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CARBON CALCULATIONS
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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) 3271 3217 3326
..grid-mix of electricity generation (tCO, yr") 648 637 658
..fossil fuel - mix of electricity generation (tCO, yr') 1367 1344 1389
Eneray output from windfarm over lifetime (MWh) 109456 107632 111280
Total CO, losses due to wind farm (t CO, eq.)
2. Losses due to turbine life (eg. manufacture, 87355 85767 88044
construction, decomissionina)
3. Losses due to backup 68332 67193 69471
4. Losses due to reduced carbon fixing potential 2781 1978 3708
5. Losses from soil organic matter 35316 -15325 170549
6. Losses due to DOC & POC leaching 0 0 0
7. Losses due to felling forestry 12974 13162 13350
Total losses of carbon dioxide 206758 152775 346022
8. Total CO, gains due to improvement of site (t CO, eq.)
8a. Change in emissions due to improvement of
degraded bogs ° ° °
8b. Change in emissions due to improvement of
felled forestry 0 0 0
8c. Change in emissions due to restoration of peat 0 o o
from borrow pits
8d. Change in emissions due to removal of drainage 0 o 0
from foundations & hardstanding
Total change in emissions due to improvements 0 0 0
F of greenhouse gas emissions from different sources
RESULTS
O Turbine life
Exp.  Min.  Max.
Net emissions of carbon dioxide (t CO; oq.) 8 Backup
206758 152775 346022 B Bog plants
Carbon Payback Time
...coal-fired electricity generation (years) 63.2 459 107.6 B Soil organic carbon
...grid-mix of electricity generation (years) 319.3 2321 543.4
...fossil fuel - mix of electricity (vears) 1513 1100 2575 |BDOC& POC

Ratio of soil carbon loss to gain by restoration
(TARGET ratio (Natural Wales ) < 1.0)

No gains! No gains! No gains!

Ratio of CO, eq. emissions to power generation (g / kWh)
(TARGET ratio by 2030 (electricity generation) < 50 g /kWh)

1889

1373

3215

B Management of forestry
Oimproved degraded bogs
B Improved felled forestry
O Restored borrow pits

O'Stop drainage of foundations

~ 200000 :

z i H i i
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£ 100000 ! ! !
s |:| . |
5
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H
3 -50000
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g g 5
o 8 2

&

Turbine life

Soil organic carbon
DOC & POC
Management of forestry

Greenhouse gas emissions

Improved degraded bogs

Improved felled forestry

Restored borrow pits

Stop drainage of foundations

Carbon payback time (months)

Backup

Turbine life

Carbon payback time using fossil-fuel mix as counterfactual

Bog plants

DOC & POC

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

Stop drainage of foundations

Results

ul
PAYBACK TIME AND CO; EMISSIONS

Note: The carbon payback time of the windfarm s calculated by comparing the loss of C from the site due to windfarm development with the carbon-savings achieved by| Click here to return to Instructions

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

Click here to return to Input data

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.
87355

Min
1588
1139
803
50641
0

cocooo

Max
1588
1139
927
135233

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.
87355
68332

2781
35316

0
12974
0
0
0

0
206758

Min.
1588
1139
803
50641

0
-188
0

0
0
0

Max.
1588
1139
927
135233
0

7¢
0
0
0
0

Exp. Min. Max.
767 14 14
600 10 10

24 7 8
310 452 1168
0 0 0

114 -2 3
0 0 0
0 0 0
0 0 0
0 0 0
1815
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Windfarm CO, emission saving

from grid)

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

Click here to move to Payback Time

Total Forestry Area 1 Forestry Area 2 Forestry Area 3 Forestry Area 4 Forestry Area 5
Val taken fi i t sheet
alues taken from input shee | Exp | Min | Max Min  Max | Exp | Min | Max Min  Max | Exp | Min | Max Min
Power Generation Characteristics
No. of turbines 17 17 17
Power rating of turbines (turbine
capacity) (MW) 6 59 6.1
Power of windfarm (MW) 102 100.3 103.7
Estimated downtime for 0 0 0
maintenance etc (%)
Counterfactual emission factors
Coal-fired plant emission factor (t
co MWh‘E) ( 1.046 | 1.046 | 1.046 1.046 1.046 | 1.046 || 1.046 | 1.046 1.046 1046 1.046 | 1.046 1.046 1.046 1.046
2
Grid-mix emission factor (t CO.
MWh'1) ( 2 ({3 IV I 0.20705 0.20705 0.20705 [0.20705|/0.20705[0:20705( 0.20705 0.20705 0.20705 |0.20705 0.20705 0.20705 0.20705 O.
Fossil fuel-mix emission factor (t
co MWh'1) ( 0.437 | 0.437 | 0.437 0.437 0.437 0.437 | 0437 | 0437 | 0.437 | 0.437 0437 0437 | 0437 | 0437 || 0437 0.437 0.437 0.437
2
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) Tntercept (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 Forestry Area 2 Forestry Area 3 Forestry Area 4 Forestry Area 5
ﬁiﬁf:::::;ﬁ::g:;gﬂiﬁmr Exp | Min Exp Min Max | Exp || Min || Max | Exp Min Max | Exp | Min || Max Exp Min  Max
Wind speed ratio calculated in 7d HHHHHHE R HER THEHHH HEHHHN THEHHH SR TN SR TR I TR SR R R
Average site windspeed (m s'1) 0 0 [0] [0] (0] [0] 0 0] 0] [0] (0] [0] 0 [0] (0] (0] (0]
A | th tical tput
frs:muzjrbi::r:vll‘\:; ti'r’;fg_f;rf)u 52560 | 51684 50560 51684 53436 | 52560 || 51684 | 53436 | 52560 51684 53436 | 52560 || 51684 | 53436 52560 51684 53436
Partial Partial Partial Partial Partial Partial Partial Partial Partial Partial Partial Partial
Uz Uz ke power power power power power power power power power power power power
Power curve defined defined defined | CUVes for | 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 different
turhines turbhines turhines turhines turhines turhines turhines turhines turhines turhines turhines turhines
(Power curve code) 0 0 0 0 0 0 0 0 0 0 0 0
Slope (a) Exp Min Max Exp Min Max Exp Min Max Exp Min Max
Intercept (b) Exp Min Max Exp Min Max Exp Min Max Exp Min Max
A | tput fi
Annual power outputiroman - VA S S JHUHAHS SO SR S R S A SHEH SO SRS SR B
individual turbine (MW turbine™ yr™)
Calculated capacity factor (%) HHEHHHEE AR AR TR TR SRR AR THERRRRE AR TR TR TR R R R
Total Forestry Area 1 Forestry Area 2 Forestry Area 3 Forestry Area 4 Forestry Area 5
Calculation of annual energy output from wind farm
Direct input of capacity factor
Capacity factor(%) 0 0
Annual energy output from 3127 3075
windfarm (MW yr™)
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RESULTS Total
Windfarm CO, emission saving
over...

...coal-fired electricity
generation (tCO, yr’)
...grid-mix of electricity
generation (tCO, yr™)

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

3271 (3216.66( 3325.7

648 636.72( 658.303

1367 | 1343.86| 1389.42

Click here to move to Payback Time

Windfarm CO, emission saving

NoOTe: | ne total emission savings are given by esimating the total possibie electrical output of the
windfarm multiplied by the emission factor for the counterfactual case (coal-fire generation and electricity
from arid)




Emissions due to turbine life

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.

Method used to estimate CO, emissions
from turbine life (eg. manufacture,
construction. di issionina)?

Calculate wrt installed
capacity

Exp Min Max
[ [ [

Direct input of emissions due to turbine
life (t CO, windfarm™)
Calculation of emissions due to turbine life from energy output
co. issi due to turbine life (tCO,

, emissions due to turbine life (tCO, 5130 | 5045 | 5232

turbine™)
No. of turbines 17 17 17
Total calculated CO, emission of the wind
2 ’ . | 87355 | 85767 | 88944
farm due to turbine life (t CO, windfarm™)
Total Construction Area 1 Construction Area 2
Exp Min Exp Min Max Exp Min
Calculation of emissions due to cement
used in construction
Volume of cement used (m?) 0 0
—$CO, emission rate (t CO, m™ cement) 0.316 | 0.316
Total CO, emissions due to cement used 0 0
RESULTS

Losses due to turbine life (ea. 87355 85767 88944
Additional CO, payback time of windfarm due to turbine life (eg.
manufacture, contruction, decomissioning)
...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 turbine life

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.

320 320 321

1619 1616 1621

767 766 768

http://www.concretecentre.com/PDF/SCF_Table%207%20Embodied%20C02_April%202013.pdf

(((m pa

The Concrete Centre

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

COse (kgCOseim)’ COse_(kgCOseitonne)’
CONCRETE APPLICATION asonctete CEMI | 30%fly 50% 0% fly | 60%
lesignation | concret ash ggbs | CcEMI ash agbs.
e concrete | concrete | concrete | concrete | concrete
Biinding, mass fil, stip foolings, mass
foundations, trench foundations * SEN1 LGk 128 bl 2l 5= b
Reinforced Foundations * RC25/30™ 316 263 197 133 1 83
Ground floors * Re28s 316 261 186 134 110 79
Structural in siu floors, superstructure, RC32/40
e = 360 313 231 154 131 %
High strength concrete Reaois0 432 351 269 178 146 111
COze (kgCOse/m?) COze (kgCOzeltonne)
Unreinforced Precast flooring® = 165
Reinforced precast flooring* 3 171
Average Generic Concrete Block* - 84
* includes 30kg/m’ steel reinforcement

= includes 100kg/m’ steel reinforcement

OFFICIAL

Construction Area 3

Exp

Min

Max

Construction Area 4

Construction Area 5
Exp Min Max
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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
fuel source. At a high level of wind power ion in the overall 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

Expected Minimum Maximum (White, 2007). The Carbon Trust (Carbon Trust/DTI, 2004) concluded that increasing levels of intermittent
ion do not present major technical issues at the percentages of renewables expected by 2010 and 2020, bu
Reserve capacity required for backup the UK renewables target at the time of that report was only 20%. When national reliance on wind power is low
i (less than ~20%), the i fossil fuel power i can be i to be insignifi and
No. of turt?mes " " . 17 17 17 may be obtained from within the spare generating capacity of L;ther power sectors (Dale et al, 2004). However, as
Power rating of turbines (turbine capacity) (MW) 6 5.9 6.1 the national supply from wind power increases above 20%, without i in grid it i
Power of wind farm (MW h") 102 100.3 103.7 emissions due to backup power generation may become more significant. The extra capacity needed for backup
. 1 power generation is currently estimated to be 5% of the rated capacity of the wind plant if wind power contributes
Rated capacity (MW yr™') 893520 878628 908412 more than 20% to the national grid (Dale et al 2004). Moving towards the SG target of 50% electricity generation
Extra capacity required for backup (%) 5 5 5 from renewable sources, more short-term capacity may be required in terms of pumped-storage hydro-generated
. e . power, or a better mix of offshore and onshore wind ing capacity. Grid techniques are
Additional emlssmn? due to reduced thermal efﬁc'enCy of 10 10 10 anticipated to reduce this extra capacity, with improved demand side management, smart meters, grid
the reserve generation (%) reinforcement and other developments. However, given current grid i itis that
" 1 5% extra capacity should be assumed for backup power generation if wind power contributes more than 20% to the
Reserve capacity (MWh yr ) 4468 4393 4542 national grid. At lower contributions, the extra capacity required for backup should be assumed to be zero. These
should be revisited as technology improves.
Carbon dioxide emissions due to backup power
generation
Coal-fired plant emission factor (t CO, MWh'W) 1.046 1.046 1.046
Grid-mix emission factor (t CO, MWh") 0.20705 0.20705 0.20705
Fossil fuel- mix emission factor (t CO, MWh'W) 0.437 0.437 0.437
Lifetime of windfarm (years) 35 35 35
Annual emissions due to backup from...
...coal-fired electricity generation (tCO, yr") 4673 4595 4751
...grid-mix of electricity generation (tCO, yr'1) 925 910 940
.. fossil fuel - mix of electricity generation (tCO, yr™") 1952 1920 1985
RESULTS
Total emissions due to backup from... = T TR
. P " ssumption: Backup assumed to be
...coal-fired electricity generation (tCO,) 163559 160833 166285 fOSS"_fSe\_mix lor e|epwicity generation.
...grid-mix of electricity generation (tCO,) 32376 31836 32915 Note that hydroelectricity may also be

...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 TimelClick here
Click here to return to Instructions-

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.

used for backup, so this assumption
may make the value for backup
generation too high. These
assumptions should be revisited as
technology develops.




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 TimgClick here

Expected Minimum Maximum

Area where carbon accumulation by bog plants is lost

Total area of land lost due to windfarm construction (mz) 186003 186003 186003
Total area affected by drainage due to windfarm construction (m™) 488134 488134 488134
Total area where fixation by plants is lost (mz) 674137 674137 674137
Total loss of carbon accumulation

Carbon accumulation in undrained peats (tC ha™ yr'") 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) 67 67 67
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

CO, loss from removed peat (t CO, equiv) 32530 -15325 115583
CO, loss from drained peat (t CO, equiv) 2786 0 54967
RESULTS

Total CO, loss from peat (removed + drained) (t CO, equiv) 170549

Additional C_Oz 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).




OFFICIAL

Volume of Peat Removed
Note: % site lost by peat removal is estimated from peat
removed in borrow pits, turbine foundations, hard-

standina 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 3 3 3

Average length of pits (m) 157 157 157

Average width of pits (m) 43 43 43

Average depth of peat removed from pit (m) | 1.14 1.14 1.14

Area of land lost in borrow pits (mz) 20253 | 20253 | 20253

Volume of peat removed from borrow pits

(m® 23088.4| 23088.4 | 23088.4

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 17 17 17 17 17

Diameter at surface (m) 25 25
25 25

Diameter at bottom (m) 25 25
25 25

Depth of foundations (m) 1 1

"Area" of land lost in hard-standing (m?) 10625 10625 10625 10625 10625 10625

Volume of peat removed from foundation

3 121125 | 121125 | 12112.5 |RRPARPIEPIEPX- R PAEPX]
area (m”)

Peat removed from hard-standing

Method used to calculate CO, loss from Rectangular with vertical
foundations walls

Calculation method code 1

No. of turbines 17 17 17

Diameter at surface (m)
Diameter at bottom (m)

Depth of hardstanding (m)

Area of land lost in hard-standing (m?) 56525 | 56525 | 56525 IRV MG HY4s)

Volume of peat removed from 64438.5| 64438.5| 64438.5 [T RL NI VL TNV L
hardstandingarea (m”)

O O Oo0ooooo
O O oO0ooooo
O O o0ooooo
o [=leNeNeNoNoNoe)
o [=leoNeNoNoNoNo)
o [eNeoNeNeNoNoNo)
[=lNelleNeNeNo o)
O O oO0ooooo
O O Oo0ooooo
o [=NeNeNeNoNoNo)
o [eNeoNeNeNoNoNo)
o [eNeoNeNeNoNoNo)

Total

Peat removed from access tracks .
Exp Min Max

Floating roads
Length of access track that is floating road

(m) 1630 | 1630 | 1630




Floating road width (m) 5 5 5
Floating road depth (m) 0 0 0
Area of land lost in floating roads (m?) 8150 8150 8150
Volume of peat removed for floating roads 0 0 0
Excavated roads
Length of access track that is excavated
road (m) 11670 | 11670 | 11670
Excavated road width (m) 5 5 5
Average depth of peat excavated for road
(m) 1.14 1.14 1.14
Area of land lost in excavated roads (mz) 58350 | 58350 | 58350
Volume of peat removed for excavated
roads 66519 | 66519 | 66519
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 (m?) 0 0 0
Volume of peat removed for rock-filled roads 0 0 0
Total area of land lost in access tracks (mz) 66500 [ 66500 | 66500
Total volume of peat removed due to access
tracks (m°) 66519 | 66519 | 66519
Additional peat excavated -
(not already accounted for above)
Volume of additional peat excavated (m3) 22500 0 22500
Area of additional peat excavated (m?) 32100 | 32100 | 32100
[RESULTS Total

Exp Min Max
Total volume of peat removed (mz) due
to windfarm construction 188658 | 166158 | 188658
Total area of land lost due to windfarm
construction (m?) 186003 | 186003 | 186003

Click here to move to 5b. CO2 loss from
removed peat

Click here to move to Payback Time

[Ciick here ]

Volume of Peat Removed
Note: % site lost by peat removal is estimated from peat
removed in borrow pits, turbine foundations, hard-

standina 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 0.01 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 188658 166158 188658
CO, loss from removed peat (t CO,) 48609 859 130296
CO, loss from undrained peat left in situ
Total area of land lost due to windfarm construction (ha) 19 19 19
CO, loss from undrained peat left in situ (t CO,ha™) 864 870 791
CO, loss from undrained peat left in situ (t CO,) 16079 16183 14713
CO, loss attributable to peat removal only
CO, loss from removed peat (t CO,) 48609 859 130296
CO, loss from undrained peat left in situ (t CO,) 16079 16183 14713
[RESULTS
CO, loss attributable to peat removal only (t CO,) 32530 -15325 115583

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

CO, loss from removed peats

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

entered in cell C10




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
of drainage ditch

Exp

Total
Min

Max

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

15

15

15

Peat affected by drainage around
borrow pits

Exp

Total
Min

Max

Number of borrow pits

Average length of pits (m)

Average width of pits (m)

Average depth of peat removed from pit
(m)

Area affected by drainage per borrow pit
(m?)

157
43

1.1

6900

157
43

1.1

6900

157
43

1.1

6900

Total area affected by drainage around
borrowpits (m2)

Total volume affected by drainage
around borrowpits (m3)

20700

11799

20700

11799

20700

11799

Peat affected by drainage around
turbine foundation and hardstanding

Exp

Total
Min

Max

No. of turbines

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)

17

17

17

Total length of foundation and
hardstanding (m)

Total width of foundation and
hardstanding (m)

Area affected by drainage of foundation

and hardstanding area (mz)

6300

6300

6300

Total area affected by drainage of

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

foundation and hardstanding area (m3)

107100

61047

107100

61047

107100

61047

Construction Area 1

Exp
17

23
25
1.1
95
35

1.1
1.1

60

6300

Min
17
25
25
1.1
95
35

1.1
1.1

60

6300

Max
17

25

25

1.1

95

35

1.1
1.1

60

6300

107100 107100 107100

61047

61047

61047
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Construction Area 3

Exp
(0]

0

0

Min
0
0

0

Max
(0]

0

0

Construction Area 5
Exp

Min
0
0

0

Max




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) 5.0 5.0 5.0
Aver_age depth of drains associated with 0.00 0.00 0.00
floating roads (m)
Area affected by drainage of floating 0 0 0
roads (mz)
Volume affected by drainage of floating 0 0 0
roads (ma)
Excavated Road
Length of access track that is excavated 11670 11670 11670
road (m)
Excavated road width (m) 5 5 5
Average depth of peat excavated for
1.1 1.1 1.1

road (m)
A ffected by drai f ted

rea a ezce y drainage of excavate: 350100 | 350100 | 350100
roads (m?)
Vol ffected by drai f

elume atiected by Arainage o 199557 | 199557 | 199557
excavated roads (m”)
Rock-filled roads
Length of rock filled road that is drained
(m)
Rock filled road width (m)
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 ffected by drai f

otal area afiec’sd by drainage o 350100 | 350100 | 350100
access track (m°)
Total vol ffected by drai f

otalvolume aliscted by drainage o 199557 | 199557 | 199557
access track (m”)
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 0 0 0
lined with a permeable medium (eg.
sand) (m)
Average depth of peat cut for cable 12 12 12
trenches (m)
Total area affected by drainage of cable 0 0 0
trenches (mz)
Total volume affected by drainage of 0.00 0.00 0.00

cable trenches (ma)

OFFICIAL
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Assumption: Area excavated is
assumed to be a circle

Drainage around additional peat Total
excavated Exp Min Max
Z:IBL;me of additional peat excavated 225000 00 225000
Area of additional peat excavated (m?) | 32100.0 | 32100.0 | 32100.0
Average depth of excavated peat (m) 1 0 1
Radius of area excavated (m) 101 101 101
z'\:;:\;ilus of excavated and drained area 116 16 116
Total area affected by drainage (m?) 10234 10234 10234
Total volume affected by drainage (m°) | 7173.15 0.00 7173.15
Total
RESULTS Exp Min Max
Tota.l area affeczted by drainage due 488134 | 488134 | 488134
to windfarm (m®)
Total vol-ume affect(:d by drainage 279576 | 272403 | 279576
due to windfarm (m~)

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

al, 2008 - Final report).

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

Click here to move to 5. Loss of soil COQ-
Click here to move to Pavback Time|Click here

E ted Minimum Maximum
Drained Land
Total area affected by drainage due to wind farm construction (ha) 49 49 49
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 (m®) 279576 272403 279576
C Content of dry peat (% by weight) 53 20 64
Dry soil bulk density (g cm™) 0.13 0.01 0.29
Total GHG emissions from Drained Land (t CO, equiv.) 72035 1407 193088 Assumption: Losses of GHG from
S . . drained and undrained land have the
Total GHG Emissions from Undrained Land (t CO, equiv.) 69248 1407 138121 proportion throughout the
emission period.
Calculations of C loss from Drained Land if Site IS Restored after Decommissionin
1. Losses if Land is Drained
- - : The drained soil is not

Flooded period (days year™) 0 0 0 "_|ﬂcoded at any time of the year.
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

ieainn . . X E . . Note:Conversion = (23 x 16/12) =
Rate of methane emission in drained soil ((t CH,-C) ha™ yr™) 0.003 0.020 0.017 3067 CO equiv. (CHL-C)
Conversion factor: CH,-C to CO, equivalents 30.67 30.67 30.67 h
CH, emissions from drained land (t CO, equiv.) -231 -1224 1249
Carbon Dioxide Emissions from Drained Land
Rate of carbon dioxide emission in drained soil (t CO, ha™ yr™) 20.09 22.38 21.60
CO, emissions from drained land (t CO,) 44126 43694 52729
Total GHG emissions from Drained Land (t CO, equiv.) 43895 42470 53978
2. Losses if Land is Undrained
Flooded period (days year™) 178 178 178
Lifetime of windfarm (years) 35 35 35
Time required for regeneration of bog plants after restoration 10 5 15

ears)

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 "—INolerConversif_m =(23x 1?’12) 5
CH, emissions from undrained land (t CO, equiv.) -210 -1224 6547 S06TIC0, quivA(EH::C)
Carbon Dioxide Emissions from Undrained Land
Rate of carbon dioxide emission in undrained soil (t CO, ha™ yr”) 18.48 22.38 4.24
CO, emissions from undrained land (t CO,) 42407 43694 32065
Total GHG Emissions from Undrained Land (t CO, equiv.) 42197 42470 38612
3. CO, Losses due to Drainage
Total GHG emissions from drained land (t CO, equiv.) 72035 1407 193088
Total GHG emissions from undrained land (t CO, equiv.) 69248 1407 138121
RESULTS
Total GHG emissions due to drainage (t CO, equiv.) 2786 0 54967

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

CO; loss due to drainage

al, 2008 - Final report).

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
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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
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 35.2 352

Emission characteristics of fens (IPCC, 1997)

Assumption: The period of flooding is
taken to be 178 days yr for acid bogs

Flooded period (days year™) 169 169 169
Annual rate of methane emission (t CH,-C ha™" yr'") 0.219 0.219 0.219
Annual rate of carbon dioxide emission (t CO, ha™ yr') 35.2 35.2 352

and 169 days yr' based on the
monthly mean temperature and the
lengths of inundation (IPcc, 1997, Revised
1996 IPCC guidelines for national greenhouse gas
inventories, Vol 3, table 5-13)

Selected emission characteristics (IPCC, 1997)

Assumption: The CH, emission rate
provided for acid bogs is 11 (1-38) mg

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

CH,-C m2day' x 365 days; and for
fens is 60 (21-162) mg CH,-C m2 day-

1 x 365 days (Aselmann & Cruizen 1989,
3 Atm Chem. 8, 307-358)

Calculations following ECOSSE based methodolo
Drained Land

ion: CO, emissions on
drainage of organic sails for upland

crops (e.g., grain, vegetables) are
3.667x9.6 (7.9-11.3)t CO, ha' yr' in

Total area affected by drainage due to wind farm construction (ha) 49 49 49 :Z':;‘::'r?:scj":;:ei'(:;:i";‘:;”a"d
Total volume affected by drainage due to wind farm construction (m®) 279576 272403 279576 ’ .
Note, Carbon dioxide emissions from acid bogs. Equation derived by regression analysis against 80 .
. L . . measurements (Mayak etal, 2009). The equation derivedwas ——
Soil Characteristics that Determine Emission Rates {3.667/1000)% ({6700 x exp(-0.26 x exp(-0.0515 = ((w,\mg] S0)))}+((72.54 = T) -800)) ;
Average annual air temperature at the site (°C) 9.3 4.6 15 here Rz is the annual rate of CO. emissions {1 CO (ha)” yr'} —
T= auerageann\.alpeattemperﬁturel-o and
. Wis the water table depth {m)
Average water table depth at site (m) 0.50 1.00 0.10 The equation shows a significant correlationwith measurements (2 =0 53 £=0.05}
f Evaluation against 29independent experiments shows a significant ass odiation (% =0.21; P=0.0
Average water table depth of drained land (m) 057 1.00 057 an average errar 673093 £ G0, ha” yi-t whichis nof-significant (0,05} (Sirith ot al, 1957)
:"_’:::' Ei Rates following site specific L measurements (Hayak et al, 2005). THe equation denved was =
CIC bogs — Rewe= (11000) % (500 % exp(-0.1234 = (Wx100)) + [(2.529% T} - 36.67))
Rate of carbon dioxide emission in drained soil (t CO, ha™ yr') 20.09 22.38 21.60 where Rz is the annual rate of CH, emissions (£ CH,-G (haF" yr)
A P . " R T= salairt h °Gland
Rate of carbon dioxide emission in undrained soil (t CO, ha™ yr'") 18.48 22.38 4.24 Wis Bt table dpth g
Rate of methane emission in drained soil ((t CH,-C) ha™* yr -0. -0. i The equation shows a signficant correfationwith measurements (r#=0.54, £ 0.0
(« 1-C) yw ) 1 0.003 0.020 0.017 §$—— |Evaluation against 7 independent experiments shows a significant association 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 definec due to lack of replicates - Smith et al 3 L
Fens - —
Rate of carbon dioxide emission in drained soil (t CO, ha™ yr) 58.96 61.89 62.16 Mote: Carbon dicxide emissions from fens. Equation derived by regressionanalysis against44
. o . . 14 measurements (Nayak et al, 2008). The equation derived was
Rate of carbon dioxide emission in undrained soil (t CO, ha™ yr'') 55.18 61.89 10.58 (3.567/1000)% (16244 % £xp(-0.175 % =xp(-0.072 % ((14%100}-50)))+(153.23 % 7]
Rate of methane emission in drained soil ((t CH,-C) ha™" yr'! -0.002 -0.007 0.002 s the annual rate of CO: emissions (£ CO: (hal ¥,
y
L. N N N . - = average annual peattempernature(=C) and
Rate of methane emission in undrained soil ((t CH,-C) ha™ yr 1) 0.00 -0.01 0.21 'Msme-.fmemmeﬁemmm?_
The equation shows a significant correlation with measurements (F=0.42, £
aal i . " . . el Evalustionagainst 18 independert experiments shows a significant assocation (1= =0.58; P=0.08) and
emission characteristics following site speCI‘flc L Y an average error of 2108 1 C0; ha” yr (significance not defined due to lack of replicates-Smith et al, 1887
ioxi ission i i i yr 20.09 22.38 21.60
Rate of carbon dioxide emission in drained soil (t CO, ha y: ) " Hote: Methane emissions from fens. Equation denved by regression analysis against experimental data
Rate of carbon dioxide emission in undrained soil (t CO, ha™ yr'') 18.48 22.38 4.24 from 35 measurements (Mayafetal, 2008). The equatian denved was
— " " ER R 11000)x (-10+583.82 x exp(-0.097 x (W x 100))+{0 662 x T))
Rate of methane emission in drained soil ((t CH4-C) ha' yr ') -0.003 -0.020 0.017 i the annualrate of CH, emissions (t GH.-C (hal” yr}
Rate of methane emission in undrained soil ((t CH,-C) ha™ yr'1) 0.00 -0.02 0.16 :,jf‘{;:?;i:ﬂ;‘;fﬁl :';;fmﬁﬁ_“‘”r“cm"d
The equation shows a significant correlation with measurements (= =0.41, F>0.
RESULTS Evaluationagainst7 |ndenendemexpenmem:shoutaalgnlfcam association 0.68; P=0.05) and 5
Selected Emission Rates an average error of 184t CH.-C ha™ yr (significance not defined due to lack of replicate-Smith et al, 199 7 _ -
Rate of carbon dioxide emission in drained soil (t CO, ha™ yr'") 20.09 22.38 21.60
Rate of carbon dioxide emission in undrained soil (t CO, ha™ yr™") 18.48 22.38 4.24
Rate of methane emission in drained soil ((t CH,4-C) ha™' yr'1) -0.003 -0.020 0.017
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 pe_

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

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 a peat-covered catchment. Science of The

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

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 |Click here

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).

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) 29.3 29.3 29.3
Carbon sequestered (tC ha™ yr'") 3.45 35 3.55
Lifetime of windfarm (years) 35 35 35
Carbon sequestered over the lifetime of the windfarm (t C ha'1) 120.75 122.5 124.25

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.




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 =
Type of peatland =

Site speci?lc (required for planning applications
Acid Bog

OFFICIAL

Note: Methane emissions from acid bogs. Equation derived by regression analysis against 57
measurements (Nayak et al, 2009). The equation derived was

Repa = (1/1000) x (500 x exp(-0.1234 x (Wx100)) + ((3.529 x T) - 36.67))

where Rey, is the annual rate of CH, emissions (t CH,-C (ha)! yr'),

The equation shows a significant correlatlon with measurements (12 = 0.54, P > 0.05).
shows a significant association (2= 0.81; P>0.05) and an
not defined due to lack of replicates - Smith et al, 1997).

analysis against data
from 35 measurements (Nayak et al, 2009). The equation derived was

Rone = (1/1000) x (-10+563.62 X exp(-0.097 x (W x 100))+(0.662 x T))

where Re, is the annual rate of CH, emissions (t CH,-C (ha) " yr),

The equation shows a significant correlatlon with measurements (12 = 0.41, P >0.05).
against 7 shows a significant association (2= 0.69; P>0.05) and
an average error of 164 t CH,-C ha-!yr' (significance not defined due to lack of replicate-Smith et al, 1997)

Reos = (3.667/1000) x (6700 x exp(-0.26 x exp(-0.0515 x ((Wx100) 50)))) + ((72.54 x T) - 800))
where R, is the annual rate of CO, emissions (t CO, (ha) yrT),

with measurements (12 =0.53 P > 0.05)
against 29 i riments shows a significant association (2~ 0.21; P>0.05) and
an average error of 3023 t CO, ha™! yr‘ which is non-significant (P<0.05) (Smith et al, 1997).

Note: Carbon dioxide emissions from fens. Equation derived by regression analysis against 44
measurements (Nayak et al, 2009). The equation derived was

Reop = (3.667/1000) x (16244 x exp(-0.175 x exp(-0.073 x ((Wx100)-50)))+(153.23 x T))
where Rcq, is the annual rate of CO, emissions (t CO, (ha)! yr'),

The equation shows a s\gmfcant correlation with measurements (r2 = 0.42, P > 0.05).

riments shows a significant association (2= 0.56; P>0.05) and
an average error of 2108 t CO, ha™! yr‘ (significance not defined due to lack of replicates-Smith et al, 1997)

Click here to move to Payback Tim¢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).

[Reduction in GHG emissions due to improvement of site Expected result Minimum result M result
Improvement of... Degraded Bog | Felled Forestry Borrow Pits F::._';::;:’:;: Degraded Bog | Felled Forestry Borrow Pits F::._';::;:’:;: Degraded Bog | Felled Forestry Borrow Pits F::._';::;:’:;:
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
Average air temperature at site (°C) 9.3 9.3 9.3 9.3 46 46 46 46 15 15 15 15
Depth of peat drained (m) 1.14 1.14 1.14 1.14 1.14 1.14 1.14 1.14 1.14 1.14 1.14 1.14
Depth of peat above water table before 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
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 Wis the water table depth (m).
Flooded period (days year ) 178 178 178 178 178 178 178 178 178 178 178 178
i i i i i i average error of 27 t CH,-C ha' yr'
;I:‘n;r;ersr;equlred for hydrology and habitat to return to its previous state on restoration 0 0 0 15 0 0 0 10 0 0 0 5 Nm.s:we(hane arae feynsv i
Improved period (vears) 25 25 25 20 25 25 25 25 25 25 25 30
Methane emissions from improved land
Site specific methane emission from improved soil on acid bogs (t CHs-C ha™ yr") 0.496 0.496 0.496 0.496 0.480 0.480 0.480 0.480 0.516 0.516 0.516 0.516 ;,‘;;;’*‘ﬂ;;“{;‘;e‘j;mpnf)’a‘“fe (Cyand
Site specific methane emission from improved soil on fens (t CH4-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
IPCC annual rate of methane emission on acid bogs (t CH4-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
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
Selected annual rate of methane emission (t CH,-C ha™" yr'") 0.496 0.496 0.496 0.496 0.480 0.480 0.480 0.480 0.516 0.516 0.516 0.516
CH, emissions from improved land (t CO, equiv.) 0 0 0 0 0 0 0 0 0 0 0 0
Carbon dioxide emissions from improved land ;i:tvheera“?;:rr't";:e‘Z:'t:‘e(':""‘;_emm R
Site specific CO, emission from improved soil on acid bogs (t CO, ha™ yr'") 0.34 0.34 0.34 0.34 -0.91 -0.91 -0.91 -0.91 1.86 1.86 1.86 1.86 The equation shows a significant correlati
Site specific CO, emissions from improved soil on fens (t CO, ha™ yr') 5.28 5.28 5.28 5.28 264 264 264 264 8.49 8.49 8.49 8.49
IPCC annual rate of carbon dioxide emission on acid bogs (t CO, ha 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
IPCC annual rate of carbon dioxide emission on fens (t CO, ha™ 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
Selected annual rate of carbon dioxide emission (t CO, ha™ yr') 0.34 0.34 0.34 0.34 -0.91 -0.91 -0.91 -0.91 1.86 1.86 1.86 1.86 L I
CO, emissions from improved land (t CO,) 0 0 0 0 0 0 0 0 0 0 0 0 w_.:(vr.eera\l,\?;:rn{;\:,{ae‘%Z?,;:,E(T"';eramre( S)end
Total GHG emissions from improved land (t CO, equiv.) 0 0 0 0 0 0 0 0 0 0 0 0
3. Losses without improvement
Flooded period (days year™) 0 0 0 0 0 0 0 0 0 0 0 0
;I:‘n;r;ersr;equired for hydrology and habitat to return to its previous state on restoration 0 0 0 15 0 0 0 10 0 0 0 5
Improved period (vears) 25 25 25 20 25 25 25 25 25 25 25 30
issi from unimpt land
Site specific methane emission from unimproved soil on acid bogs (t CH,-C ha™ yr'") 0.496 0.496 0.496 0.496 0.480 0.480 0.480 0.480 0.516 0.516 0.516 0.516 fe—————{Note: Methane emissions from acid bogs. As above _|
Site specific methane emission from unimproved 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 f—————{Note: Methane emissions from fens. As above J
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'") 0.496 0.496 0.496 0.496 0.480 0.480 0.480 0.480 0.516 0.516 0.516 0.516
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™) 0.34 0.34 0.34 0.34 -0.91 -0.91 -0.91 -0.91 1.86 1.86 1.86 1.86 fe—————{Note: CO, emissions from acid bogs. As above ]
Site specific CO, emissions from unimproved soil on fens (t CO, ha™ yr™) 5.28 5.28 5.28 5.28 264 264 264 264 8.49 8.49 8.49 8.49 fe—————{Note: CO, emissions from fens. As above J
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'") 0.34 0.34 0.34 0.34 -0.91 -0.91 -0.91 -0.91 1.86 1.86 1.86 1.86
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 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 0 0 0 0 0 0 [} [} [} [} [}
...grid-mix of electricity generation (months) (] (] (] (] (] (] (] 0 0 0 0 0
...fossil fuel - mix of electricity generation (months) 0 0 0 0 0 0 0 0 0 0 0 0




TIICARBON TOOL

Ch 15: Material Assets, Table 15-7 Distance TH Embodied Carbon Tool Inputs (1105 web i ie/mdex himl) T Transport Inputs (hitps:/web.tii.ie/index himl)
Assumptions
au . B 2 = Distance Transport
Embodied Traffic Transport Type = TCO2
Carbon ) -
Series 1700 Structural Concrete - Construction - Standard
Concrete Concrete Construction | Mix (Average) HGV - Rigid -
Concrete 963 mixers v v 17.4 General 18,489,600 kg 1911.09 Average 16756.2 20.5118
Delivery of plant 35 Large artic v 96.85 HGV- All - Average 3389.75 3.6762
Fencing & gates 3 Large artic v 17.4 HGV- All - Average 522 0.0566
Compound setup 36 Large artic v 17.4 HGV- All - Average 626.4 0.6793
Other Structural Anchorages and holding
Steel 24 Large artic v v 96.85 Steelwork down bolt assemblies 480 tonnes 860.69 HGV- All - Average 2324.4 2.5208
Series 2400 - Brickwork, Brickwork and | General Stone HGV - Rigid -
Rock and stone 14450 Truck v v 17.4 Blockwork and Stonework | Blockwork 289,000.00 | tonnes 22831 Average 251430 258.3594
Ducting and cabling
(internal) 264 Large artic v 17.4 HGV- All - Average 4593.6 4.9818
Tree felling 17 Large artic v 96.85 HGV- All - Average 1646.45 1.7856
Crane (to lift steel) 1 Large artic v 96.85 HGV- All - Average 96.85 0.105
Substation 100 Large artic v 17.4 HGV- All - Average 1740 1.887
BESS 100 Large artic v v 17.4 HGV- All - Average 1740 1.887
Cranes for turbines 12 Large artic v 17.4 HGV- All - Average 208.8 0.2264
Refuelling for plant 186 Large artic v 17.4 HGV- All - Average 3236.4 3.5099
Site maintenance 135 Large artic v 17.4 HGV- All - Average 2349 2.5475
Miscellaneous 90 Large artic v 17.4 HGV- All - Average 1566 1.6983
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List of Assumptions

Embodied Carbon Assumptions
Item Description Assumption
Volume of Concrete Mixer Calculation completed based on the average concrete mixer holding 8m3 of concrete 8
Volume of Average Artic Truck Calculation completed based on the average artic truck having a carrying capacity of 20 tonnes 20
Ducting and cabling (internal) Embodied carbon of electrical equipment not included as an option in TII Carbon Tool -
Grid connection cable laying Embodied carbon of electrical equipment not included as an option in TII Carbon Tool -
Tree Felling Embodied carbon of tree felling is included in the Macauley Institute Carbon Calculator for Wind Farms on Peatland -
Turbine Lifecycle Embodied carbon of the overall turbine lifecycle is included in the Macauley Institute Carbon Calculator for Wind Farms on Peatland -
Concrete will be required for various elements of the Proposed Project Approximately 7,704m3 of material is assumed to be required based on 963 concrete mixers
being required, assumed 8m3 carrying capacity, and assumed density of 2400kg/m3
Concrete 18,489,600.00
The TII Carbon tools requires units in kg for this material type, therefore the following calculation was completed:
-7,704m3 * 2400kg/m3 = 20,412,000kg
Steel Steel will be required for various elements of the Proposed Project. Approximately 480 tonnes of steel is assumed to be required based on 24 trucks being required and 480.00
an assumed carrying capacity of 20 tonnes )
Rock and Stone Rock and Stone will be required for various elements of the Proposed Project. Approximately 289,000 tonnes of rock/stone is assumed to be required based on 14,450 989,000.00

trucks being required and an assumed carrying capacity of 20 tonnes

Please note that the assumptions for the embodied carbon and traffic assumptions are made based on best estimates of material sources and have considered the removal of the existing 23 no. turbines. In reality the location of material sources will be dependent on what is available at the

time of construction. The implications of distance variations on the estimation for carbon calculations is of a very low magnitude within the context of the overall carbon calculations and considered appropriate for the purposes of assessment in the EIAR.

Traffic Assumptions
Item Description Assumption
Import (P) Distance For modelling purposes, the average distance from Shannon Foynes Port and the Port of Galway for transport of all other materials for the site 96.85
X As outlined in Section 4.5.3 of Chapter 4 of the EIAR 3 no. quarries have been identified within 20km for the purposes of delivering material to the Proposed Project

Quarry (Q) Distance X K . X 17.4
site. An average distance of the construction haul routes has been used for modelling purposes.
Calculated from an HGV - Rigid - Average emission factor as provided in the TII Carbon Tool. Source: 2024 DEZNZ emission factors - 'Delivery vehicles' tab, All

Truck Emissions Factor Rigids HGVs and used Average laden weight. 2024 DEZNZ emission factors - 'WTT - delivery vehicles & freight' tab, all Rigids HGV's and used Average laden 1.02756
weight.

. . Calculated from an HGV - All - Average emission factor as provided in the TII Carbon Tool. Source: 2024 DEZNZ emission factors - 'Delivery vehicles' tab, All
Large Artic Emission Factor 1.0845

HGVs and used Average laden weight. 2024 DEZNZ emission factors - 'WTT - delivery vehicles & freight' tab, all HGVs and used Average laden weight.




Truck Emissions Factor

Calculated from an HGV - Articulated - Average emission factor as provided in the TII Carbon Tool

1.30212

Please note that the assumptions for the embodied carbon and traffic assumptions are made based on best estimates of material sources and have considered the removal of the existing 23 no. turbines. In reality the location of material sources will be dependent on what is available at the
time of construction. The implications of distance variations on the estimation for carbon calculations is of a very low magnitude within the context of the overall carbon calculations and considered appropriate for the purposes of assessment in the EIAR.

Carbon Fixing Vegetation Assumptions

Ttem

Description

Assumption

Calculation of Carbon Storage Potential in
Enhancement Measures

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 and enhancement of wet heath habitat 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 identified under a theoretical precautionary scenario the quantification of these
potential carbon savings (via an increase in carbon storage potential) associated 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.

Not considered in assessment or
quantified

Calculation of Carbon Loss from removal of
carbon fixing vegetation

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
consistent national-level field data and methodologies limits the ability to make accurate projections on carbon sequestration potential for other carbon fixing habitat
types, i.e., hedgerow, grassland, etc., and therefore carbon loss associated with removal. While it can be assumed that loss of carbon fixing vegetation will occur as part
of the Proposed Project due to the removal of these habitat types, the exact carbon loss is not quantifiable.

Not considered in assessment or
quantified




