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CARBON CALCULATIONS




Core inout data

marked with pupl tags onlft hand sido.

Expected values. Possible
Input data
Enter expected value here Enter minimum value here
Dimensions
No. of trbines
Lifetime of windfarm (vears)

Performance
Power ratina of turbines (turbine capacit) (MW)
Capacity factor

Backup

Extra capacity required for backup (%)

| Additional emissions due to reduced thermal efficiency of the
reserve eneration (%)

| Carbon dioxide emissions from turbine life -

(ea. manufacture. construction. decommissionina)

Type of peatland
Averaae anruial sir temoeratire at site (°C)
Average deoth of peat at site (m)

| Content of drv oeat (% by weiahty

 Averaae water table depth at ste (m)
Dry soil bulk density (g cm™)

bog plants
(vears)

Carbon accumulation due to C fixation by bog plants in
\ndrained peats (C ha v\

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-1yr-1
To update counterfactual emission factors from
the web

Coal-fired plant emission factor (1 CO. MWh")
Grid-mix emission factor (t CO, MWh™)
Fossil fuel-mix emission factor (t CO, MWh)

Number of borrow pits.
 Averaae lenath of pits (m)
 Averaae width of oits (m)
| Average depth of peat removed from it (m)

Method used to calculate CO; loss from foundations and hard-
standing

a
Average lenath of turbine foundations (m)
Average width of turbine foundations (m)

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

Total lenath of access track (m)

Existing track lenath (m!

Lenath of access track that is floating road (m)

Floatin road width (m)

Floating road depth (m)

Lenath of floating road that is drained (m)

| Average depth of drains associated with floating roads (m)
Lenath of access track thatis excavated road (m)

‘width (m)

| Average depth of peat excavated for road (m)

Lenath of access track thatis rock filled road (m)

Rock filled road width (m)

Rock filled road depth (m)

Lenath of rock filled road that is drained (m)

| Average deoth 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 deth of peat cut for cable trenches (m)

Voluma of additional beat excavated (m*)
| Area of additional peat excavated (m’)

ink: Peat Landslide Hazard and Risk Assessments: Best
Practice Guide for Proposed Electricity Generation
Developments.

Imorovement of dearaded boa
Area of dearaded boa to be imoroved (ha)

Water table depth in dearaded boa before improvement (m)
Water table depth in dearaded boa after improvement (m)
Time required for hydrology and habitat of bog to return to ts
orevious state on imorovement (vears)

Periodoftme wnen efeciveness of ne mprovement in

Area of felled plantation to be imoroved (ha)

Water table deoth i felled area before imorovement (m)

Water table deoth i felled area after imorovement (m

Time required for hydrology and habitat of felled plantation to

return to ts orevious state on imorovement (vears)

Period of time when effectiveness of the improvementin felled
(vears)

Restoration of peat removed from borrow oits.
| Area of borrow oits to be restored (ha)

ot
to the restored surface (m)

pectto
restored surface (m)

 Time required for hydrology and habitat of borrow pit to return to

its orevious state on restoration (vears)

Pt o tine when affecveness ofheretuatonof et

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

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

backfiling, removal of drains,
and fullrestoration of the hydrology (years)

Will you attempt to block any gullies that have formed due to the
indfarm?
Wil you aterpt o blook all arfiil dtches and faciate

Will you control gre

'g on degraded areas?
[Will you manage areas to favour reintroduction of species

Enter maximum value here

ENTER NeUT OATA v s sveer, AT
[ARE SPEGIFIG 10 YOUR PARTICUAR SITE. Click here to move to Payback TifCick here |
Not: o ot Ciick [Clckhere |
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lanning stage). an should represent the average emission facor expeccd ove theIfetime of

e wictam, accouning o decine i efcencywifag (ghes 2012) The s yooravrage
ind botuoen 2010 and 2014,

Copeming and ooy <opac. was 355 (EUKES. 2010

[Note: Extra capacty required for backup. I 20% o national sactily i generated by vind.
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ta
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The Rtawabe Enaray F oiaton popose he usoof re Scara rot o tnwind capacy (.

low) 36w W

Noto- Emissions i ife. 1 tlal emissions for he windfarm ara unknown, o
i 2 Sacai o s abacy. T ol rangs o Coyemasios 54 o
8147 1 CO, MW (White & Kukinski, 2000; Whits, 2007).

[Note: Type of poatland An ‘acid bog'is rainwater and often nhabied by
et e e e e i Sk o)
o 2011).

oG e et o B Rl ooy o Pt o0 e s e OB
over fetime of windfam only. This tme coud be longer i plants o nt rege

|vegetation,
Mth

rabitat. ifso,
ntor numbor o years estimated or egeneration

Note: Garbon fixaton by bog plants

pparentC ascunaton e et 012 0311y (e, 2001 B0k
ot 3. 1995). The SNH guidance uses a velue of .25

Not: e of fros plariafon o b Tled o ooty vas e o be removd h 1o
e olaons . befr h Wl Gevelpmet, e aea b ek s
entored

Not: Peniaion carhonsequestaon. T s depondrt o 1o yioldGae of e resy The
|SNH technical guidance assumed yield class of 16 m har yr!, compared (o the value of 14 m*
a1 provide by th Foresty Commisin. Carbon sequ o o ol 6 7 1
61Cha yr' (Cannel, 1996]

Note: Coal-Fired Plani and Grid Wi Emission Faclors Coalfred plant emission facor EF) from
slcucty ol i 2014 (083G, Wi G M Er for 204 - 03841 GO,

ol Ecea okl Explson Eacior Tho s ocr o lecicty sppted i 2014 rom
ssiluels = 0,642 GO; M. Source = DUKES, 201
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epin of the peat that s cu..

Gsice Hazard I

Note: Pariod of ime when mprovement can be guaranised. This quarantas should be absolle.
Trrsers fyou rira valuo bayond he felmaof howitam youshukiprvdostong

= 15 years.

Note: Period of ime when improveren! can be guaranieed This gurartee shouid be absolue.
Therefor, ifyou entar a valuo beyond the Ifatme ofthe windfarm you should provide strong
This includes.
e

@5-10)
= 15 vears.

[Note: Period of tme when improverment can be guaranieed This gurariee should be absolute.
Trrsors:fyouolr a vausbayon h Heimaofhewrfam you shulipridostong
s

@5-10)
=15 yoars.

ok oo f meshen morveman o bo quarniess Thsle assumed ot e etocl e
restoraion afte windfar decommissioning s aready accounted for in e
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Core inout data
NTER INPUT DATA| v THIS SHEET. DO NOT THAT
|ARE SPECIFIC TO YOUR PARTICULAR SITE.

Note: The input
merked with purpi tags on et hand side.

2o Therefore, od more st
bas: 4 ECOSSE |

Click here to move to Payback Time
[Cick here ]

Click here to return to Instructions



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

[ Exp. Min. Max.

1. Windfarm CO, emission saving over...

...coal-fired electricity generation (tCO, yr'') 2587 2545 2628
.grid-mix of electricity generation (tCO, yr”) 567 557 576
....fossil fuel - mix of electricity generation (tCO, yr'') 1161 1142 1179

Eneray output from windfarm over lifetime (MWh) 95806 94261 97352

Total CO;, losses due to wind farm (t CO; eq.)
2. Losses due to turbine life (eg. manufacture,

e 74556 73248 75864
construction, decomissionina)

3. Losses due to backup 56419 55509 57329
4. Losses due to reduced carbon fixing potential 2524 1311 4302
5. Losses from soil organic matter -11557  -11801 -6774
6. Losses due to DOC & POC leaching 0 0 0
7. Losses due to felling forestry 23860 23197 24523
Total losses of carbon dioxide 145801 141464 155243

8. Total CO, gains due to improvement of site (t CO; eq.)
8a. Change in emissions due to improvement of

0
degraded bogs ° 0
8b. Change in emissions due to improvement of

0 0 0
felled forestry
8c. Change in emissions due to restoration of peat o o o
from borrow pits
8d. Change in emissions due to removal of drainage o o 0
from foundations & hardstanding

Total change in emissions due to improvements 0 0 0

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

RESULTS

Exp. __ Min.__ Max.

Net emissions of carbon dioxide (t CO; q.)
145801 141464 155243

Carbon Payback Time

...coal-fired electricity generation (years) 56.4 538 61.0
...grid-mix of electricity generation (years) 2573 2457 2785
.fossil fuel - mix of icit ion (years) 125.6 120.0 136.0

Ratio of soil carbon loss to gain by restoration

No gains! No gains! No gains!

(TARGET ratio (Natural Wales ) < 1.0)

Ratio of CO, eq. emissions to power generation (g /
kWh) (TARGET ratio by 2030 (electricity generation) < 50 g 1522 1453 1647
JKWh)

Proportions of greenhouse gas emissions from different sources

OTurbine life

mBackup

@Bog plants.

W Soil organic carbon
TDOC & POC

@ Management of forestry
Oimproved degraded bogs
Timproved felled forestry
ORestored borrow pits

DStop drainage of foundations

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

Greenhouse gas emissions

Exp. Min Max

Turbine life 74556 1308 1308

Backup 56419 910 910

Bog plants 2524 1212 1778

Soil organic carbon 0 244 4783
DOC & POC 0 0 0

Management of forestry 23860 663 663

Improved degraded bogs 0
Improved felled forestry
Restored borrow pits

Stop drainage of foundations

ooo

Greenhouse gas emissions

Greenhouse gas emissions (t CO, o)
N
8
8
8
8

Turbine life
Backup

Bog plants

Soi organic carbon

DOC & POC

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

Stop drainage of foundations.

Carbon payback time (months)

2
@
£

£

2

Carbon payback time using fossil-fuel mix as counterfactual

Backup

Bog plants

Soi organic carbon
DOC & POC

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

Stop drainage of foundations.

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

Greenhouse gas emissions Carbon payback time (months)
Exp. Min. Max. Exp. Min. Max.
Turbine life 74556 1308 1308 771 14 13
Backup 56419 910 910 583 10 9
Bog plants 2524 1212 1778 26 13 18
Soil organic carbon  -11557 244 4783 -119 3 49
DOC & POC 0 0 0 0 0 0
Management of forestry 23860 663 663 247 7 7
Improved degraded bogs 0 0 0 0 0 0
Improved felled forestry 0 0 0 0 0 0
Restored borrow pits 0 0 0 0 0 0
Stop drainage of foundations 0 0 0 0 0 0
145801 1507

Results
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 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 _




Windfarm CO, emission saving

multiplied by the emissi

Note: The total emission savings are given by estimating the total possible electrical output of the windfarm
factor for case (coal i

and electricity from grid)

Forestry Area 1

Click here to move to Payback Time |Click here

Forestry Area 2

Forestry Area 3

CO, MWh™)

Total

Values taken from input sheet | Exp | Min | Max
Power Generation Characteristics
No. of turbines 14 14 14
Power rating of turbines (turbine
capacity) (MW) 62 o1 63
Power of windfarm (MW) 86.8 85.4 88.2
Estimated downtime for 0 0 0
maintenance etc (%)
Counterfactual emission factors
Coal-fired plant emission factor (t
€O, MWhH') 0.945 | 0.945 | 0.945
Grid-mix emission factor (t CO, 0207 | 0.207 | 0.207
MWh') ’ ’ ’
Fossil fuel-mix emission factor (t 0424 | 0424 | 0424

Exp

0

Min

0.945

0.207

0.424

Max

0.945

0.207

0.424

Exp Min Min Max

0 0
6.3
0
0

0.945 | 0.945 | 0.945 @ 0.945 0.945

0.207 || 0.207 || 0.207 | 0.207 0.207

0424 0424 0424 0424 0.424

put of capaci

EN

Click here to move to Payback Time

Windfarm CO, emission saving

multiplied by th factor for

case

Note: The total emission savings are given by estimating the total possible electrical output of the windfarm
issi and electricity from grid)

Min Max
0.36 0.36
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 | 42919 | 42919 | 42919
Total Forestry Area 1 Forestry Area 2 Forestry Area 3
Calculation of capacity factor Exp Min
from forestrv management
Wind speed ratio calculated in 7d HHEHH R
Average site windspeed (m s™) 0 0
Ar I the tical itput
nnue heoretical energy bulpul | 54312 | 53436 54312 55188 [ 54312 || 53436 [ 55188 | 54312 53436
from turbine (MW turbine™ vr™')
Partial || Partial || Partial | Partial  Partial
power | power | power | power  power
Power curve du:er;’ du:er;’ du: " |curves for fcurves for| | curves for curves for curves for curve
SIS SIS eined - different | | different || different | ~different different different
turbines turbines turbines turbines turbines turbines
(Power curve code) o 0 o 0 0 3
Slope (a) Exp Min Max Exp Min Max
Intercept (b) Exp Min Max Exp Min Max
Annual power output from an
individual turbine (MW turbine”’ yr b s s s s
1
)
Calculated capacity factor (%) | S || SRR R
Total Forestry Area 2 Forestry Area 3
Calculation of annual energy output from wind farm
Direct input of capacity factor
Capacity factor(%) 0 0
Afmual energy ot:tpu( from 2737 2693
windfarm (MW vr™)
[RESULTS Total
Windfarm CO, emission saving
over...
...coal-fired elect
2587 2545
generation (tCO, yr™)
...grid-mix of electricity
567 557.49
generation (tCO, yr'")
...TOSSII TUel - Mix or
electricity generation (tCO, 1161 1141.9

Forestry Area 4

Exp Min

0
6.2
0
0

0.945 0.945

0.207 0.207

0.424 0.424

Forestry Area 4

e

54312 53436 55188

Partial Partial
power | power
curves for | curves for
different | different
turbines  turbines

Partial
power
curves for
different
turbines

0 0 0
Exp Min Max
Exp Min Max

R Y R

i i

Forestry Area 4

Forestry Area 5

Min Max

0.945
0.207

0.424

Forestry Area 5

i Hi

54312 53436 55188

Partial
power
curves for
different
turbines

Partial
power
curves for
different
turbines

Partial
power
curves for
different
turbines

0 0 3
Exp Min Max
Exp Min Max

R Y R

i i

Forestry Area 5




Emissions due to turbine life

Note: The carbon payback time of the windfarm due to turbine life (eg. manufacture,

ion, issioning) is calculated by ing 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, Calculate wrt installed
emissions from turbine life (eg. capacity
manufacture. construction.

Exp Min Max
L] [ []

Direct input of emissions due to turbine
life (t CO, windfarm™)

Calculation of emissions due to turbine life from energy output
COZ. en_:issions due to turbine life (tCO, 5325 5032 5419
turbine™)
No. of turbines 14 14 14

Total calculated CO, emission of the wind

74556 | 73248 | 75864
farm due to turbine life (t CO, windfarm™")

Total Construction Area 1 Construction Area 2
Exp Min Exp Min Max

Calculation of emissions due to cement
used in construction

Volume of cement used (m®) 0 0
—3$CO, emission rate (t CO, m™ cement) 0.316 | 0.316

T GU7 STITSSIOTIS Uue TU CoTTeTT uSST

. . 0 0

RESULTS
Losses due to turbine (eg. 74556 = 73248 75864
Additional CO, payback time of windfarm due to turbine life (eg.
manufacture, contruction, decomissioning)
...coal-fired electricity generation
(months) &l & &l
...grid-mix of electricity generation
(months) 1579 1577 1581
...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,

ion, issioning) is calculated by ing the emissions due to turbine life
with carbon-savings achieved by the windfarm while displacing electricity generated from
coal-fired capacity or grid-mix.

771 770 772

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

Construction Area 3
Exp

Min

Max

Construction Area 4

Construction Area 5

Exp

Min

Max




Emissions due to backup power generation Note: Wind generated electricity is inherently variable, providing unique challenges to the electricity generating

. i i i iven ir i industry for provision of a supply to meet consumer demand (Netz, 2004). Backup power is required to accompany
Note: CO;, loss due to back up is calculated from the extra capacity required for backup of the windfarm given in the input data. 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 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 unpredlclab\e output fmm wind Iurblnes (White,|

E d inil i 2007). The Carbon Trust (Carbon Trust/DTI, 2004) that i levels of i do not|
present major technical issues at the percentages of renewables expected by 2010 and 2020, but the UK
Reserve capacity required for backup renewables target at the time of that report was only 20%. When national reliance on wind | power is low (less than
No. of turbines 14 14 14 ~20%), the additional fossil fuel power i can be i to be i i and may be
N N . . 3 obtained from within the spare generating capacity of other power sectors (Dale et al, 2004). However, as the
Power rating of turbines (turbine capacity) (MW) 6.2 6.1 6.3 national supply from wind power increases above 20%, without in grid
Power of wind farm (MW h'W) 86.8 85.4 88.2 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') 760368 748104 772632 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 sourcesf rrf|fore short-term capacity may be required in Ierrgs of pumped-storage hydro-generated
o L - power, or a better mix of offshore and onshore wind ing capacity. Grid are
Additional emlss_'ons due to reduced thermal efficiency of the 10 10 10 anticipated to reduce this extra capacity, with improved demand side management, smart meters, grid
reserve generation (%) and other . However, given current grid it is that
Reserve capacity (MWh yr") 3802 3741 3863 5% extra capacity should be assumed for backup power generation if wind power mnlnbu(es more than 20% to the

national gnd 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") 0.945 0.945 0.945
Grid-mix emission factor (t CO, MWh™) 0.207 0.207 0.207
Fossil fuel- mix emission factor (t CO, MWh’W) 0.424 0.424 0.424
Lifetime of windfarm (years) 35 35 35
Annual emissions due to backup from...
..coal-fired electricity generation (tCO, yr") 3593 3535 3651
..grid-mix of electricity generation (tCO, yr") 787 774 800
fossil fuel - mix of electricity generation (tCO, yr™") 1612 1586 1638
RESULTS
Total emissions due to backup from... I D eI o,
..coal-fired electricity generation (tCO,) 125746 123718 127774 fossil-fuel-mix of electricity generation.

27989 Note that hydroelectricity may also be
used for backup, so this assumption

27100

..grid-mix of electricity generation (tCO,) 27544

.fossil fuel - mix of electricity generation (tCO,) tmay make the value for backup
nal CO, payback time of windfarm due to backup generation too high. These
N o " assumptions should be revisited as
..coal-fired electricity generation (months) technology develops.

..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 _

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.




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

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

2. Bog plants are 100% lost from the.
area where peat is drained.
3. The recovery of carbon

ion by plants on restoration
of land is as given in inputs.

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)

Click here to move to Payback Time

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

Maximum

Area where carbon accumulation by bog plants is lost

Total area of land lost due to windfarm construction (m?) 137911 134940 142530
Total area affected by drainage due to windfarm construction (m®) 473810 312040 639520
Total area where fixation by plants is lost (m?) 611721 446980 782050
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) 61 45 78
Carbon accumulation over lifetime of windfarm (tCO; eq. ha™) 41 29 55

missions due to loss of bog plants

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




Emissions due to loss of soil organic carbon

drained peat (sheet 5d).

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 5¢), and the CO2 loss from

CO, loss due to windfarm construction
CO, loss from removed peat (t CO, equiv)

CO, loss from drained peat (t CO, equiv)
RESULTS

Expected result

Minimum result _Maximum result
-11557

0

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

drained peat (sheet 5d).

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 5¢), and the CO2 loss from




[Volume of Peat Removed

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

1f peatis removed for any other reason, this must be
added in as additonal peat excavated i the core input
sheet.

area (m*)

Total
Peat removed from borrow pits Exo | M | Max
Number of borrow pits 2 2 2
Average lenath of pits (m) 1348 | 120 | 135
 Average width of pits (m) 9203 | 91 109
| Average depth of peat removed from pit (m) | 0 [ [
Area of land lost in borrow pits (m?) 24811 | 21840 | 29430
Volume of peat removed from borrow pits
(m*) 0 0 0
YT — -
oat removed from tarbime foundations Total Construction Area Construction Area 3 Construction Area 4
Exp | Min | Max Exp Min Max
Method used to calculate CO; loss from | Rectangular with vertical
foundations walls
 Caosston method coda '
No. of turbines 14 14 14
Diameter at surface (m)
Diameter at bottom (m)
Deth of foundations (m)
"Area of land lost in hard-standing (m?) as0 | ars0 | erso
Volume of peat removed from foundation
8.75£.05 | 8.75E:06 | 0.000875

Peat removed from hard-standing
Method used to calculate CO, loss from

T
Rectangular with vertical

foundations walls
ot s cote '
No. of turbines 14 14 14
Diameter at surface (m)
Diameter at bottom (m)
Depth of (m)
| Area of land lost in hard-standing (m?) 26950 | 26950 | 26950
Volume of peat removed from
" 0 0 0
(m”)
Total
Peat removed from access tracks. B | el e
Floating roads
Length of access track that is floating road
(m) 0 0 0
Floatina road width (m) 0 0 0
Floating road depth (m) 0 0 0
Area of land lost in floatina roads (m”) 0 0 0
Volume of peat removed for floatin roads 0 0 0
Excavated roads
Length of access track that is excavated
road (m) 12900 | 12900 | 12900
Excavated road width (m) 6 6 6
| Average depth of peat excavated for road
(m) 0 0 o
Area of land lost in excavaled roads (m?) | 77400 | 77400 | 77400
Volume of peat removed for excavated
roads 0 0 [
Rock-filed roads
Length of access track that is rock filed
road (m) 0 0 0
Rock filed 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 [
Total area of land lost in access tracks (m?) | 77400 | 77400 | 77400
Total volume of peat removed due to
access tracks (m*) 0 0 0
| Additional peat excavated -
(not already accounted for above)
Volume of additional peat excavated (m*) 0 0 0
|Area of additional peat excavated (m?) 0 0 0
RESULTS Total
Exw | Min | Max
Total volume of peat removed (m’) due
to windfarm construction 9E-05 | 9E-06 | 0.0009
Total area of land lost due to windfarm
(m?) 137911 134940 142530

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

Click here to move to Pavback Time

[Giick here ]

Volume of Peat Removed

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

1f peat s removed for any other reason, ths must be
added in o the volume of peat remaved, area of land st
and % ste lost at the bottom of this orksheet

Construction Area 5




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

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'3) 0.13 0.07 0.29
% C contained in removed peat that is lost as CO, 100 100 100 <
Total volume of peat removed (m3) due to windfarm construction 0 0 0
CO, 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) 14 13 14
CO, loss from undrained peat left in situ (t CO,ha™) 838 875 475
CO, loss from undrained peat left in situ (t CO,) 11557 11801 6774
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,) 11557 11801 6774
RESULTS
CO, loss attributable to peat removal only (t CO,) -11557 -11801 -6774

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 dr

ont of st affcted by dainage s calcuated assuming

Noe:
an average et of tranage

ch drarage

Construction Area 1

Exo  Min

14 14

71400

44800 100800

[Rssumpton: Area oxcavated s
|assumed o e cr

[Extentof drainage around each metre] Total ‘
of drainage ditch | Exo | Min | max
[fssse sttt aamemons | 55 | 0 | 2 |
tsite (m)
Foat affected by drainage around
borrow pits e Max
Number of borrow oits 2 2
Avaraca lenth of ois (m) 135 135
Averace widih of oits (m % 109
fvrago doptr of pstrmoved om i | 00
Alea ettty asvogovertorow | 1105 | gz | 11300
el area fciod by rinage around o0 | o0 | 22120
borrowoits (m?)
Total volume affected by crainage N N N
around bormownits (m*
by drainage around Total
i ing | Exo | Min | Max
No. of turbines EE I
ofturbine foundations at
base m)
Average widih of turbine foundations at
basa(m
Average depth of peat removed from
{urtine foundations (m)
fverageengh of hrsanding a ase
Auerege Width of hard-standing at base
verage depth o peat removed rom
hard-standin (m1
Maximum deoth of rains (m)
Tota length of foundation and
hardstandina (m)
Total width of foundation and
hardstandina (m)
freaaeted by danane o oundaion | 5100 | 300 | 7200
vt o a
ot aron sfocied oy ranage oF
foundation and hardstandina area (m? | 7107 | #4800 | 100800
Total volume affected by crainage of N N N
foundation and hardstanding area (m*
Ty drainage of Total
lﬂackl Exo | Min | Max
Floating roads
Length offoating road that s drained | o o
m
Fioatina road widih (m) 00 | oo | oo
Averago depth of drains assosiated 000 | o000 | 000
with foating roads (m!
Area affected by drainage of floating " " "
s )
Volume affected by dranage of foating | N N
roads (m’)
Excavated
Lenglh of access rack that is: 12000 | 12000 | 12900
excaated roa (m)
Excavated road width (m) 6 6 6
vrago dopt of pst rcavatod for 00 | 00 | oo
road (m
Aml:::a’ﬂecled by dranage of excavated | oo T oo
Volume affected by drainage of N N N
excavated roads (m)
Rocic-fled roads
Lenaih of ek e ot s danes | o o
otk fled road width o o o
Averago depth of drains assosiated
with rock filed roads (m: L L
Area affected by drainage of ockfied | o o o
m
Volume affected by dranage of rock- | N N
Totalarea affetoa by aranage of 387000 | 258000 | 516000
Total volume affected by crainage of N N N
access track (m)
Foat afected by drainage of cable Total
trenches Exo | Min | Max
Lenglh of any cable rench on peat that
does ot follow access tracks and is o o o
lined with a permeable medium (eg
sand) m)
Average depth of peat ot for cable
renches (m) 00 | o0 | o0
Total arca affected by dramage of e | o " "
ranches (m?)
Total volume afiected by drainage of | oo | o0 | 000
cable trenches (my
Drainage around addifional peat Total
oxcavated Exo | Min | Max
Volume of additonal peatexcaa®d | 00 | 00 | o0
m
Avea of addiional dmh | 00 | 00 | o0
‘Avaraqa deoth of excavatad peat (m) 0 0 0
Radius of area excavated (m) o o o
Radius of excavated and crained area | N N
m)
Total aren afectedt t dinane (1 g g g
Total volume affocted by drainage () | 000 | 000 | 0.00
Total
RESULTS B | Min | Max
Total area affocted by drainage due tof groc:o | o0 | coocon
windtarm ()
Tt voume st by cramase | 0o 228.05| aoosos

Click here to move to 5d. CO2 loss.
from drained oeat

Click here to move to Pavback Time.




CO;, loss due to drainage

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 al,

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

Check

Expected Minimum Maximum
Drained Land
Total area affected by drainage due to wind farm construction (ha) 47 31 64
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°) 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
L. | g drained and undrained land have the
Total GHG Emissions from Undrained Land (t CO, equiv.) 0 0 0 ame proportion throughout the
emission period.
Calculations of C loss from Drained Land if Site IS Restored after Decommissioning
1. Losses if Land is Drained
- = ion: The drained soil is not

Flooded period (days year 1) 0 0 0 flooded at any ti?neri‘fn;e 3Z|a‘r,s "
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

issi i i i - v . . Note:Conversion = (23 x 16/12) =
Rate of methane emission in drained soil ((t CH4-C) ha™ yr) 0.001 0.019 0.165 3067 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.) 45 742 16146
Carbon Dioxide Emissions from Drained Land
Rate of carbon dioxide emission in drained soil (t CO, ha”' yr'1) 18.64 22.46 4.46
CO, emissions from drained land (t CO,) 39751 28031 14249
Total GHG emissions from Drained Land (t CO, equiv.) 39706 27289 30395
2. Losses if Land is Undrained
Flooded period (days year’W) 178 178 178
Lifetime of windfarm (years) 35 35 35
Time required for regeneration of bog plants after restoration 10 5 15
(years)
Mett Ei 1s from Undrained Land
Rate of methane emission in undrained soil ((t CH4-C) ha”' yr'1) 0.00 -0.02 0.16
Conversion factor: CH,-C to CO, equivalents 30.67 30.67 30.67 '—INO(engSVefSi?" =(:(23é1§/12) =
CH, emissions from undrained land (t CO, equiv.) 45 742 16146 3067 CO; equiv. (CH, C)
Carbon Dioxide Emissions from Undrained Land
Rate of carbon dioxide emission in undrained soil (t CO, ha™ yr'") 18.64 22.46 4.46
CO, emissions from undrained land (t CO,) 39751 28031 14249
Total GHG Emissions from Undrained Land (t CO, equiv.) 39706 27289 30395
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

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 al,




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 [Gick here

Selected Methodology = Site specific (required for 1s)
Type of peatland = Acid Bog
Calculations following IPCC default methodology Expected
Emission characteristics of acid bogs (IPCC, 1997)
Flooded period (days year ™) 178 178 178
Annual rate of methane emission (t CH,-C ha' yr'w) 0.04015 0.04015 0.04015
Annual rate of carbon dioxide emission (t CO, ha yr'") 35.2 35.2 35.2
Assumption: The period of flooding is
Emission characteristics of fens (IPCC, 1997) taken to be 178 days yr" for acid bogs
Flooded period (days year”) 169 169 169 B s
Annual rate of methane emission (t CHs-C ha™ yr'") 0.219 0.219 0.219 lengths of inundation (IPcc 1997, Revised
Annual rate of carbon dioxide emission (t CO, ha™ yr") 35.2 352 35.2 I'iii‘mz‘9\;2«‘4:“:;:;3?\)%5:'greenhousegas
Assumption: The CH, emission rate
Selected characteristics (IPCC, 1997) provided for acid bogs is 11 (1-38) mg
Flooded period (days year ') 178 178 178 o ?62(%?'1165)3;?‘3 g:aﬁ’:ca;fzfgray-«
Annual rate of methane emission (t CHs-C ha™ yr'") 0.04015 0.04015 0.04015 X 365 days (Aselmann & Crutzen 1989.
Annual rate of carbon dioxide emission (t CO, ha™ yr'') 35.2 35.2 35.2 (D GEREY
\ Assumption: CO, emissions on
Calculations following ECOSSE based methodology g:s:)r;a(g:gof Zﬁﬁfnrf'ses;éiﬁé:)pﬁgd
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) 47 31 64 | :i;'e“ze:: fl";‘;f;g’_"”’e"’a“" IR
Total volume affected by drainage due to wind farm construction (m°) 0 0 0 -
Soil Characteristics that Determine Emission Rates
Average annual air temperature at the site (°C) 9.9 4.9 15.8
Average water table depth at site (m) 0.50 1.00 0.10
Average water table depth of drained land (m) 0.50 1.00 0.10
Annual Emission Rates following site specific methodology
Acid bogs
Rate of carbon dioxide emission in drained soil (t CO, ha™ yr") 18.64 22.46 4.46
Rate of carbon dioxide emission in undrained soil (t CO, ha™ yr'") 18.64 22.46 4.46
Rate of methane emission in drained soil ((t CH4-C) ha™' yr™") -0.001 -0.019 0.165
Rate of methane emission in undrained soil ((t CH,-C) ha™ yr'") 0.00 -0.02 0.16
Fens
Rate of carbon dioxide emission in drained soil (t CO, ha ' yr™) 55.52 62.05 11.03
P PR . " . -1 -1 —

Rate of carbon dioxide emission in undrained soil (t CO, ha™ yr™') 55.52 62.05 11.03
Rate of methane emission in drained soil ((t CH,-C) ha yr) 0.001 -0.007 0.214
Rate of methane emission in undrained soil ((t CH,-C) ha™ yr™") 0.00 -0.01 0.21
Selected emission characteristics following site specific methodology
Rate of carbon dioxide emission in drained soil (t CO, ha™ yr) 18.64 22.46 4.46
Rate of carbon dioxide emission in undrained soil (t CO, ha™ yr'") 18.64 22.46 4.46
Rate of methane emission in drained soil ((t CH,-C) ha™ yr') -0.001 -0.019 0.165
Rate of methane emission in undrained soil ((t CH,-C) ha™ yr'") 0.00 -0.02 0.16
RESULTS
Selected Emission Rates
Rate of carbon dioxide emission in drained soil (t CO, ha™ yr') 18.64 22.46 4.46
Rate of carbon dioxide emission in undrained soil (t CO, ha™ yr'") 18.64 22.46 4.46
Rate of methane emission in drained soil ((t CH,-C) ha yr'") -0.001 -0.019 0.165
Rate of methane emission in undrained soil ((t CH4-C) ha™ yr') 0.00 -0.02 0.16

Click here to move to 5d. CO2 loss from drained peat _
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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).




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)

E. d Minimum
Total C loss B Note: Only restored drained land included because if land is not
Gross CO; loss from restored drained land (t CO,) 0 0 [ restored, the C lost has already been counted as carbon dioxide
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 Assumption: DOC loss ranges between 7 - 40% of the total gaseous
Gross CH, loss from improved land (t CO, equiv.) loss if calculated from the reported (minimum and maximum) values

in Worrall 2009 and is 26% of the total gaseous loss if calculated from

Degraded Bog 0 0 0 the mean of reported maximum and minimum value in Worrall 2009.

Felled Forestry 0 0 0 These DOC values are flux based on soil water concentration (i.e.

. 12.5 - 85.9 MgC/KM2/yr)

Eg;?:va:gzs & Hardstanding g 8 g and not on flux at catchment outlet (i.e. 10.3 - 21.8 MgC/KM?/yr)
Conversion factor: CH,-C to CO, equivalents 30.6667 30.6667 30.6667 por Fe o e peer? o
% total soil C losses, lost as DOC 26 7 40 Assumption: In the long term, 100% of leached DOC is assumed to be
% DOC loss emitted as CO, over the long term 100 100 100 lostas CO,

% total soil C losses, lost as POC 8 4 10 Assumption: POC loss ranges between 4-10% of the total

% POC loss emitted as CO, over the long term 100 100 100 gaseous loss if calculated from the reported values and is 8%
Total gaseous loss of C (t C) 0 0 0 of the total gaseous loss if calculated from the mean of
Total C loss as DOC (t C) 0 0 0 reported maximum and minimum value in Worrall 2009. POC|
Total C loss as POC (t C) 0 0 0 range is (7 - 22.4 MgC/KM?/yr) (Worrall et al, 2009).
RESULTS

Total CO, loss due to DOC leaching (t CO;) 0 0 0 Assumption: In the long term, 100% of leached POC is assumed to be
Total CO, loss due to POC leaching (t CO,) 0 0 0 lost as CO,

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

(months) 0 0 0

Click here to move to Payback Time

Emissions due to loss of DOC and POC

Note: Note, CO; losses from DOC and POC are calculated using