEHEHE  HHHBHHE HHEHHE | TR T | B HHEHE HHERHEE THEHE
0 0 0 0 0 0 0 0 0 0 0

52560 | 63072 | 55188 52560 63072 | 55188 | 52560 || 63072 55188 52560 63072

Partial Partial Partial Partial Partial Partial Partial Partial Partial Partial Partial
power power power power power power power power power power power
curves for [curves for| curves for curves for curves for |curves for| curves for |curves for curves for curves for curves for
different | different | different different different | different | different | different different = different  different
turbines | turbines | turbines turbines turbines | turbines | turbines | turbines @ turbines turbines turbines

0 0 0 0 0 0 0 0 0 0 0

Min Max Exp Min Max Exp Min Max Exp Min Max
Min Max Exp Min Max Exp Min Max Exp Min Max
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HHIHHHE | HHHEHHE | THEHEHE  HHHBHHE HHEHHE | TR T | BHEHEER | HHHEHHE HHEHHEE THEHEH

HHHHHHE | HHHHHE | THEHEHE HHBHHE HHEHHE | ST | B HHHEHHE HHERHEE tHEHEH

Forestry Area 3 Forestry Area 4 Forestry Area 5




OFFICIAL

Gains due to site improvement

Note: Note, CO, losses are calculated using two approaches: IPCC default methodology and more site specific equations derived for this project. The IPCC methodology is included because it is the established approach, although it
contains no site detail. The new equations have been thoroughly tested against experimental data (see Nayak et al, 2008 - Final report).

Selected Methodology = Site specific (required for planning applications)
Type of peatland = Acid Bog

Reduction in GHG emissions due to improvement of site Expected result Minimum result Maxi result
Foundations & Foundations &
Hardstandina Hardstandina

Foundations &

Degraded Bog | Felled Forestry Borrow Pits Hardstandina

Degraded Bog | Felled Forestry Borrow Pits Degraded Bog | Felled Forestry Borrow Pits

Improvement of...
1. Description of site

Period of time when effectiveness of the improvement can be guaranteed (vears) 25 25 25 35 25 25 25 35 25 25 25 35
Area to be improved (ha) 0 0 0 0 0 0 0 0 0 0 0 0
Averaqe air temperature at site (°C) 10 10 10 10 5.7 5.7 5.7 5.7 15.2 15.2 15.2 15.2 Note: Methane emissions from acid bogs. Equation derived by regression analysis against 57
Depth of peat drained (m) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 gjﬂwmf&;;”ﬂéﬁokoe‘ elh 2‘205)-115 EQF;\;‘“{‘O%‘*);‘VE‘(’(:?ZQ -5
. = X x exp(-0.. x (WX +((3. x T) - 36.

Depth of peat above water table beforg improvement (m) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 wh;‘re Reys s the annual rate of GH, emissions (t CH,-C (ha) yr),
Depth of peat above water table after improvement (m) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 T = average annual air temperature (°C) and
2. Losses with improvement ¥Vh\s the v(aler Ihable depth ('m)- - - = (2= 0/54) B> 0.05)

N - e equation shows a significant correlation with measurements (2 = 0.54, P> 0.05).
Flooded period (days year ) 178 178 178 178 178 178 178 178 178 178 178 178 against 7 i shows a significant association (2= 0.81; P>0.05) and an
Time required for hydrology and habitat to return to its previous state on restoration 0 0 0 0 0 0 0 0 0 0 0 0 average error of 27 t CH,-C ha"' yr! (significance not defined due to lack of replicates - Smith et al, 1997).
(vears) Note: Methane emissions from fens. Equation derived by analysis against data

- from 35 measurements (Nayak et al, 2009). The equation derived was
Improved period (years) 25 25 25 35 25 25 25 35 25 25 25 35 Reye = (1/1000) x (-10+563.62 x exp(-0.097 x (W x 100))+(0.662 x T))
Methane emissions from improved land where Rey is the annual rate of CH, emissions (t CH,-C (ha) yr1),
Site specific methane emission from improved soil on acid bogs (t CH,-C ha™ yr”) 0.499 0.499 0.499 0.499 0.483 0.483 0.483 0.483 0.517 0.517 0.517 0.517 lf;:m’i?;:f“{;“;;z‘;;f;\"(‘:j)’a‘”’e (°C)and
Site specific methane emission from improved soil on fens (t CH,-C ha™ yr™") 0.560 0.560 0.560 0.560 0.557 0.557 0.557 0.557 0.564 0.564 0.564 0.564 The equation shows a significant correlation with measurements (2 = 0.41, P >0.05).
IPCC annual rate of methane emission on acid bogs (t CHy-C ha™ yr”) 0.040 0.040 0.040 0.040 0.040 0.040 0.040 0.040 0.040 0.040 0.040 0.040 o e
IPCC annual rate of methane emission on fens (t CH,-C ha™ yr) 0.219 0.219 0.219 0.219 0.219 0.219 0.219 0.219 0.219 0.219 0.219 0.219
- S
Selected annual rate of methane emission (t CHs-C ha™ yr') 0.499 0.499 0.499 0.499 0.483 0.483 0.483 0.483 0.517 0.517 0.517 0.517 Reos = (3.667/1000) x (6700 x exp(-0.26 x exp(-0.0515 x ((Wx100)-50)))) + ((72.54 x T) - 800))
CH,4 emissions from improved land (t CO, equiv.) 0 0 0 0 0 0 0 0 0 0 0 0 where Reo, is the annual rate of CO, emissions (t CO, (ha)! yr),
= o

Carbon dioxide emissions from improved land \ ;V‘:X,eem,,?;:,n&“;éZe;;t:‘e(;‘;émmre( S
Site specific CO, emission from improved soil on acid bogs (t CO, ha”' yr) 0.53 0.53 0.53 0.53 -0.61 -0.61 -0.61 -0.61 1.91 1.91 1.91 1.91 The equation shows a significant correlation with measurements (2 =0.53 P> 0.052)

. - . . . R t 29 i h ificant iation (2= 0.21; P>0.05) and
Site specific CO, emissions from improved soil on fens (t CO, ha™ yr") 568 568 568 568 3.26 3.26 3.26 3.26 8.60 8.60 8.60 8.60 o o e T e
IPCC annual rate of carbon dioxide emission on acid bogs (t CO, ha”' yr'1) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 Note: Carbon dioxide emissions from fens. Equation derived by regression analysis against 44

T P R measurements (Nayak et al, 2009). The equation derived was
IPCC annual rate of carbon dioxide emission on fens (t C012 ha1 yr) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 Reo = (3.667/1000) x (16244 x exp(-0.175 x exp(-0.073 x ((Wx100)-50)))+(153.23 x T))
Selected annual rate of carbon dioxide emission (t CO, ha™ yr™') 0.53 0.53 0.53 0.53 -0.61 -0.61 -0.61 -0.61 1.91 1.91 1.91 1.91 where Re, is the annual rate of CO, emissions (t CO, (ha)! yr),
= o
CO, emissions from improved land (t CO,) 0 0 0 0 0 0 0 0 0 0 0 0 e e
issi i i The equation shows a significant correlation with measurements (12 = 0.42, P > 0.05).
Total GHG e.mlssw.ns from improved land (t CO, equiv.) 0 0 0 0 0 0 0 0 0 0 0 0 against 181 Shows a significant association (12 0.56; P>0.05) and
3. Losses without improvement an average error of 2108 t CO, ha'' yr (significance not defined due to lack of replicates-Smith et al, 1997)
Flooded period (days year’w) 0 0 0 0 0 0 0 0 0 0 0 0
;I:‘l;r;ersr;aqulred for hydrology and habitat to return to its previous state on restoration 0 0 0 0 0 0 0 0 0 0 0 0
Improved period (vears) 25 25 25 35 25 25 25 35 25 25 25 35
issi from unimp; land
Site specific methane emission from unimproved soil on acid bogs (t CH4-C ha™ yr™) 0.499 0.499 0.499 0.499 0.483 0.483 0.483 0.483 0.517 0.517 0.517 0.517 je—————{Note: Methane emissions from acid bogs. As above _|
Site specific methane emission from unimproved soil on fens (t CH,-C ha™ yr'1) 0.560 0.560 0.560 0.560 0.557 0.557 0.557 0.557 0.564 0.564 0.564 0.564 1—{Note. Methane emissions from fens. As above ]
IPCC annual rate of methane emission on acid bogs (t CH4-C ha™ yr™) 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
IPCC annual rate of methane emission on fens (t CH,-C ha™ yr) 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Selected annual rate of methane emission (t CH,-C ha™ yr'") 0.499 0.499 0.499 0.499 0.483 0.483 0.483 0.483 0.517 0.517 0.517 0.517
CH,4 emissions from unimproved land (t CO, equiv.) 0 0 0 0 0 0 0 0 0 0 0 0
Carbon dioxide emissions from unimproved land
Site specific CO, emission from unimproved soil on acid bogs (t CO, ha™ yr'") 0.53 0.53 0.53 0.53 -0.61 -0.61 -0.61 -0.61 1.91 1.91 1.91 1.91 je————{Note: CO, emissions from acid bogs. As above |
Site specific CO, emissions from unimproved soil on fens (t CO, ha™ yr™) 5.68 5.68 5.68 5.68 3.26 3.26 3.26 3.26 8.60 8.60 8.60 8.60 ‘—‘NO'E CO, emissions from fens. As above ]
IPCC annual rate of carbon dioxide emission on acid bogs (t CO, ha™ yr'") 35.20 35.20 35.20 35.20 35.20 35.20 35.20 35.20 35.20 35.20 35.20 35.20
IPCC annual rate of carbon dioxide emission on fens (t CO, ha™ yr'") 35.20 35.20 35.20 35.20 35.20 35.20 35.20 35.20 35.20 35.20 35.20 35.20
Selected annual rate of carbon dioxide emission (t CO, ha yr”) 0.53 0.53 0.53 0.53 -0.61 -0.61 -0.61 -0.61 1.91 1.91 1.91 1.91
CO, emissions from unimproved land (t CO,) 0 0 0 0 0 0 0 0 0 0 0 0
Total GHG emissions from unimproved land (t CO, equiv.) 0 0 0 0 0 0 0 0 0 0 0 0
[RESULTS
4. Reduction in GHG emissi due to imp of site
Total GHG emissions from improved land (t CO, equiv.) 0 0 0 0 0 0 0 0 0 0 0 0
Total GHG emissions from unimproved land (t CO, equiv.) 0 0 0 0 0 0 0 0 0 0 0 0
Reduction in GHG emissions due to improvement (t CO, equiv.) 0 0 0 0 0 0 0 0 0 0 0 0
Additional CO, payback time of windfarm due to site improvement
...coal-fired electricity generation (months) 0 (1] 0 (1] 0 (1] 0 (1] 0 (1] 0 (1]
...grid-mix of electricity generation (months) 0 0 0 0 0 0 0 0 0 0 0 0
...fossil fuel - mix of electricity generation (months) 0 0 0 0 0 0 0 0 0 0 0 0

Click here to move to Payback Time | Click here

Gains due to site improvement

Note: Note, CO;, losses are calculated using two approaches: IPCC default methodology and more site specific equations derived for this project. The IPCC methodology is included because it is the established approach, although it
contains no site detail. The new equations have been thoroughly tested against experimental data (see Nayak et al, 2008 - Final report).




Results
PAYBACK TIME AND CO, EMISSIONS

Note: The carbon payback time of the windfarm is calculated by comparing the loss of C from the site due to
windfarm development with the carbon-savings achieved by the windfarm while displacing electricity generated from

coal-fired capacity or grid-mix.

Click here to return to Input data
Click here to return to Instructions

OFFICIAL

Exp. Min. Max.
1. Windfarm CO, emission saving over...
...coal-fired electricity generation (tCO, yr’1) 4083 3888 4666
...grid-mix of electricity generation (tCO, yr") 786 749 899
...fossil fuel - mix of electricity generation (tCO, yr") 1990 1896 2275
Energy output from windfarm over lifetime (MWh) 155492 148088 177705
Total CO, losses due to wind farm (t CO, eq.)
2. Losses due to turbine life (eg. manufacture,
construction, decomissioningg) ¢ ' 124634 118187 143975
3. Losses due to backup 99515 94776 113731
4. Losses due to reduced carbon fixing potential 3204 2278 4272
5. Losses from soil organic matter -16654  -17582 -9203
6. Losses due to DOC & POC leaching 0 0 0
7. Losses due to felling forestry 31117 30672 31561
Total losses of carbon dioxide 241815 228331 284335
8. Total CO, losses due to improvement of site (t CO, eq.)
8a. Change in emissions due to improvement of
degraded bogs 0 0 0
8b. Change in emissions due to improvement of felled o o o
forestry
8c. Change in_emissions due to restoration of peat o o 0
from borrow pits
8d. Change ip emissions due So removal of drainage o o 0
from foundations & hardstanding
Total change in emissions due to improvements 0 0 0
Proportions of greenhouse gas emissions from different sources
RESULTS
OTurbine life
Exp. Min. Max.
Net emissions of carbon dioxide (t CO, .,.) M Backup
241815 228331 284335
Carbon Payback Time ®Bog plants
...coal-fired electricity generation (years) 59.2 489 73.1 . .
. . L ) B Soil organic carbon
...grid-mix of electricity generation (years) 307.5 254.1 379.7
...fossil fuel - mix of electricity generation (years) 121.5 100.4 150.0 B DOC & POC
Ratio of soil carbon loss to gain by restoration
(TARGET ratio (Natural Resogrces \Xlales )<1.0) #DIVIOL #DIVIOL #DIVIO! @ Management of forestry
No gains! No gains! No gains!
O Improved degraded bogs
Ratio of CO, eq. to power g (g / kWh) €5 ES D

(TARGET ratio by 2030 (electricity generation) < 50 g /kWh)

@ Improved felled forestry
O Restored borrow pits

O Stop drainage of foundations

Data used in barchart of carbon payback time using fossil-fuel mix as counterfactual

Greenhouse gas emissions

Turbine life

Backup

Bog plants

Soil organic carbon

DOC & POC

Management of forestry
Improved degraded bogs
Improved felled forestry
Restored borrow pits

Stop drainage of foundations

Exp.
124634
99515
3204
0
0
31117

o oo

Min
6447
4739

445

o oo o

Greenhouse gas emissions

Greenhouse gas emissions (t CO, oq)

Turbine life
Backup

Bog plants

Soil organic carbon
DOC & POC
anagement of forestry

»roved degraded bogs

nproved felled forestry

Restored borrow pits

-ainage of foundations

Carbon payback time (months)
IS
8
8

Turbine life
Backup

Bog plants

il organic carbon

DOC & POC

ement of forestry

Carbon payback time using fossil-fuel mix as counterfactual

tored borrow pits
Je of foundations

d degraded bogs
ed felled forestry

Data used in barchart of carbon payback time using fossil-fuel mix as counterfactual

Greenhouse gas emissions

Carbon payback time (months)

Turbine life

Backup

Bog plants

Soil organic carbon

DOC & POC

Management of forestry
Improved degraded bogs
Improved felled forestry
Restored borrow pits

Stop drainage of foundations

Exp.
124634
99515
3204
-16654
0
31117
0
0
0
0
241815

Min.

6447

4739
926
928

4
0
0
0
0

Max.
19341
14216
1068
7450
0
445
0

0
0
0

Exp. Min. Max.
751 41 102
600 30 75

19 6 6

-100 6 39

0 0 0
188 3 2

0 0 0

0 0 0

0 0 0

0 0 0
1458
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Improvec
Improve

Rest

Stop drainag

Results
Click here to return to Input data _

PAYBACK TIME AND CO, EMISSIONS
Note: The carbon payback time of the windfarm is calculated by comparing the loss of C from the site due to windfarm development with the carbon-savings achieved by the

windfarm while displacing electricity generated from coal-fired capacity or grid-mix.

Click here to return to Instructions  [Click here|



List of Assumptions

Item

Embodied Carbon Assumptions

Description Assumption

'Volume of Concrete Mixer

'Volume of Average Artic Truck

Ducting and cabling (internal)

Grid connection cable laying

Tree Felling

Turbine Lifecycle

Volume of Concrete Material

'Volume of Steel

'Volume of Stone for the
Prooposed Project

Calculation completed based on the average concrete
mixer holding 8m3 of concrete

Calculation completed based on the average artic truck
having a carrying capacity of 20 tonnes

Embodied carbon of electrical equipment not included as
an option in TII Carbon Tool

Embodied carbon of electrical equipment not included as
an option in TII Carbon Tool

Embodied carbon of tree felling is included in the
Macauley Institute Carbon Calculatior for Wind Farms
on Peatland

Embodied carbon of the oevrall turbine lifecycle is
included in the Macauley Institute Carbon Calculatior for
Wind Farms on Peatland -

“There will be approximately 27,504m3 of concrete
required for the Proposed Project., The TII Carbon Tool
require this material to be in kg.

The density of concrete to be used at the Proposed Wind 61691472.00
Farm is assumed to have average density of

approximately 2,243m3/kg. Based on an assumed

27,504m3 of concrete being required (based on 3,438

truckloads of concrete with a 8m3 carrying capacity) this

would reuslt in approaximately 61,691,472kg being used

for the Pronasd Proiect

An assumed 1300 tonnes of steel is required (based on 65

truckloads of steel with a 20 tonne carrying capacity) for 1300
the Proposd Project

Whilst it is anticipated that the propsoed borrow pits will

source all the required stone for the Proposed Project, n

assumed total of 67,280 tonnes of stone is required (based 67280
on

64 truckloads of stone with a 20 tonne carrying
capacity) for the Proposed Project

Item

Import (P) Distance

Quarry (Q) Distance

Concrete Mixer Emission factor

Large Artic Emission Factor

[ Truck Emissions Factor

Traffic Assumptions

Description

For modelling purposes, the average distance from Port of Cork,
Co. Cork (Ringaskiddy) and Port of Waterford, Co. Kilkenny for
transport of all other materials for the site

Distances from key quarries (Kereen Quarry & Roadstone
Cappagh) and towns (Dungarvan & Youghal) for the Deliveries of
Stone and Readv-Mix Concrete from Onarries to the Pronnsed
Calculated from an HGV - Rigid - All emission factor as provided
in the TII Carbon Tool. Source: 2024 DEZNZ emission factors -
‘Delivery vehicles' tab, All Rigids HGVs and used Average laden
weight. 2024 DEZNZ emission factors - 'WTT - delivery vehs &
freight' tab, all Rigids HGVs and used Average laden weight.

Calculated from an HGV - All - Average emission factor as
provided in the TIT Carbon Tool. Source: 2024 DEZNZ emission
factors - Delivery vehicles' tab, All artics HGVs and used Average
laden weight. 2024 DEZNZ emission factors - 'WTT - delivery vehs
& freight' tab, all artics HGVs and used Average laden weight.

Calculated from an HGV - Articulated - Average emission factor as
provided in the TII Carbon Tool. Source: 2024 DESNZ emission
factors - 'Delivery vehicles' tab, All artics HGVs and used Average
laden weight. 2024 DESNZ emission factors - 'WTT - delivery vehs
& freight’ tab, all artics HGVs and used Average laden weight.

Assumption

15.325

1.03

1.08

Carbon Fixing Vegtation Assumptions

Item

Calculation of Carbon
Storage Potential in
[Enhancment Measures

Calculation of Carbon
Loss from removal of

carhon fixing vesetation

Description

The carbon storage capacity of restored habitats will vary over time as
vegetation matures and land use and the baseline environment change.
Therefore, while it can be assumed that native woodland replanting on the site
will result in an increased capacity of carbon storage due to the carbon storage
potential that exists within these habitats, to ensure the assessment below is

of these
potential carbon savings (via an increase in carbon storage potential) associated

identified under a nario the

with these measures has not been included in the carbon savings assessment.
Please note, the carbon sequestration potential associated with the replanting of
native woodland will be able to be determined in the future via the Teagasc
Forest Carbon Tool; currently this is not able to be completed due to Teagasc
carrying out further analysis and validation on current data and the
sequestration potential not being available in the public domain.

Carbon losses associated with the removal of other carbon-fixing vegetation will
result in additional carbon losses. These have not been quantified as the lack of
1 field data and

consistent nationall Jimits the ability to make

Assumption

Not considered in
assessment or quantified

Not considered in
assessment or quantified




Categorisation

Route

Distance (km) |Use:

Feed In Information:

Q

Close to Site

Import

Identified Quarry in EIAR for Stone and Ready Mix
Concrete, Identified large scale quarry, 2 no. large
settlements which material and personnel may travel
from

For modelling purposes, the average distance from
two of the proximate ports/city locations for
transport of all other materials for the site

For transport calculations for all concrete and infill
15.325 materials

71.2 For transport calculations for all other materials

Distance

Route KM

Ringaskiddy to Site Entrance 78.4
Port of Waterford to Site Entrance 64
Average: 71.2
Kereen Quarry 14.8
Roadstone Cappagh 14
Dungarvan 9.4
Youghal 23.1
Average: 15.325




Ch 15: Material Assets, Table 15-8 BISENES TIl Embodied Carbon Tool Inputs Tl Transport Inputs

Assumptions

) ) Low Loader and Dump
[l Il vt Truck 200 v 15.325 HGV- All - Average 3,065.00 3.399
e Tow Loader and Dump -
General site deliveries o 300 v 15325 HGV- All - Average 459750 5.098
Forestry removal “Articulated Low Loader 590 v 15325 HGV- All- Average 10,574.25 11727
[ B . _— - Series 2400 - Brickwork, Blockwork
— s v v 15.325 and Stonework Brickwork and Blockwork | General Stone 67,280.00 |tonnes 5315|HGV - Rigid - Average 51,553.30 53.979
Reint . Low Load . Other Structural Steelwork Anchorages and holding down bolt 2331 5335
einforcemen W Loader v v 712 assemblies 1,300.00 [tonnes HGV - Articulated - Average 4,628.00 -
Concrete Concrete Wagon 3438 v v 15.325 Series 1700 Structural Concrete In Situ Concrete - General In Situ Concrete , General 61691472.00| kg 30626.477|HGV - Rigid - Average 52,687.35 55.166
Cabling and sand Low Loader 700 v 15325 HGV- Al - Average 10,727.50 11.896
Geotextile separators Low Loader 15 v 15325 HGV- All- Average 689.63 0.765
HV clectrical items Durnp Truck 75 v 15325 HGV- All- Average 1,149.38 1.275)
Sub-stations Various 200 v 15325 HGV- All- Average 3,065.00 3399
Cranes and related lifting )
|equipment CpVENED & v 712 HGV- All - Average 5,696.00 6317
[Turbine components “Abnormal Loads 250 v 712 HGV - Articulated - Average 17,800.00 20518
Proposed 110KV Grid )
Connection Cable Nero s v 71.2 HGV- All - Average 89,284.80 99.014)
Site reinstatement and Various 150 v 2.549

storation 15.325 HGV- All - Average 2,298.75
tal 38272.477 280.44




