Scottish Government Windfarm Carbon Assessment Tool - Version 2.14.1 27/01/2023

This spreadsheet calculates payback time for windfarm sited on peatlands using methods given in
Nayak et al, 2008 (  http:/ cotland.goy icati 2008/06/25114657/0 )
and revised equations for GHG emissions (Nayak, D.R., Miller, D., Nolan, A., Smith, P. and Smith, J.U., 2010, Calculating carbon budgets of wind
farms on Scottish peatland. Mires and Peat 4: Art. 9. Online: ( http://www.mires-and-peat.net/map04/map_04_09.htm )
Version 2.0.0 - Adapted to include detail of forestry management, Smith et al., 2011.
http:// cotland.go WindFarms Carbon
Version 2.14.0 - Corrections to calcualtion of peat removed for hardstanding
plus corrections to emission factors and changes as detailed in previous worksheets
Revised by J.U.Smith to correct forestry and restoration sheets
Version 2.14.1 - Equivalent fo version 2.14.0 but with worksheets unprotected for your own use. Do not use this version in planning applications.

INSTRUCTIONS
A There are 6 worksheets giving instructions, data entry and outputs, ....
Instructions
Do I need to use this tool?
Core input data
Forestry input data
Construction input data
Payback time and CO2 emissions
...and 8 numbered worksheets showing calculat
1. Windfarm CO, emission saving
2. CO, loss due to turbine life
3. CO;, loss due to backup
4. Loss of CO, Fixing Pot.
5. Loss of soil CO,
5a. Volume of peat removed
5b. CO; loss from removed peat
5c. Volume of peat drained
5d. CO; loss from drained peat
5e. Emission rates
6. CO; loss by DOC & POC loss
7i. Forestry CO, loss - simple
7ii. Forestry CO, loss - detailed
7a. C sequest. in trees (3PG)
7b. C seq. in soil under trees
7c. Average stand data
7d. Windspeed ratios
8. CO; gain - site improvement
In addition, there are spreadsheets containing references and requesting feedback.

....Click here to find out _
... Data needed in all calculations _

.. Extra details sometimes needed for forestry calculations
Extra details sometimes needed for construction calculations
here

References
Frequently asked questions
Notes on calculations are given in pale green text boxes.... |Click here to see example of Notes Box |
Protocols for measurements are given in pale yellow comment boxes..... [Click here to see example of Protocol Box ]

Assumptions are given in pale blue fext boxes.... |Click here to see example of Assumptions Box |
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Note on official version number

Version X.Y.Z

X refers to the release number

Y refers to released updates on
release X

Z refers to unreleased updates on
release X.Y

Officially released versions will
always have Z=0

If you make changes of your own,
please do not refer to your modified
spreadsheet using the official version
number.

The latest version is published at
www.scotland.gov.uk/WindFarmsAn
dCarbon

Please check you are using the latest
official version with Z=0 before




You should use this tool because the soil is highly organic.
Please move to the Core input data sheet and complete the form to obtain an estimate of C payback time




Core input data

[ENTER INPUT DATA HERE! VALUES SHOULD ONLY BE CHANGED ON THIS SHEET. DO NOT USE EXAMPLE VALUES AS DEFAULTSENTER YOUR OWN VALUES THAT ARE
[SPECIFIC TO YOUR PARTICULAR SITE.

Note: The input. parameters include some variables that can be specified by default values, but others that must be site specifc. Variables that can be taken from defaults are marked with Click here to return to Instructions [Glick here|
purple tags on left hand side.

Click here to move to Payback Time

Expected values Possible range of values

Note: Capacity factor. The capacity factor of any power plant is the proportion of energy produced
during a given period with respect to the energy that would have been produced had the wind
o e o el T s el (i

miref/

Input data

Enter expected value here Enter minimum value here Enter maximum value here

pacity F: s ity gene 5 during the period [KWhJ/ (Installed capacity (kW] x number of
hours in the period [h])

a factor site-should be used (as measured during planning
stage), and should represent the average emission factor expected over the lifetime of the windfarm,
accounting for decline in efficiency with age (Hughes, 2012). The 5 year average capacity factor (or
*load factor’) for UK onshore wind between 2010 and 2014, based on average beginning and end of
year capacity, was 29.2% (DUKES, 2015).

Dimensions

No. of turbines

Lifetime of windfarm (years)
Performance

Power rating of turbines (turbine capacity) (MW)
Capacity factor Note: Extra capacity required for backup. If 20% of national electricity is generated by wind energy,

the extra capacity required for backup is 5% of the rated capacity of the wind plant (Dale et al 2004).

Enter estimated capacity factor (percentage efficiency) [We suggest this shouid be 5% of the actual output. If it is assumed that less than 20% of national
Backuj electricityis generated by wind energy, a lower percentage should be entered (0%). The House of

Extra capacity required for backup (%) Lords Economic Affairs Committee report on The Economics of Renewable Energy (Parliamentary
- o . Business, 2008) notes that to cover peak demand a 20% margin of extra capacity has been sufficient
[Additional emissions due to reduced thermal efficiency of the to keep the risk of a power cut due to insuficient generation at a very low level.’ The estimate

reserve generation (%) provided by BERR was a range of 10% to 20% of installed capacity of wind energy. E.ON is reported
ioxi issi ine i s proposing that the capacity credit of wind power should be 8%, and The Renewable Energy
Carbon dioxide emissions from turbine life- Calculate wrt installed capac ¥ Calculate wrt installed capac ¥ Calculate wit installed capac ¥ Foundation proposed the use of the square root of the wind capasity (in GW) s conventional

(eg. capacity (e.g. 36 GW of wind plant to match 6 GW of conventional plant).

lote: Extra emissions due to reduced thermal efficiency of the reserve power generation = 10%
(Dale et al 2004).

Note: Emissions from turbine life. ff total emissions for the windfarm are unknown, emissions should
be calculated according to turbine capacity. The normal range of CO, emissions is 394 to 8147 t CO,
MW (White & Kulcinski, 2000; White, 2007).

Type of peatland

Average annual air temperature at site °C)

Average depth of peat at site (m) Note: Type of peatland An ‘acid bog' is fed primarily by rainwater and often inhabited by sphagnum
C Content of dry peat (% by weight) moss, thus making it acidic (Stoneman & Brooks,1997).

Average extent of drainage around drainage features at site (m) QEenl=Eeaeivetandiedbyeiiacendofuuncuaiagi Mostdaltal2ol U3

Average water table depth at site (m)
Dry soil bulk density (g cm®

Note: Time required for regeneration of previous habitat. Loss of fixation should be assumed to be

i i i i over lifetime of windfarm only. This time could be longer if plants do not regenerate. The

Time required for regeneration of bog plants after restoration RIS 6 31 R e i 6 S i
(vears) vegetation, the removal of structures, or an assessment of the impact of leaving them in situ.
Carbon aocumulanon due to C fixation by bog plants in undrained Methods used to reinstate the site will affect the likely time for logenerallun of the previous habitat.
This time could also be shorter if plants regenerate during lifetime of windfarm. If so, enter number of
Years estimated for regeneration.

Note: Carbon fixation by bog plants
Enter simple data v | Apparent C accumulation rate in peatiand is 0.12 to 0.31 t C ha! yr' (Turunen et al., 2001; Botch et
al., 1995). The SNH guidance uses a value of 0.25 t C har yr'.

Method used to calculate CO, loss from forest felling

Area of forestry plantation to be felled (ha)

Enter simple data v

further rotations planted, before the windfarm development, the area to be felled should be entered

Note: Area of forestry plantation to be felled. If the forestry was planned to be removed, with no
as zero.

Note: Plantation carbon sequestration. This is dependent on the yield class of the forestry. The SNH
technical guidance assumed yield class of 16 m® ha'! yr!, compared to the value of 14 m* ha'! yr!
provided by the Forestry Commission. Carbon sequestered for yield class 16 m*ha™' y! = 3.6 tC ha'|
yr! (Cannell, 1999).

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

I-Fired Plant and Grid Mix Emission Factors. Coal-fired plant emission factor (EF) from
electricity supplied in 2014 = 0.093 t CO, MWhr™: Grid-Mix EF for 2014 = 0.394 t CO, MWh'- Source
Number of borrow pits = DUKES, 2015b.

[Average length of pits (m) Note: Fossil Fuel-Mix Emission Factor. The emission factor from electricity supplied in 2014 from all
Average width of pits (m) fossil fuels = 0.642 t CO, MWh-. Source = DUKES, 2015b.

Average depth of peat removed from pit (m

Method used to calculate CO; loss from foundations and hard- Rectangular with vertical wal ¥ Rectangular with vertical wal ¥ Rectangular with vertical wal ¥

Average length of turbine foundations (m)

Average width of turbine foundations (m)

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

Average width of hard-standing (m)

Average depth of peat removed from hard-standing (m

o engof access ek () B
Existing track length (m;

Length of access track that is floating road (m)
Floating road width (m) Note: Floating road depth. Accounts for sinking of floating road. Should be entered as the average
Floating road depth (m) depth of the road expected over the lifetime of the windfarm. If no sinking is expected, enter as zero.
Length of floating road that is drained (m)
Average depth of drains associated with floating roads (m; Note: Length of floating road that is drained. Refers to any drains running along the length of the.
Length of access track that is excavated road (m] road.

Excavated road width (m)

Average depth of peat excavated for road (m Note: Rock filled roads. Rock filled roads are assumed to be roads where no peat has been removed
Length of access track that is rock filled road (m) and rock has been placed on the surface and allowed to settle.

Rock filled road width (m)

Rock filled road depth (m)

Length of rock filled road that is drained (m)
Average depth of drains associated with rock filled roads (m

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

Note: Depth of peat cut for cable trenches. In shallow peats, the cable trenches may be cut below the
peat. To avoid overestimating the depth of peat affected by the cable trenches, only enter the depth
| Average depth of peat cut for cable trenches (m] of the peat that is cut.

\VVolume of additional peat excavated (n®)

| Area of additional peat excavated (nf

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

Note: Peat Landslide Hazard. | is assumed that measures have boen taken (o lmit damage (scousn
08 et

o, Earoug i 3059 80 a1 G 106555 ca 10 paat 1andlds can b6 assumed to
be negligible. Link: rtp:/wew scotiand gov.ukiPublcations/2006/12/21162303/1

Improvement of degraded bog

Area of degraded bog to be improved (ha)

Water table depth in degraded bog before improvement (m)
Water table depth in degraded bog after improvement (m)

Note: Period of time when improvement can be quaranteed. This guarantee should be absolute.
Therefore, if you enter a value beyond the lifetime of the windfarm you should provide strong supporting
evidence that this improvement can be guaranteed for the full period given. This includes the time
requirement for the improvement to become effective. For example if time required for hydrology and
habitat to return to its previous state is 10 years and the restoration can be guaranteed over the lifetime
of the windfarm (25 years), the period of time when the improvement can be guaranteed should be
entered as 25 years, and the improvement will be effective for (25 -10) = 15 years.

Time required for hydrology and habitat of bog to return to its
previous state on improvement (years)

Period of time when iy of the imp in
bog can be guaranteed (years)

Improvement of felled plantation land

Area of felled plantation to be improved (ha)
Water table depth in felled area before improvement (m)
Water table depth in felled area after improvement (m)

Time required for hydrology and habitat of felled plantation to retur !r‘:“’;z"i"}; °'ﬁ"':m'm8" il'" f:“‘mzﬂ;mlf_"z "ﬁofm':‘ael:- ;fgis 9"’5"‘8: sr:"'“ ‘?: *“;‘;‘""- -
: : ] erefore, if you enter a value beyond the lfetime of the windfarm you should provide strong supporting
to its previous state on improvement (years) evidence that this improvement can be guaranteed for the full period given. This includes the time

Period of time when effectiveness of the improvement in felled requirement for the improvement to become effective. For example if time required for hydrology and

i habitat to retun to its previous state is 10 years and the restoration can be guaranteed over the lifetime.
plantation can be guaranteed (years) _ of the windfarm (25 years), the period of time when the improvement can be guaranteed should be
Restoration of peat removed from borrow pits entered as 25 years, and the improvement wil be effective for (25 -10) = 15 years.

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

Depth of water table in borrow pit after restoration with respect to

the restored surface (m) Note: Period of fime when improvement can be quaranieed. This gurantee should be absolute.
! ° ] ; ; Therefore, ifyou enter a value beyond the lifetime of the windfarm you should provide strong supporting
Time required for hydrology and habitat of borrow pit to retum to its evidence that this improvement can be guaranteed for the full period given. This includes the time:

previous state on restoration (years) requirement for the improvement to become effective. For example if time required for hydrology and
Period of time when effectiveness of the restoration of peat A D St S ot b e D T S s L e

- of the windfarm (25 years), the period of time when the improvement can be guaranteed should be
removed from borrow pits can be guaranteed (years entered as 25 years, and the improvement will be effective for (25 -10) = 15 years.

Early removal of drainage from foundations and hardstanding

Water table depth around foundations and hardstanding before
restoration (m) Note: Period of time when improvement can be guaranteed. This is assumed to be the lifetime of the
Water table depth around foundations and hardstanding after windfarm as restoration after windfarm decommissioning is already accounted for in restoration of the
restoration (m) dii
Time to completion of backfilling, removal of any surface drains, anq
full restoration of the hydrology (years)

Note: Restoration of site. If the water table at the site is returned to its original level or higher on
decommissioning, and habitat at the site is restored, it is assumed that C losses continue only over the.
lifetime of the windfarm. Otherwise, C losses from drained peat are assumed to be 100%.

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

windfarm?
Will you attempt to block all artificial ditches and facilitate rewetting

Will you control grazing on degraded areas?
Will you manage areas to favour reintroduction of species

Note: Choice of methodology for calculating emission factors. The IPCC default methodology is the

accepted standard (IPCC, 1997). However, itis stated in IPCC (1997) that these are

rough estimates, and "these rates and production periods can be used if countries do not have more

appropriate estimates". Therefore, we have developed more site specific estimates for use here based

on work from the Scottish Government funded ECOSSE project (smit et al, 2007. ECOSSE: Estimatng Carbon n
Emissions. Final Report. 1SBN 978 0 7550 1496 2. 166pp).

Choice of for i ission factors IIPCCdefau\(

Core input data

[ENTER INPUT DATA HERE! VALUES SHOULD ONLY BE CHANGED ON THIS SHEET. DO NOT USE EXAMPLE VALUES AS DEFAULTSENTER YOUR OWN VALUES THAT ARE
SPECIFIC TO YOUR PARTICULAR SITE.

INote: The input parameters include some variables that can be specified by default values, but others that must be site specific. Variables that can be taken from defaults are marked with
purple tags on left hand side.

Click here to move to Payback Time
Click here to return to Instructions [Click here |




[Forestry input data
[ENTER DETAILS OF FORESTRY MANAGEMENT HERE!

Click here to move to Payback Time

[Cick here |

v or in sheet). Click here to return to Instructions
planting http://tinyurl.com/woodlandcarboncode

(2)for UK polcy hitp:/tn url com/FCPolicy

[ Woodland o) m/FCScotlandCompPlant

[No POC losses If extensive areas tion.

— Note: reports on downtime
Expected values Possible range of values ind urines are publcally xaiabl.Howerer,one e by Garrad Huun (2011) suggesﬁs vt
‘the annual
Input data e L
P Enter expected value here Enter minimum value here Enter maximum value here L

Note: Emissions from felling and timber removal.
e ommisios ooy o LKoo i o o 2511 oo semansd o
performed by harvester and timber is

Location

Distance to nearest biofuel plant (km)
Dimer

Total wind farm area (ha)

Performance

Height of turbines (m)

Average site windspeed (m <)

Estimated downtime for maintenance etc (%)

Emissions from felling (g CO, m™®)

Emissions of CO, associated with transportation (g CO, km™ t)

Number of turbines in this area

Power curve - NOT USED!
(In CORE INPUT DATA sheet you have selected
to input capacity factor directly. No need to select!)

Major soil sub-group
Species

Felled Forest Biomass used as biofuel?

Feliing regime
‘Age of forestry when felled for windfarm (yr)
Area felled around each turbine (ha)
Width of forest around felled area (m)
Value of felled forestry as a biomass fuel (MWh ')
(Carbon : Biomass) ratio of felled forestry,

Replanting regime
Years after felling when replanting occurs
Age of seedlings on planting (yr)
Area replanted around each turbine (ha)

Number of turbines in this area
Power curve - NOT USED!
(In CORE INPUT DATA sheet you have selected
to input capacity factor directly. No need to select!)
Major soil sub-group
Species

Felled Forest Biomass used as biofuel?

Feliing regime
‘Age of forestry when felled for windfarm (yr)
Area felled around each turbine (ha)
Width of forest around felled area (m)
Value of felled forestry as a biomass fuel (MWh )
(Carbon : Biomass) ratio of felled forestry.

Replanting regime
Years after felling when replanting occurs
Age of seedlings on planting (yr)
Area replanted around each turbine (ha

Number of turbines in this area

Power curve - NOT USED!
(In CORE INPUT DATA sheet you have selected
to input capacity factor directly. No need to select!)

Major soil sub-group
Species

Felled Forest Biomass used as biofuel?

Felling regime
‘Age of forestry when felled for windfarm (yr)
Area felled around each turbine (ha)
Width of forest around felled area (m)
Value of felled forestry as a biomass fuel (MWh ')
(Carbon : Biomass) ratio of felled forestry,

Replanting regime
Years after felling when replanting occurs
Age of seedlings on planting (yr)
Area replanted around each turbine (ha)

Number of turbines in this area
Power curve - NOT USED!
(In CORE INPUT DATA sheet you have selected
to input capacity factor directly. No need to select!)
Major soil sub-group
Species

Felled Forest Biomass used as biofuel?

Feliing regime
Age of forestry when felled for windfarm (yr)
Area felled around each turbine (ha)
Width of forest around felled area (m)
Value of felled forestry as a biomass fuel (MWh (")
(Carbon : Biomass) ratio of felled forestry.

Replanting regime
Years after felling when replanting occurs
Age of seedlings on planting (yr)
Area replanted around each turbine (ha

Number of turbines in this area

Power curve - NOT USED!
(In CORE INPUT DATA sheet you have selected
to input capacity factor directly. No need to select!)

Major soil sub-group
Species

Felled Forest Biomass used as biofuel?

Feliing regime
‘Age of forestry when felled for windfarm (yr)
Area felled around each turbine (ha)
Width of forest around felled area (m)
Value of felled forestry as a biomass fuel (MWh ')
(Carbon : Biomass) ratio of felled forestry,

Replanting regime
Years after felling when replanting occurs
Age of seedlings on planting (yr)
Area replanted around each turbine (ha)

User-defined v User-defined
Deep Peat - Deep Peat
Scotspine_[+ Scotspine [+

No v No ~

Userdefined v

Deep Peat 3
scots pine [v

No -

[Forestry input data
[ENTER DETAILS OF FORESTRY MANAGEMENT HERE!

Note:
ing on diesel and 20%
emissions hn:mr obained from Modson o -I (2011)15.39.33 g CO, km" t' range 38,5 40.15 g
O, ki =39.33gC0;
LR
Otmwn

i c2,
o man Toaeine e o et e type, piot annual power. ey
(Vi agnet el winpeed, W (m ) and e Ine egoesion s clalssope. 3
intercept, b:

P=aW+b

Note: Soil sub-group
Used in determination of forestry cnnmmnsﬂc

Peaty gley = Peaty Soils (5-50cm) e.g. peaty gley, peaty podsol
Desp peat = Desp Peal (~500m)&.. basin and bankel b0gs

Note: Species
So far only Scots pine and Sitka spruce included.

Note: Value of felled forestry Values available in Mason et al., 2009,

Note: Carbon : Biomass ratio of felled forestry Wood biomass can be converted to dry weight
using wood density based values from Lavers (1983) with a subsequentassumption tha
C:dry matter ratio is 50% (Matthews 1993). For simplicity an integrated factor, the
‘wood density to biomass factor’ taken from Mason et al (2009) can be used.

Value =05

Click here to move to Payback Time Click here

sheet)

Click here (o return to Instructions  [Glickierent]







Const put data
ENTER DETAILS OFCONSTRUCTION HERE!

Note: This data only used in the calculation if the selection "Enter detailed information" is made in cell C50 of the Core input data sheet.

Click here to move to
Payback Time

Click here to return to -

Core input data

Expected values

Input data

Number of turbines in this area
Turbine foundations
Average depth of peat removed when constructing foundations (m)
Approximate geometric shape of whole dug when constructing ﬂ
foundations

Length at surface (m)

Width at surface (m)

Length at bottom (m)

Width at bottom (m)
Hardstanding
Average depth of peat removed when constructing hardstanding (m)
Approximate geometric shape of whole dug when constructing
hardstanding

Length at surface (m)

Width at surface (m)

Length at bottom (m)

Width at bottom (m)

Average depth of peat removed when constructing foundations (m)
Approximate geometric shape of whole dug when constructing
foundations

Length at surface (m)

Width at surface (m)

Length at bottom (m)

Width at bottom (m)
Hardstanding
Average depth of peat removed when constructing hardstanding (m)
Approximate geometric shape of whole dug when constructing
hardstanding

Length at surface (m)

Width at surface (m)

Length at bottom (m)

Width at bottom (m)

Number of turbines in this area
Turbine foundations
Average depth of peat removed when constructing foundations (m)
Approximate geometric shape of whole dug when constructing
foundations

Length at surface (m)

Width at surface (m)

Length at bottom (m)

Width at bottom (m)
Hardstanding
Average depth of peat removed when constructing hardstanding (m)
Approximate geometric shape of whole dug when constructing
hardstanding

Length at surface (m)

Width at surface (m)

Length at bottom (m)

Width at bottom (m)

Number of turbines in this area

Average depth of peat removed when constructing foundations (m)
Approximate geometric shape of whole dug when constructing
foundations

Length at surface (m)

Width at surface (m)

Length at bottom (m)

Width at bottom (m)
Hardstanding
Average depth of peat removed when constructing hardstanding (m)
Approximate geometric shape of whole dug when constructing
hardstanding

Length at surface (m)

Width at surface (m)

Length at bottom (m)

Width at bottom (m)

Number of turbines in this area

Average depth of peat removed when constructing foundations (m)
Approximate geometric shape of whole dug when constructing
foundations

Length at surface (m)

Width at surface (m)

Length at bottom (m)

Width at bottom (m)
Hardstanding
Average depth of peat removed when constructing hardstanding (m)
Approximate geometric shape of whole dug when constructing
hardstanding

Length at surface (m)

Width at surface (m)

Length at bottom (m)

Width at bottom (m)

Enter expected value here

Possible range of values

Enter minimum value here Enter maximum value here

Rectangular [+] Rectangular [+]

Rectangular Rectangular



Results

PAYBACK TIME AND CO, EMISSIONS Click here to return to Input data Click here
Note: The carbon payback time of the windfarm is calculated by comparing the loss of C from the site due to Click here to return to Instructions _

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'1) 139074 125166 152981

...grid-mix of electricity generation (tCO, yr™") 30464 27417 33510

...fossil fuel - mix of electricity generation (tCO, yr'1) 62399 56159 68639
Energy output from windfarm over lifetime (MWh) 5886720 5298048 6475392

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

. e 41108 41108 41108
construction, decomissioning)

3. Losses due to backup 35657 35657 35657
4. Losses due to reduced carbon fixing potential 669 198 1215
5. Losses from soil organic matter 460 -2298 4124
6. Losses due to DOC & POC leaching 2330 326 5861
7. Losses due to felling forestry 0 0 0
Total losses of carbon dioxide 80224 74991 87965

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

0 0 0
bogs
8b. Change in emissions due to improvement of felled o o o
forestry
8c. Change in emissions due to restoration of peat from o o o
borrow pits Data used in barchart of carbon payback time using fossil-fuel mix as counterfactual
8d. Change in emissions due to removal of drainage from o 0 o
foundations & hardstanding Greenhouse gas emissions
Total change in emissions due to improvements 0 0 0 Exp. Min Max
Proportions of greenhouse gas emissions from different sources Turbine life 41108 0 0
RESULTS Backup 35657 0 0
O Turbine life Bog plants 669 471 546
Exp. Min. Max. Soil organic carbon 460 2758 3665
Net emissions of carbon dioxide (t CO; ¢,.) B Backup DOC & POC 2330 2004 3531
80224 74991 87965 @ Bog plants Management of forestry 0 0 0
Carbon Payback Time Improved degraded bogs 0 0 0
...coal-fired electricity generation (years) 0.6 0.5 0.7 W Soil organic carbon Improved felled forestry 0 0 0
...grid-mix of electricity generation (years) 26 22 32 & DOC & POC Restored borrow pits 0 0 0
...fossil fuel - mix of electricity generation (years) 1.3 11 1.6 Stop drainage of foundations 0 0 0
Ratio of soil carbon loss to gain by restoration . . . @ Management of forestry
N I N I N !
(TARGET ratio (Natural Resources Wales ) < 1.0) © galnst Mogains® Wogains
OlImproved degraded bogs
Ratio of CO, eq. emissions to power generation (g / kWh) @ B W
(TARGET ratio by 2030 (electricity generation) < 50 g /kWh) O 1improved felled forestry
ORestored borrow pits
O Stop drainage of foundations
45000 ~ Greenhouse gas emissions . . - Carbon payback time using fossil-fuel mix as counterfactual Data used in barchart of carbon payback time using fossil-fuel mix as counterfactual
£ 40000 i i 2 s | Greenhouse gas emissions Carbon payback time (months)
8 35000 E 7] Exp. Min. Max. Exp. Min. Max.
S 30000 Y 61 Turbine life 41108 0 0 8 0 0
$ ggggg E s | Backup 35657 0 0 7 0 0
£ 15000 § 4 Bog plants 669 471 546 0 0 0
o 10000 g 3 Soil organic carbon 460 2758 3665 0 1 1
:';’ 5000 T I s 2 DOC & POC 2330 2004 3531 0 0 1
a 0 ] T T T + + + + < 1 Management of forestry 0 0 0 0 0 0
£ S0 - ” - ” ” ° I == Improved degraded bogs 0 0 0 0 0 0
3 = 2 5 2 o 3 g 2 B IS 1] E Improved felled forestry 0 0 0 0 0 0
© § ] = 8 3 8 32 8 § E ] g 2 5 g z % 2 2 P Restored borrow pits 0 0 0 0 0 0
E a £ 3 ] K] 3 b 3 e S s % < g 2 ¢ z 2 Stop drainage of foundations 0 0 0 0 0 0
g a E’ .?;"’ g B bs £ aQ 2 o S < g < £ g 80224 15
= g > 3 S o = @ 5 o] 2 I ° 8 3
] <) @ 3 @ ? <) [a] < > ° - =
1] © > o (o} c = 153 (5] bt D o
5 e s o s 2 13 2 3 5 °
= g E S 5 ) 3 g 2 -
E o @ 8 2 S 3 e
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Results
PAYBACK TIME AND CO, EMISSIONS Click here to return to Input data Click here

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 Click here to return to Instructions
the windfarm while displacing electricity generated from coal-fired capacity or grid-mix.




indfarm CO, emission saving

from turbine (MW turbine” yr')

Power curve

(overcuvs coce)
Slope (a)
Intercept (b)

Annual power output from an
individual turbine (MW turbiné' yr'')

Calculated capacity factor (%)

generation (tCO, yr”)

Total
Calculation of annual energy output from wind farm
Direct input of capacity factor
Capacity factor(%) 35 32
[Annual energy output from
wingfarm (MW yr') 147168 | 132451

[REsuLTs Total
Windfarm CO; emission saving
over...

...coal-fired electricity
generation (tCO, yr) 139074 125169
..grid-mix of electricity
generation (tCO, yr”) 30464 | 27417.4)
fossil fuel - mix of electricity
62399 | 56159.3]

Click here to move to Payback Time

ot Tho . o wintar] Click here to move to Payback Time
multiplied by the emission factor for - y from grid)
Total Forestry Area 1 Forestry Area 2
Values taken from input sheet | ¢ | Min | Max
Power Generation Characteristics
No. of turbines 8 8
Power rating of turbines (turbine R s R
capacity) (MW)
Power of windfarm (MW) 48 | 48 | 48
Estimated downtime for o o o
i etc (%)

Counterfactual emission factors
Coal-fired plant emission factor (t

5 5 | 0 X X
Co, MWh) 0945 | 0.945 | 0.045 [NOFERIEFERSVERLRE 0|
Grid-mix emission factor (t C
iy tea [PUARPIANPIE 0207 | 0207 | 0.207 02070 N0:207 F0:207
Fossil fuel-mix emission factor (t

y 2 /
o, Mwh') [XPYR WYPYR RWPYE | 0.424 | 0424 | 0424 NOM24N NOU24 No424
Calculation of capacity factor T Direct input of capacily factor

Exp Min  Max
Entered capacity factor (%) 3 315 385

Parameters Siope (@) 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

Forestry Area 1 Forestry Area 2
Calculation of capacity factor Exp | |
from forestry
Wind speed ratio calculated in 7d R T o TR T
Average site windspeed (m §') 0 0 0 0
Annual theoretical energy output | o ¢q) 52560 52560 | 52560 | 52560 | 52560

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

Partial

Partial
er | power

3 o
Exp | Min
Exp | Min

52560

curves for
different

turbines | turbine

Forestry Area 3

Exp  Min  Max

0945 0945 0.945

0.424

Forestry Area 3

Exp  Min  Max

SRS QBRI SRR S
0 0 0

0
52560 52560

Partial  Partial | Partial

for  curves for.
different
turbines.

turbines  turbin

Min Max
Min Max

Exp
Exp

52560

Forestry Area 4

Exp | Min | Max

0945 0.945

0207  0.207

0424 0424

Forestry Area 4

Exp | Min  Max

0 0
52560

Partial  Partial
power | power

different
turbines

o
Min
Min

R SRR

52560

Partial

curves for curves for
different
turbines.

Forestry Area 5

0945 0945 0.945

7 0.207
0424 0.

24 0.424

Forestry Area 5

Exp  Min  Max

SR BRI SRR
0 0 0

52560 52560

Partial  Partial

Max
Max

Min
Min

Exp
Exp

HHHR I BT SR I TR R S ST BHI IR TR R R TR S

I S B T TR R S I B IR TR I R S

Forestry Area 1

Windfarm CO; el n saving

Note: The

of the windfar]

multplied by the emission factor for

from grid)

Forestry Area 2

Forestry Area 3

Forestry Area 4

Forestry Area 5




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, decommissioning)?

Calculate wrt installed
capacity

Exp Min Max
0 0 0

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

Calculation of emissions due to turbine life from energy output
CO, emissions due to turbine life (tCO,
turbine™)

No. of turbines 8 8 8

5139 5139 5139

Total calculated CO, emission of the wind

41108 | 41108 | 41108
farm due to turbine life (t CO, windfarm")

Construction Area 1
Exp Min Max

Calculation of emissions due to cement
used in construction

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

TOTar GO STTSSTOTTS UUe U CETETT USeT

i L " 0 0
[RESULTS

Losses due to turbine life (eg. 41108 | 41108 41108
PV

Cco, time of due to turbine life (eg.

...coal-fired electricity generation
(months)

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

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

Click here

Click here to move to Payback Time

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.

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

((mpa

The Concrete Centre

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

COgze (kgCOzem™)' COze M
Concrete o

CONCRETE APPLICATION (Conerete  [Tcem1 | so%fy 50% 30%fly | 50%

o concret | ash ggbs | CEMI | as agbs

e concrete | concrete | concrete | concrete | concrete
Biinding, mass i, stip foofings, mass
foundations, irench foundations * GEN1 7 128 1ot ” % “
Reinforced Foundations * RC25/30™ 316 263 197 133 I 3
Ground floors ? Re20138 316 261 186 134 110 7
Siructural n st l00rs, superstructuro, RC32/40 00 e P o P .
walls, basements
High strength concreto * RC40/50 432 351 269 178 146 11
)
Unreinforced Precast flooring” - 165
Reinforced precast flooring” - 71
Average Generic Concrete Block' - 84
. includes 30kg/m’ steel reinforcement

- includes 100kg/m’ steel reinforcement

Construction Area 2 Construction Area 3 Construction Area 4 Construction A
Min Max Exp Min Max Exp Min Max Exp







Core input data

[ENTER INPUT DATA HERE! VALUES SHOULD ONLY BE CHANGED ON THIS SHEET. DO NOT USE EXAMPLE VALUES AS DEFAULTSENTER YOUR OWN VALUES THAT ARE
[SPECIFIC TO YOUR PARTICULAR SITE.

Note: The input. parameters include some variables that can be specified by default values, but others that must be site specifc. Variables that can be taken from defaults are marked with Click here to return to Instructions [Glick here|
purple tags on left hand side.

Click here to move to Payback Time

Expected values Possible range of values

Note: Capacity factor. The capacity factor of any power plant is the proportion of energy produced
during a given period with respect to the energy that would have been produced had the wind
o e o el T s el (i

miref/

Input data

Enter expected value here Enter minimum value here Enter maximum value here

pacity F: s ity gene 5 during the period [KWhJ/ (Installed capacity (kW] x number of
hours in the period [h])

a factor site-should be used (as measured during planning
stage), and should represent the average emission factor expected over the lifetime of the windfarm,
accounting for decline in efficiency with age (Hughes, 2012). The 5 year average capacity factor (or
*load factor’) for UK onshore wind between 2010 and 2014, based on average beginning and end of
year capacity, was 29.2% (DUKES, 2015).

Dimensions

No. of turbines

Lifetime of windfarm (years)
Performance

Power rating of turbines (turbine capacity) (MW)
Capacity factor Note: Extra capacity required for backup. If 20% of national electricity is generated by wind energy,

the extra capacity required for backup is 5% of the rated capacity of the wind plant (Dale et al 2004).

Enter estimated capacity factor (percentage efficiency) [We suggest this shouid be 5% of the actual output. If it is assumed that less than 20% of national
Backuj electricityis generated by wind energy, a lower percentage should be entered (0%). The House of

Extra capacity required for backup (%) Lords Economic Affairs Committee report on The Economics of Renewable Energy (Parliamentary
- o . Business, 2008) notes that to cover peak demand a 20% margin of extra capacity has been sufficient
[Additional emissions due to reduced thermal efficiency of the to keep the risk of a power cut due to insuficient generation at a very low level.’ The estimate

reserve generation (%) provided by BERR was a range of 10% to 20% of installed capacity of wind energy. E.ON is reported
ioxi issi ine i s proposing that the capacity credit of wind power should be 8%, and The Renewable Energy
Carbon dioxide emissions from turbine life- Calculate wrt installed capac ¥ Calculate wrt installed capac ¥ Calculate wit installed capac ¥ Foundation proposed the use of the square root of the wind capasity (in GW) s conventional

(eg. capacity (e.g. 36 GW of wind plant to match 6 GW of conventional plant).

lote: Extra emissions due to reduced thermal efficiency of the reserve power generation = 10%
(Dale et al 2004).

Note: Emissions from turbine life. ff total emissions for the windfarm are unknown, emissions should
be calculated according to turbine capacity. The normal range of CO, emissions is 394 to 8147 t CO,
MW (White & Kulcinski, 2000; White, 2007).

Type of peatland

Average annual air temperature at site °C)

Average depth of peat at site (m) Note: Type of peatland An ‘acid bog' is fed primarily by rainwater and often inhabited by sphagnum
C Content of dry peat (% by weight) moss, thus making it acidic (Stoneman & Brooks,1997).

Average extent of drainage around drainage features at site (m) QEenl=Eeaeivetandiedbyeiiacendofuuncuaiagi Mostdaltal2ol U3

Average water table depth at site (m)
Dry soil bulk density (g cm®

Note: Time required for regeneration of previous habitat. Loss of fixation should be assumed to be

i i i i over lifetime of windfarm only. This time could be longer if plants do not regenerate. The

Time required for regeneration of bog plants after restoration RIS 6 31 R e i 6 S i
(vears) vegetation, the removal of structures, or an assessment of the impact of leaving them in situ.
Carbon aocumulanon due to C fixation by bog plants in undrained Methods used to reinstate the site will affect the likely time for logenerallun of the previous habitat.
This time could also be shorter if plants regenerate during lifetime of windfarm. If so, enter number of
Years estimated for regeneration.

Note: Carbon fixation by bog plants
Enter simple data v | Apparent C accumulation rate in peatiand is 0.12 to 0.31 t C ha! yr' (Turunen et al., 2001; Botch et
al., 1995). The SNH guidance uses a value of 0.25 t C har yr'.

Method used to calculate CO, loss from forest felling

Area of forestry plantation to be felled (ha)

Enter simple data v

further rotations planted, before the windfarm development, the area to be felled should be entered

Note: Area of forestry plantation to be felled. If the forestry was planned to be removed, with no
as zero.

Note: Plantation carbon sequestration. This is dependent on the yield class of the forestry. The SNH
technical guidance assumed yield class of 16 m® ha'! yr!, compared to the value of 14 m* ha'! yr!
provided by the Forestry Commission. Carbon sequestered for yield class 16 m*ha™' y! = 3.6 tC ha'|
yr! (Cannell, 1999).

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

I-Fired Plant and Grid Mix Emission Factors. Coal-fired plant emission factor (EF) from
electricity supplied in 2014 = 0.093 t CO, MWhr™: Grid-Mix EF for 2014 = 0.394 t CO, MWh'- Source
Number of borrow pits = DUKES, 2015b.

[Average length of pits (m) Note: Fossil Fuel-Mix Emission Factor. The emission factor from electricity supplied in 2014 from all
Average width of pits (m) fossil fuels = 0.642 t CO, MWh-. Source = DUKES, 2015b.

Average depth of peat removed from pit (m

Method used to calculate CO; loss from foundations and hard- Rectangular with vertical wal ¥ Rectangular with vertical wal ¥ Rectangular with vertical wal ¥

Average length of turbine foundations (m)

Average width of turbine foundations (m)

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

Average width of hard-standing (m)

Average depth of peat removed from hard-standing (m

o engof access ek () B
Existing track length (m;

Length of access track that is floating road (m)
Floating road width (m) Note: Floating road depth. Accounts for sinking of floating road. Should be entered as the average
Floating road depth (m) depth of the road expected over the lifetime of the windfarm. If no sinking is expected, enter as zero.
Length of floating road that is drained (m)
Average depth of drains associated with floating roads (m; Note: Length of floating road that is drained. Refers to any drains running along the length of the.
Length of access track that is excavated road (m] road.

Excavated road width (m)

Average depth of peat excavated for road (m Note: Rock filled roads. Rock filled roads are assumed to be roads where no peat has been removed
Length of access track that is rock filled road (m) and rock has been placed on the surface and allowed to settle.

Rock filled road width (m)

Rock filled road depth (m)

Length of rock filled road that is drained (m)
Average depth of drains associated with rock filled roads (m

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

Note: Depth of peat cut for cable trenches. In shallow peats, the cable trenches may be cut below the
peat. To avoid overestimating the depth of peat affected by the cable trenches, only enter the depth
| Average depth of peat cut for cable trenches (m] of the peat that is cut.

\VVolume of additional peat excavated (n®)

| Area of additional peat excavated (nf

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

Note: Peat Landslide Hazard. | is assumed that measures have boen taken (o lmit damage (scousn
08 et

o, Earoug i 3059 80 a1 G 106555 ca 10 paat 1andlds can b6 assumed to
be negligible. Link: rtp:/wew scotiand gov.ukiPublcations/2006/12/21162303/1

Improvement of degraded bog

Area of degraded bog to be improved (ha)

Water table depth in degraded bog before improvement (m)
Water table depth in degraded bog after improvement (m)

Note: Period of time when improvement can be quaranteed. This guarantee should be absolute.
Therefore, if you enter a value beyond the lifetime of the windfarm you should provide strong supporting
evidence that this improvement can be guaranteed for the full period given. This includes the time
requirement for the improvement to become effective. For example if time required for hydrology and
habitat to return to its previous state is 10 years and the restoration can be guaranteed over the lifetime
of the windfarm (25 years), the period of time when the improvement can be guaranteed should be
entered as 25 years, and the improvement will be effective for (25 -10) = 15 years.

Time required for hydrology and habitat of bog to return to its
previous state on improvement (years)

Period of time when iy of the imp in
bog can be guaranteed (years)

Improvement of felled plantation land

Area of felled plantation to be improved (ha)
Water table depth in felled area before improvement (m)
Water table depth in felled area after improvement (m)

Time required for hydrology and habitat of felled plantation to retur !r‘:“’;z"i"}; °'ﬁ"':m'm8" il'" f:“‘mzﬂ;mlf_"z "ﬁofm':‘ael:- ;fgis 9"’5"‘8: sr:"'“ ‘?: *“;‘;‘""- -
: : ] erefore, if you enter a value beyond the lfetime of the windfarm you should provide strong supporting
to its previous state on improvement (years) evidence that this improvement can be guaranteed for the full period given. This includes the time

Period of time when effectiveness of the improvement in felled requirement for the improvement to become effective. For example if time required for hydrology and

i habitat to retun to its previous state is 10 years and the restoration can be guaranteed over the lifetime.
plantation can be guaranteed (years) _ of the windfarm (25 years), the period of time when the improvement can be guaranteed should be
Restoration of peat removed from borrow pits entered as 25 years, and the improvement wil be effective for (25 -10) = 15 years.

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

Depth of water table in borrow pit after restoration with respect to

the restored surface (m) Note: Period of fime when improvement can be quaranieed. This gurantee should be absolute.
! ° ] ; ; Therefore, ifyou enter a value beyond the lifetime of the windfarm you should provide strong supporting
Time required for hydrology and habitat of borrow pit to retum to its evidence that this improvement can be guaranteed for the full period given. This includes the time:

previous state on restoration (years) requirement for the improvement to become effective. For example if time required for hydrology and
Period of time when effectiveness of the restoration of peat A D St S ot b e D T S s L e

- of the windfarm (25 years), the period of time when the improvement can be guaranteed should be
removed from borrow pits can be guaranteed (years entered as 25 years, and the improvement will be effective for (25 -10) = 15 years.

Early removal of drainage from foundations and hardstanding

Water table depth around foundations and hardstanding before
restoration (m) Note: Period of time when improvement can be guaranteed. This is assumed to be the lifetime of the
Water table depth around foundations and hardstanding after windfarm as restoration after windfarm decommissioning is already accounted for in restoration of the
restoration (m) dii
Time to completion of backfilling, removal of any surface drains, anq
full restoration of the hydrology (years)

Note: Restoration of site. If the water table at the site is returned to its original level or higher on
decommissioning, and habitat at the site is restored, it is assumed that C losses continue only over the.
lifetime of the windfarm. Otherwise, C losses from drained peat are assumed to be 100%.

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

windfarm?
Will you attempt to block all artificial ditches and facilitate rewetting

Will you control grazing on degraded areas?
Will you manage areas to favour reintroduction of species

Note: Choice of methodology for calculating emission factors. The IPCC default methodology is the

accepted standard (IPCC, 1997). However, itis stated in IPCC (1997) that these are

rough estimates, and "these rates and production periods can be used if countries do not have more

appropriate estimates". Therefore, we have developed more site specific estimates for use here based

on work from the Scottish Government funded ECOSSE project (smit et al, 2007. ECOSSE: Estimatng Carbon n
Emissions. Final Report. 1SBN 978 0 7550 1496 2. 166pp).

Choice of for i ission factors IIPCCdefau\(

Core input data

[ENTER INPUT DATA HERE! VALUES SHOULD ONLY BE CHANGED ON THIS SHEET. DO NOT USE EXAMPLE VALUES AS DEFAULTSENTER YOUR OWN VALUES THAT ARE
SPECIFIC TO YOUR PARTICULAR SITE.

INote: The input parameters include some variables that can be specified by default values, but others that must be site specific. Variables that can be taken from defaults are marked with
purple tags on left hand side.

Click here to move to Payback Time
Click here to return to Instructions [Click here |




[Forestry input data
[ENTER DETAILS OF FORESTRY MANAGEMENT HERE!

Click here to move to Payback Time

[Cick here |

v or in sheet). Click here to return to Instructions
planting http://tinyurl.com/woodlandcarboncode

(2)for UK polcy hitp:/tn url com/FCPolicy

[ Woodland o) m/FCScotlandCompPlant

[No POC losses If extensive areas tion.

— Note: reports on downtime
Expected values Possible range of values ind urines are publcally xaiabl.Howerer,one e by Garrad Huun (2011) suggesﬁs vt
‘the annual
Input data e L
P Enter expected value here Enter minimum value here Enter maximum value here L

Note: Emissions from felling and timber removal.
e ommisios ooy o LKoo i o o 2511 oo semansd o
performed by harvester and timber is

Location

Distance to nearest biofuel plant (km)
Dimer

Total wind farm area (ha)

Performance

Height of turbines (m)

Average site windspeed (m <)

Estimated downtime for maintenance etc (%)

Emissions from felling (g CO, m™®)

Emissions of CO, associated with transportation (g CO, km™ t)

Number of turbines in this area

Power curve - NOT USED!
(In CORE INPUT DATA sheet you have selected
to input capacity factor directly. No need to select!)

Major soil sub-group
Species

Felled Forest Biomass used as biofuel?

Feliing regime
‘Age of forestry when felled for windfarm (yr)
Area felled around each turbine (ha)
Width of forest around felled area (m)
Value of felled forestry as a biomass fuel (MWh ')
(Carbon : Biomass) ratio of felled forestry,

Replanting regime
Years after felling when replanting occurs
Age of seedlings on planting (yr)
Area replanted around each turbine (ha)

Number of turbines in this area
Power curve - NOT USED!
(In CORE INPUT DATA sheet you have selected
to input capacity factor directly. No need to select!)
Major soil sub-group
Species

Felled Forest Biomass used as biofuel?

Feliing regime
‘Age of forestry when felled for windfarm (yr)
Area felled around each turbine (ha)
Width of forest around felled area (m)
Value of felled forestry as a biomass fuel (MWh )
(Carbon : Biomass) ratio of felled forestry.

Replanting regime
Years after felling when replanting occurs
Age of seedlings on planting (yr)
Area replanted around each turbine (ha

Number of turbines in this area

Power curve - NOT USED!
(In CORE INPUT DATA sheet you have selected
to input capacity factor directly. No need to select!)

Major soil sub-group
Species

Felled Forest Biomass used as biofuel?

Felling regime
‘Age of forestry when felled for windfarm (yr)
Area felled around each turbine (ha)
Width of forest around felled area (m)
Value of felled forestry as a biomass fuel (MWh ')
(Carbon : Biomass) ratio of felled forestry,

Replanting regime
Years after felling when replanting occurs
Age of seedlings on planting (yr)
Area replanted around each turbine (ha)

Number of turbines in this area
Power curve - NOT USED!
(In CORE INPUT DATA sheet you have selected
to input capacity factor directly. No need to select!)
Major soil sub-group
Species

Felled Forest Biomass used as biofuel?

Feliing regime
Age of forestry when felled for windfarm (yr)
Area felled around each turbine (ha)
Width of forest around felled area (m)
Value of felled forestry as a biomass fuel (MWh (")
(Carbon : Biomass) ratio of felled forestry.

Replanting regime
Years after felling when replanting occurs
Age of seedlings on planting (yr)
Area replanted around each turbine (ha

Number of turbines in this area

Power curve - NOT USED!
(In CORE INPUT DATA sheet you have selected
to input capacity factor directly. No need to select!)

Major soil sub-group
Species

Felled Forest Biomass used as biofuel?

Feliing regime
‘Age of forestry when felled for windfarm (yr)
Area felled around each turbine (ha)
Width of forest around felled area (m)
Value of felled forestry as a biomass fuel (MWh ')
(Carbon : Biomass) ratio of felled forestry,

Replanting regime
Years after felling when replanting occurs
Age of seedlings on planting (yr)
Area replanted around each turbine (ha)

Userdefined v Userdefined

Deep Peat v Deep Peat
Scots pine_[ v

Scots pine [v

No v No ~

Userdefined v

Deep Peat 3
Scots pine [v

No -

[Forestry input data
[ENTER DETAILS OF FORESTRY MANAGEMENT HERE!

Note:
ing on diesel and 20%
emissions hn:mr obained from Modson o -I (2011)15.39.33 g CO, km" t' range 38,5 40.15 g
O, ki =39.33gC0;
LR
Otmwn

i c2,
o man Toaeine e o et e type, piot annual power. ey
(Vi agnet el winpeed, W (m ) and e Ine egoesion s clalssope. 3
intercept, b:

P=aW+b

Note: Soil sub-group
Used in determination of forestry cnnmmnsﬂc

Peaty gley = Peaty Soils (5-50cm) e.g. peaty podsol
Doch et = Doy Peat (500 4. bban il bogs.

Note: Species
So far only Scots pine and Sitka spruce included.

Note: Value of felled forestry Values available in Mason et al., 2009,

Note: Carbon : Biomass ratio of felled forestry Wood biomass can be converted to dry weight
using wood density based values from Lavers (1983) with a subsequentassumption that
C:dry matter ratio is 50% (Matthews 1993). For simplicity an integrated factor, the
‘wood density to biomass factor’ taken from Mason et al (2009) can be used.

Value =05

sheet)

Click here to move to Payback Time  [Click here
Click here (o return to Instructions  [Glickierent]



Const put data
ENTER DETAILS OFCONSTRUCTION HERE!

Note: This data only used in the calculation if the selection "Enter detailed information" is made in cell C50 of the Core input data sheet.

Click here to move to
Payback Time

Click here to return to -

Core input data

Expected values

Input data

Number of turbines in this area
Turbine foundations
Average depth of peat removed when constructing foundations (m)
Approximate geometric shape of whole dug when constructing ﬂ
foundations

Length at surface (m)

Width at surface (m)

Length at bottom (m)

Width at bottom (m)
Hardstanding
Average depth of peat removed when constructing hardstanding (m)
Approximate geometric shape of whole dug when constructing
hardstanding

Length at surface (m)

Width at surface (m)

Length at bottom (m)

Width at bottom (m)

Average depth of peat removed when constructing foundations (m)
Approximate geometric shape of whole dug when constructing
foundations

Length at surface (m)

Width at surface (m)

Length at bottom (m)

Width at bottom (m)
Hardstanding
Average depth of peat removed when constructing hardstanding (m)
Approximate geometric shape of whole dug when constructing
hardstanding

Length at surface (m)

Width at surface (m)

Length at bottom (m)

Width at bottom (m)

Number of turbines in this area
Turbine foundations
Average depth of peat removed when constructing foundations (m)
Approximate geometric shape of whole dug when constructing
foundations

Length at surface (m)

Width at surface (m)

Length at bottom (m)

Width at bottom (m)
Hardstanding
Average depth of peat removed when constructing hardstanding (m)
Approximate geometric shape of whole dug when constructing
hardstanding

Length at surface (m)

Width at surface (m)

Length at bottom (m)

Width at bottom (m)

Number of turbines in this area

Average depth of peat removed when constructing foundations (m)
Approximate geometric shape of whole dug when constructing
foundations

Length at surface (m)

Width at surface (m)

Length at bottom (m)

Width at bottom (m)
Hardstanding
Average depth of peat removed when constructing hardstanding (m)
Approximate geometric shape of whole dug when constructing
hardstanding

Length at surface (m)

Width at surface (m)

Length at bottom (m)

Width at bottom (m)

Number of turbines in this area

Average depth of peat removed when constructing foundations (m)
Approximate geometric shape of whole dug when constructing
foundations

Length at surface (m)

Width at surface (m)

Length at bottom (m)

Width at bottom (m)
Hardstanding
Average depth of peat removed when constructing hardstanding (m)
Approximate geometric shape of whole dug when constructing
hardstanding

Length at surface (m)

Width at surface (m)

Length at bottom (m)

Width at bottom (m)

Enter expected value here

Possible range of values

Enter minimum value here Enter maximum value here

Rectangular [+] Rectangular [+]

Rectangular Rectangular



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.

[ Exp. Min. Max.
1. Windfarm CO, emission saving over...
...coal-fired electricity generation (tCO, yr’1) 139074 125166 152981
..grid-mix of electricity generation (tCO, yr'") 30464 27417 33510
...fossil fuel - mix of electricity generation (tCO, yr’1) 62399 56159 68639
Energy output from windfarm over lifetime (MWh) 5886720 5298048 6475392
Total CO; losses due to wind farm (t CO, eq.)
2. Losses_ due to turl_)ing Iife (eg. manufacture, 41108 41108 41108
construction, decomissioning)
3. Losses due to backup 35657 35657 35657
4. Losses due to reduced carbon fixing potential 669 198 1215
5. Losses from soil organic matter 460 -2298 4124
6. Losses due to DOC & POC leaching 2330 326 5861
7. Losses due to felling forestry 0 0 0
Total losses of carbon dioxide 80224 74991 87965
8. Total CO, gains due to improvement of site (t CO, eq.)
8a. Change in emissions due to improvement of degraded 0 o 0
bogs
8b. Change in emissions due to improvement of felled 0 o 0
forestry
8c. Change in emissions due to restoration of peat from 0 o 0
borrow pits
8d. Change in emissions due to removal of drainage from 0 o 0
foundations & hardstanding
Total change in emissions due to improvements 0 0 0
RESULTS
Exp. Min. Max.
Net emissions of carbon dioxide (t CO; q.)
80224 74991 87965
Carbon Payback Time
...coal-fired electricity generation (years) 0.6 0.5 0.7
...grid-mix of electricity generation (years) 2.6 22 32
...fossil fuel - mix of electricity generation (years) 1.3 1.1 1.6
Ratio of soil'carbon loss to gain by restoration Moeeid (ogehe Mgz
(TARGET ratio (Natural Resources Wales ) < 1.0)
Ratio of CO, eq. emissions to power generation (g / kWh) n @ W
(TARGET ratio by 2030 (electricity generation) < 50 g /kWh)

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

[Clickhere ]

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

Greenhouse gas emissions

Proportions of greenhouse gas emissions from different sources

O Turbine life
W Backup

@ Bog plants

M Soil organic carbon

@DOC & POC

@ Management of forestry

OImproved degraded bogs

@ Improved felled forestry

O Restored borrow pits

O Stop drainage of foundations

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. Min
41108 0
35657 0

669 471

460 2758

2330 2004

0 0
0 0
0 0
0 0
0 0

3665
3531

o O o o

Greenhouse gas emissions

Carbon payback time usin

g fossil-fuel mix as counterfactual

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 41108 0 0 8 0 0
Backup 35657 0 0 7 0 0
Bog plants 669 471 546 0 0 0
Soil organic carbon 460 2758 3665 0 1 1
DOC & POC 2330 2004 3531 0 0 1
Management of forestry 0 0 0 0 0 0
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
80224 15
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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

[Clickhere ]




indfarm CO, emission saving

from turbine (MW turbine” yr')

Power curve

(overcuvs coce)
Slope (a)
Intercept (b)

Annual power output from an
individual turbine (MW turbiné' yr'')

Calculated capacity factor (%)

generation (tCO, yr”)

Total
Calculation of annual energy output from wind farm
Direct input of capacity factor
Capacity factor(%) 35 32
[Annual energy output from
wingfarm (MW yr') 147168 | 132451

[REsuLTs Total
Windfarm CO; emission saving
over...

...coal-fired electricity
generation (tCO, yr) 139074 125169
..grid-mix of electricity
generation (tCO, yr”) 30464 | 27417.4)
fossil fuel - mix of electricity
62399 | 56159.3]

Click here to move to Payback Time

ot Tho . o wintar] Click here to move to Payback Time
multiplied by the emission factor for - y from grid)
Total Forestry Area 1 Forestry Area 2
Values taken from input sheet | ¢ | Min | Max
Power Generation Characteristics
No. of turbines 8 8
Power rating of turbines (turbine R s R
capacity) (MW)
Power of windfarm (MW) 48 | 48 | 48
Estimated downtime for o o o
i etc (%)

Counterfactual emission factors
Coal-fired plant emission factor (t

5 5 | 0 X X
Co, MWh) 0945 | 0.945 | 0.045 [NOFERIEFERSVERLRE 0|
Grid-mix emission factor (t C
iy tea [PUARPIANPIE 0207 | 0207 | 0.207 02070 N0:207 F0:207
Fossil fuel-mix emission factor (t

y 2 /
o, Mwh') [XPYR WYPYR RWPYE | 0.424 | 0424 | 0424 NOM24N NOU24 No424
Calculation of capacity factor T Direct input of capacily factor

Exp Min  Max
Entered capacity factor (%) 3 315 385

Parameters Siope (@) 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

Forestry Area 1 Forestry Area 2
Calculation of capacity factor Exp | |
from forestry
Wind speed ratio calculated in 7d R T o TR T
Average site windspeed (m §') 0 0 0 0
Annual theoretical energy output | o ¢q) 52560 52560 | 52560 | 52560 | 52560

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

Partial

Partial
er | power

3 o
Exp | Min
Exp | Min

52560

curves for
different

turbines | turbine

Forestry Area 3

Exp  Min  Max

0945 0945 0.945

0.424

Forestry Area 3

Exp  Min  Max

SRS QBRI SRR S
0 0 0

0
52560 52560

Partial  Partial | Partial

for  curves for.
different
turbines.

turbines  turbin

Min Max
Min Max

Exp
Exp

52560

Forestry Area 4

Exp | Min | Max

0945 0.945

0207  0.207

0424 0424

Forestry Area 4

Exp | Min  Max

0 0
52560

Partial  Partial
power | power

different
turbines

o
Min
Min

R SRR

52560

Partial

curves for curves for
different
turbines.

Forestry Area 5

0945 0945 0.945

7 0.207
0424 0.

24 0.424

Forestry Area 5

Exp  Min  Max

SR BRI SRR
0 0 0

52560 52560

Partial  Partial

Max
Max

Min
Min

Exp
Exp

HHHR I BT SR I TR R S ST BHI IR TR R R TR S

I S B T TR R S I B IR TR I R S

Forestry Area 1

Windfarm CO; el n saving

Note: The

of the windfar]

multplied by the emission factor for

from grid)

Forestry Area 2

Forestry Area 3

Forestry Area 4

Forestry Area 5




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 lifef
with carbon-savings achieved by the windfarm while displacing electricity generated from
coal-fired capacity or grid-mix.

Method used to esti Cco,
from turbine life (eg. manufacture,

Calculate wrt installed

N e capacity
construction, decommissioning)*

Exp Min Max
Direct input of emissions due to turbine 0 0 0

life (t CO, windf:

)

Calculation of emis:

CO, emissions due to turbine life (tCQ

sions due to turbine life from

energy output

e 5139 5139 5139
turbine”’)
No. of turbines 8 8 8
Total calculated CO, emission of the wind
41108 | 41108 | 41108

farm due to turbine life (t CO, windfarm'*)

Calculation of emissions due to cement|
used in construction

Volume of cement used (ma) 0 0 0

[REsuLTs
Losses due to turbine life (eg.
Additi 0, pay time of 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.

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

Construction Area 1
Exp Min Max

—tCO, emission rate (t CO, m? cement) 0.316 0.316  0.316
Fotrooy emssiomswuéo-cermerT s 0 0 0

(( mpa
The Concrete Centre

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

COze (kgCOzelm’)' COze )

CONCRETE APPLICATION JConerete [ cemi | sukny %ty | 6o

o ‘concret ash bs. CEMI ash ggbs

e | concrete | concrete | concrete | concrete | conerste
Biinding, mass il i foolings, rass
foundations, trench foundations * GENT " 128 o1 m % “
Reinforced Foundations RC25/30™ 316 263 197 133 11 a3
Ground floors RE2835 316 261 186 134 110 3
Siructural n i foors, G320
s Pataments z a0 a13 201 5 | 3 o
High strengih concrete * Re40=0 432 351 269 178 146 m
aCOzeim’)

Unreinforced Precast flooring® - 165
Reinforced precast floofing® 171
Average Generic Concrete Block" - 84

includes 30kg/m’ steel reinforcement
- includes 1 Hﬂkg/mg steel reinforcement

Construction Area 2 Construction Area 3 Construction Area 4 Construction Area 5
Exp Min Max Exp Min Max Exp Min Max Exp Min Max

(0] (0] (0] 0 0 (0]
0316 0.316  0.316 0.316  0.316  0.316
0 0 0 0 0 0



Emissions due to backup power generation

Note: - providing
y for ppl 004). Bac required

Note: CO, up s calulated from redied for backup of the windfarm given in the input data and ompa
i > 7 v o
e Dot
an
Expected  Minimum  Maximum |Whils,2007). The Carbon Trust (Carbon TrustDTI, 2004) concluded hat increasinglevels of et
i icalis by 2010 and 2020, but
Reserve capacity required for backup o UK ronowabl i ind poweris low
No. of turbines » ) ) 8 8 Zh o T e
Power rating of turbines (turbine capacity) (MW) 6 6 6 por
Power of wind farm (MW h") 8 48 48 Y The exra oap r
Rated capacity (MW ‘/f1) 420480 420480 420480 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 f""“u now el el storage =
[Additional emissions due to reduced thermal efficiency of the 0 w0 0 [ e
reserve generation (%) ", i it e
Reserve capacity (MWh yr') 2102 2102 2102 e pdfon oenerstion find AT
Carbon dioxide emissions due to backup power
generation

Coal-fred plant emission factor (t CQ 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'") 0424 0.424 0424
Lifetime of windfarm (years) 40 40 40
Annual emissions due to backup from..,

..coal-fired electricity generation (tCO, yr') 1987 1987 1987

..grid-mix of electricity generation (tCO, yr') 435 435 435

...fossil fuel - mix of electricity generation (CQ, yr”) 891 891 891

RESULTS
Total emissions due to backup from..
...coal-fired electricity generation (1CQ)

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

[Additional CC; 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 Tir

Click here to retun to Instructions[Glick heren]|

Emissions due to backup power generation
Note: CO, up is calculated from

required for backup of the windfarm given i the input data.

fossil-fuel-mix of electricity generation.
Note that hydroelectricity may also be
used for backup, so this assumption

make the value for backup
generationtoo high. These:
assumplions should be revisited as
technology develops.




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

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
Expected Minimum Maximum

Area where carbon accumulation by bog plants is lost

Total area of land lost due to windfarm construction (m?) 66052 61532 70132
Total area affected by drainage due to windfarm construction (m?) 79851 38386 124157
Total area where fixation by plants is lost (m?) 145904 99918 194289
Total loss of carbon accumulation

Carbon accumulation in undrained peats (tC ha™ yr) 0.25 0.12 0.31
Lifetime of windfarm (years) 40 40 40
Time required for regeneration of bog plants after restoration 10 5 15
(vears)

Carbon accumulation up to time of restoration (tCO, eq. ha'1) 46 20 63
[RESuLTs

Total loss of carbon accumulation by bog plants

Total area where fixation by plants is lost (ha) 15 10 19
Carbon accumulation over lifetime of windfarm (tCO , eq. ha™) 46 20 63

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

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

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

Click here to move to Payback Time  |Click here

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.




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 5¢), 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) -6154 -5160 -7188
CO; loss from drained peat (t CO, equiv) 6614 2861 11312
RESULTS
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

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
drained peat (sheet 5d).




Volume of Peat Removed

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

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

Method used to calculate CO , loss from
foundations walls

Calculaton method code 1
No. of turbines 8 8
Length at surface (m)
Width at surface (m)
Length at bottom (m)
Width at bottom (m)
|Depth of foundations (m)

" Total
Peat removed from borrow pits Ex Min Max
Number of borrow pits 1 1 1
Average length of pits (m) 90.28 90.28 90.28
Average width of pits (m) 90.28 | 90.28 | 90.28
Average depth of peat removed from pit (m) 0.34 0.34 0.34
Area of land lost in borrow pits (m Z) 8150.48 | 8150.48 | 8150.48
Volume of peat removed from borrow pits
ma) 2771.16 [ 2771.16 | 2771.16
Peat removed from turbine foundations To.tal

Exp Min Max

Rectangular with vertical

"Area" of land lost in hard-standing (m 2) 5202 5202
Volume of peat removed from foundation

15606 | 5202
area (m*)

5202

2601

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

Rectangular with vertical

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

Click here to move to Payback Time

walls

Galculation method code 1
No. of turbines 8 8 8
Length at surface (m)
Width at surface (m)
Length at bottom (m)
Width at bottom (m)
Depth of hardstanding (m)
Area of land lost in hard-standing (m Z) 43520 | 39000 | 47600
Volume of.peat remo;/ed from 14796.8| 13260 | 16184
hardstandingarea (m”)
Peat removed from access tracks To.tal

Exp Min Max
Floating roads
Length of access track that is floating road
(m) 0 0 0
Floating road width (m) 0 0 0
Floating road depth (m) 0 0 0
Area of land lost in floating roads (m 2) 0 0 0
Volume of peat removed for floating roads 0 0 0
Excavated roads
Length of access track that is excavated
road (m) 2040 2040 2040
Excavated road width (m) 45 45 45
Average depth of peat excavated for road
|(m) 0.34 0.34 0.34
Area of land lost in excavated roads (m 2) 9180 9180 9180
Volume of peat removed for excavated
roads 3121.2 | 3121.2 | 3121.2
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 Z) 0 0 0
Volume of peat removed for rock-filled roads 0 0 0
Total area of land lost in access tracks (m 2) 9180 9180 9180
Total volume of peat removed due to access
tracks (m®) 31212 | 31212 | 31212
Additional peat excavated -
(not already accounted for above)
Volume of additional peat excavated (m 3) 0 0 0
Area of additional peat excavated (m Z) 0 0 0
RESULTS Total

Exp Min Max
Total volume of peat removed (m°) due to
windfarm construction 22249.819672.6 | 24677.4
Total area of land lost due to windfarm
construction (m?) 66052 |61532.5)|70132.5

Construction Area 1 Construction Area 2

Exp Min Max Exp Min Max

1560.6

13260

Volume of Peat Removed

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

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

Construction Area 3

Exp

Min

Max

Construction Area 4

Exp

Max

Construction Area 5

Exp

Min

Max




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) 0 0 0
Dry soil bulk density (g cm'3) 0.00 0.00 0.00
% C contained in removed peat that is lost as CO, 100 100 100 <
Total volume of peat removed (ma) due to windfarm construction 22250 19673 24677
|002 loss from removed peat (t CO,) 0 0 0
CO; loss from undrained peat left in situ
Total area of land lost due to windfarm construction (ha) 7 6 7
CO;, loss from undrained peat left in situ (t CO, ha'1) 932 839 1025
CO, loss from undrained peat left in situ (t CO,) 6154 5160 7188
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,) 6154 5160 7188
RESULTS
CO, loss attributable to peat removal only (t CO,) -6154 -5160 -7188

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

CO, loss from removed peats

entered in cell C10

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




Volume of peat drained

an average extent of drainage around each drainags
given in the input data.

Note: Extent of site affected by drainage is calculated assuming

e feature as

[Extent of drainage around each metre
of drainage ditch
Average extent of drainage around

drainage features at site (m)

Exp
10

Total

Min

15

Peat affected by drainage around
borrow pits

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

4011

Total

Min

90
90

0.3

1906

Max

90
90

0.3

6317

(m°)

Total area affected by drainage around
borrowpits (mz)

Total volume affected by drainage
|around borrowpits (ns)

4011

682

1906

324

6317

1074

Peat affected by drainage around
turbine foundation and hardstanding
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)

| _Exp | Min |

Total

Max

Maximum depth of drains (m)

Total length of foundation and
hardstanding (m)

Total width of foundation and
hardstanding (m)

Area affected by drainage of foundation

4380

2010

and hardstanding area (nz)

Total area affected by drainage of

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

foundation and hardstanding area (ns)

35040

5957

16080

2734

Peat affected by drainage of access
tracks

Floating roads
Length of floating road that is drained (m

Floating road width (m)
Average depth of drains associated with

floating roads (m)

0.00

Total

Min

0.0
0.00

0.00

Area affected by drainage of floating
roads (mz)
Volume affected by drainage of floating

roads (m*)

Excavated Road

Length of access track that is excavated
road (m)

E: ted road width (m)

Average depth of peat excavated for
road (m)

2040

0.3

2040

0.3

2040

0.3

Area affected by drainage of excavated
roads (mz)
Volume affected by drainage of

excavated roads 1rr3)

40800

6936

20400

3468

61200

10404

Rock-filled roads
Length of rock filled road that is drained

(m)

Rock filled road width (m)

Average depth of drains associated with
rock filled roads (m)

Area affected by drainage of rock-filled
roads (mz)
Volume affected by drainage of rock-

filled roads (m?)

Total area affected by drainage of
access track (mz)
Total volume affected by drainage of

access track (ms)

40800

6936

20400

3468

61200

10404

Peat affected by drainage of cable
trenches

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

Average depth of peat cut for cable
trenches (m

0.0

Total

Min

0.0

0.0

Total area affected by drainage of cable
()

Total volume affected by drainage of
cable trenches (rra)

0.00

0.00

0.00

Construction Area 1

Exp
8

26
26
0.3
80
68

0.3
0.3

Min
8
26
26
0.1
75
65

0.3
0.3
101

91

Max
8

26

26

[}

85

70

0.3
0.5
111

96

Construction Area 2

Exp
0

0

0

Min
0

0

0

Max
0

0

0

Construction Area 3
Min
0

Exp
0

0

0

Max
0

0

0

Construction Area 4

Exp
0

0

0

Min
0

0

0

Max
0

0

0

Construction Area 5

Exp
0

0

0

Min
0
0

0

Max




Drainage around additional peat Total

excavated Exp Min Max
Volume of additional peat excavated (nf)| 0.0 0.0 0.0
Area of additional peat excavated (n°) 0.0 0.0 0.0

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

Radius of excavated and drained area
(m)

Total area affected by drainage (rTZ)

Area excavated is
e

Assumpti
assumed to be a

o o o oo

3
o
o o o oo

o o o oo

S
o
S

Total volume affected by drainage (n'?) 0.

Total
Exp Min Max

79851 38386 | 124157

RESULTS

Total area affected by drainage due to|
(windfarm (mz)
Total volume affected by drainage dug

[to windfarm !m3)

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

13574.7 | 6525.552| 25637.86

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.




Check’

Check’

Check’

Check’

Check’

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, i .
Click here to move to 5. Loss of soil CQ-

Click here to move to Payback Tim:

Expected Minimum Maximum
Drained Land
Total area affected by drainage due to wind farm construction (ha) 8 4 12
Will the hydrology of the site be restored on decommissioning? Yes Yes Yes
Will the habitat of the site be restored on decommissioning? Yes Yes Yes
Calculations of C Loss from Drained Land if Site is NOT Restored after Decommissionin
Total volume affected by drainage due to wind farm (na) 13575 6526 25638
C Content of dry peat (% by weight 0 0 0
Dry soil bulk density (g cn™) 0.00 0.00 0.00
Total GHG emissions from Drained Land (t CG, equiv.) 0 0 0 Assumption: Losses of GHG from
drained and undrained land have the
Total GHG Emissions from Undrained Land (t CQ equiv.) 0 0 0 ime proportion throughout the
emission period.
Calculations of C loss from Drained Land if Site IS Restored after Decommissionin
1. Losses if Land is Drainec -
Flooded period (days yeal"w) 0 0 0 e anyhemzrz',";desyea et
Lifetime of windfarm (years) 40 40 40
Time required for regeneration of bog plants after restoration 10 5 15
'gears)
Methane Emissions from Drained Lanc
Rate of methane emission in drained soil ((t CH-C) ha™ yr') 0.000 0.000 0.000 Note:Conversion = (23 x 16/12) =
X R 30.67 CO, equiv. (CH,-C)!
Conversion factor: CH,-C to CO, equivalents 30.67 30.67 30.67
CH, emissions from drained land (t C(; equiv.) 0 0 0
Carbon Dioxide Emissions from Drained Lanc
Rate of carbon dioxide emission in drained soil (t CQha" yr'1) 35.20 35.20 35.20
CO, emissions from drained land (t C(;) 14054 6080 24037
Total GHG emissions from Drained Land (t CC; equiv.) 14054 6080 24037
2. Losses if Land is Undrainec
Flooded period (days year') 178 178 178
Lifetime of windfarm (years) 40 40 40
Time required for regeneration of bog plants after restoration 10 5 15
(years)
from L i Land
Rate of methane emission in undrained soil ((t CH-C) ha yr') 0.04 0.04 0.04
Conversion factor: CH,-C to CO, equivalents 30.67 30.67 30.67
CH, emissions from undrained land (t C(, equiv.) 240 104 410 30,67 CO, equiv. (CH,-C)
Carbon Dioxide Emissions from Undrained Lanc
Rate of carbon dioxide emission in undrained soil (t CQha" yr') 0.00 0.00 0.00
CO, emissions from undrained land (t C(;) 7200 3115 12315
[Total GHG Emissions from Undrained Land (t CC, equiv.) 7440 3219 12725
3. CO, Losses due to Drainage
Total GHG emissions from drained land (t CQ equiv.) 14054 6080 24037
Total GHG emissions from undrained land (t C(; equiv.] 7440 3219 12725
RESULTS
Total GHG emissions due to drainage (t CC; equiv.) 6614 2861 11312

Click here to move to 5. Loss of soil CGQ -
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 s 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, I fortis pojct. The IPCC methodology s ncluded because i the
bished h 1, 2008 - Fina repor

Click here to move to 5d.

Click here to move to Payback Time [Glick here

Selected Methodology = IPCC default
Type of peatland = Acid Bog
Calculations following IPCC default methodology Expected Minimum Maximum
Emission characteristics of acid bogs (IPCC, 1997)
Flooded period (days year ') 178 178 178
Annual rate of methane emission (t CH,-C ha™ yr') 0.04015 0.04015 0.04015
[Annual rate of carbon dioxide emission (t CO, ha™ yr') 352 352 352
[Assumplon: The period offoodng s
Emission characteristics of fens (IPCC, 1997) {aken to be 178 days yr! for acid bogs
] |and 169 days yr' based on tf
Flooded period (days year ) L 169 169 169 monily mean temperaiure and tho
Annual rate of methane emission (t CH.-C ha™ yr™) 0219 0219 0219 lengins of inuncaton (pcc. 647 Reses
Annual rate of carbon dioxide emission (t CO; ha™ yr') 352 352 352 s i’"f"‘\“"" o
[Rssumpton: The CH, emission rate
Selected emission characteristics (IPCC, 1997) e lo;nacld bugs 11158 mg
Flooded period (days year") 178 178 178 fons 1280 (21169) mg Gt amy
[Annual rate of methane emission (t CH.-C ha™ yr') 0.04015 0.04015 0.04015 * X 365 days (Assimann & Crutzan 1989
[Annual rate of carbon dioxide emission (t CO, ha™ yr') 352 352 352 | chem 5 307-358)
[Rssumption: CO, emissions on
ranage o ogaic 5o fortind
s (0.9, orai, vege!
ra 3ssmsnwznco,na i
Lemperate climates (rmetanond
Total area affected by drainage due to wind farm construction (ha) B 4 | 12 e e e
Total volume affected by drainage due to wind farm (m*) 13575 6526 25638
. i e Emissi (Nayak etal, 2008). The equaiion derved wa:
Soil that Determine Emission Rates = (3.667/1000) % ({6700 x exp(-0.26 x exp(-( DDE]EX[(W&]DDJ 50)))) +((72.54 % T) - 800)) =
[Average annual air temperature at the site (°C) 10.1 101 10.1 1% R.ozis (e annual raie of GOz emissions (1 GO (na)” yr-). -
~average annual peatlemp erature (-C) and
i< the vater able dopih (.
Average water table depth at site (m) 5.00 10.00 0.10 -
[Average water table depth of drained land (m) 5.00 10.00 021 21;P=005) and
of 2hayr- 05) (Smith et a, 1957),
:n_r;u:l Emission Rates following site specific R
\cid bogs — = (1/1000)x (500 % exp(-0.1234 x (Wx100)) + ({3529  T) - 36.67])
Rate of carbon dioxide emission in drained soil (t CO ha™ yr') 2432 2432 7.30 . ualrate of CH, emissions (t CH.-C (har" yr-),
[Rate of carbon dioxide emission in undrained sof (t CO, ha“ y') 2432 2432 294 T dverage annial ORI
- . - 54,P> 0.05)
Rt of methans emission indrained sol ({CH ) ha yr') 0,001 0.001 0038 2%61:P>0.05)andan
Rate of methane emission in undrained soil ((t CH.-C) ha” yr") 0.00 0.00 0.14 average error of 271 CH,-C ha yr- 1887
Fens — =
Rate of carbon dioxide emission in drained soil (t CO ha™ yr") 65.24 6524 18.71 Note. s i
1ot — messurements ek ctal 2008 The Caualon emvetuas
Rate of carbon dioxide emission n uncrained 5ot CO, ha’yr') 65.24 65.24 7.82 D () ;.
Rate of methane emission in drained soil ((t CH ,-C) ha ' yr') 0,003 0,003 0073 rere s ls s anolate of SOemissions( G54 (hey Y2 i e |1
Rate of methane emission in undrained soil ((t CH.-C) ha yr) 0.00 0.00 021 frsyaces semelpadt st et i / !
42,P>0.05) I
Selected emission istics following site specific 08 BoL e = e | e
Rate of carbon dioxide emission in drained soil (t CO, ha™ yr") 24.32 2432 7.30
), Tole, fers Equa xperimertal daia
Rate of carbon dioxide emission in undrained soil (t CO, ha” yr") 24.32 2432 294 (Nayak et i, 2009). —
Rate of methane emission in drained soil ((t CH,-C) ha" v 8] ) -0.001 0.038 .m,ﬁ’ﬂ‘;‘ﬂﬂ‘;ﬁ;}if?,ﬁf;‘%ﬁ e (oHo By ) :
e annualalr emperatire (-Cland I -
Rate of methane emission in undrained soil (t CH.-C) ha” yr") 000 000 014 Msmeynenuh\e ot i / | /_/_/
=-0.41,£>005) I
RESULTS fcant so;P>005)and | 1 '
Seieotod Emission Rates o aversge Eror o168t Qe b T — .
[Rate of carbon dioxide emission in drained soil (t CO ha™ yr") 35.20 35.20 35.20
[Rate of carbon dioxide emission in undrained soil (t CO, ha™ yr') 0.00 0.00 0.00
[Rate of methane emission n rained il (¢ CH.-C) ' yr') 0000 0.000 0000
[Rate of methane emission in undrained soil ((t CH.-C) ha” yr ‘) 0.04 0.04 0.04
Click here to move to 5d. COZ loss from drained peat | EHGRINGISN
Click here to move to Payback Time
[Emission rates from soils
Note:Note, €O, for tis prject. The IPCC methodology is included because s the
bished n 1,200 - Final report)




Emissions due to loss of DOC and POC
Note: Note, CC; 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

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)

Total C loss
N Note: Only restored drained land included because if land is not

Gross CO;, loss from restored drained land (t CO,) 6854 2965 11722 [ restored, the C lost has already been counted as carbon dioxide
Gross CHy, 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
Gross CH, loss from improved land (t CO, equiv.) gaseous loss if calculated from the reported (minimum and

maximum) values in Worrall 2009 and is 26% of the total gaseous
Degraded Bog 0 0 0 loss if calculated from the mean of reported maximum and minimum
Felled Forestry 0 0 0 value in Worrall 2009. These DOC values are flux based on soil
; water concentration (i.e. 12.5 - 85.9 MgC/KM2/yr)
Borrow Pits 0 0 0
. ' and not on flux at catchment outlet (i.e. 10.3 - 21.8 MgC/KM2/yr)

Foundations & Hardstanding 0 0 0 A
Conversion factor: CH,-C to GO, equivalents 30.6667 30.6667 30.6667 Worrall, . et al 2009. The muiti-annual carbon budget of a peat-covered catchment, Scence of
% total soil C losses, lost as DOC 26 7 40 Assumption: In the long term, 100% of leached DOC is assumed to
% DOC loss emitted as CO, over the long term 100 100 100 EDLER e E2,
% total soil C I0§ses, 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
Total gaseous loss of C (t C) 1873 810 3203 8% of the total gaseous loss if calculated from the mean of
Total C loss as DOC (t C 487 57 1281 reported maximum and minimum value in Worrall 2009.

(tC)

Total C loss as POC (t C) 150 32 320 POC range is (7 - 22.4 MgC/KM?2/yr) (Worrall et al, 2009).
[RESULTS
Total CO; loss due to DOC leaching (t CO,) 1782 208 4689 Assumption: In the long term, 100% of leached POC is assumed to
Total CO, loss due to POC leaching (t CO,) 548 119 1172 be lost as CO,
Total CO, loss due to DOC & POC leaching (t CO,) 2330 326 5861
[Additional CO, payback time of windfarm due to DOC & POC

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

...grid-mix of electricity generation (months) 1 0 2

...fossil fuel - mix of electricity generation (months) 0 0 1

Click here to move to Payback Time

Emissions due to loss of DOC and POC
Note: Note, CC; 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

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)




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) 0 0 0
Carbon sequestered (tC ha™" yr'") 3.6 24 44
Lifetime of windfarm (years) 40 40 40
Carbon sequestered over the lifetime of the windfarm (t C ha '1) 144 96 176

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.




using detailed

[CO; loss from forests
Forest carbon calculator (Perks et al, 2008)

| e

Max

Toss of carbon
|sequestration due to felling
of forestry for the wind

Number of turbines [
|Area felled around each
turbine (ha)

|Area of forestry plantation to
be felled for wind farm (ha)

|Area replanted around each
turbine (ha)

|Area of forestry plantation to
be replanted (ha)

|Area deforested for wind
farm (ha)

(Carbon sequestered per
hectare for lifetime of the
lwind farm (t C ha™!)

[Total potential carbon
|sequestration loss due to
felling of forestry for the
[wind farm (t CO,)

Cleared Forest Floor
Emissions

Soil type
Life time of wind farm (years)
|Area deforested for wind
farm (ha)

Carbon released per hectare
unforested (tC ha™ yr')

40

40

Total emissions due to
[cleared land (t CO;)

Emissions from harvesting
operations
ol type

Emissions from harvesting
loperations (g CO, m™)

|Age of forest to be felled
(years)

|Area of forestry plantation to
be felled for wind farm (ha)

Volume of wood felled (m® ha
B
)

Emissions due to
harvesting operations (t 0
coy

Savings from use of felled
forestry as biofuel

s timber used as biofuel?

|Area of forestry plantation to

be felled for wind farm (ha)

Carbon in felled forestry (tC

(Carbon : Biomass) ratio of
felled forestry

Biomass weight of felled
forestry

Value of felled forestry as a
biomass fuel (MWh t)

Total biomass power value
MWh

Fossil fuel-mix emission
Ifactor (t CO, MWh")

Savings in CO, emissions
lassociated with using felled 0
forestry as a biofuel (t CO,)

0.424

0.424

0.424

Distance to nearest biomass
power plant (km)

Emissions of CO, ted
with transportation by each
km distance (t CO2 km'™)

0.0

0.00

[Total emissions of CO
lassociated with
transportation (t CO2 )

Fossil fuel equivalent
|saving (t CO,)

Savings from use of
replanted forestry as a

biofuel
|Area of replanted forestry
(ha)

ol type

INumber of years replanted
forestry grown on site (years)
(Carbon in replanted forestry
[when felled (tC ha™")

(Carbon : Biomass) ratio of
felled forestry

Biomass weight (t) [

[Value of replanted forestry as

la biomass fuel (MWh ')

Total biomass power value
MWh)

Fossil fuel-mix emission
Ifactor (t CO, MWh'')
Savings in CO, emissions
lassociated with using
replanted forestry as a
biofuel (t CO,)

0.424

0.424

Distance to nearest biomass
power plant (km)
Emissions of CO,
with transportation (t CO, k'
11y

0.0

ted

|Carbon equivalent of
ion (£ COz¢eq)

Fossil fuel equivalent
|saving (t CO,)

RESULTS
[ Total Carbon loss
0

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

(months)

‘of windfarm due

0

0

Exp

Forestry Area 1
M Max

0.0000¢

0

[

Deep
Peat

Deep
Peat

Deep
Peat

0.0
0
0 0.00000  0.00000

0

0

Deep
Peat

40

#NIA

0.0
0

0 0.00000  0.00000

0 0

0.424

0.00

0.00000| 0.00000

Forestry Area 3
Exp Min  Max

Deep
Peat

Deep
Peat

Deep
Peat

Deep
Peat

0 [

Deep
Peat

Deep
Peat

0.00000 | 0.0

0.424

000 000

0.00000

Forestry Area 4

Exp

Deep
Peat

Deep
Peat

0

0

0.00000

0

Deep
Peat

40

#NIA

0.00000 0.00000

0

0.424

0.00000

Forestry Area 5
M

Min | Max  Exp Max

Deep
Peat

Deep
Peat

Deep
Peat

0

0

0
0.00000

0

[ [

Deep
Peat

Deep
Peat

40 40

HNIA

0.00000
[

0.424

using detailed

[CO; loss from forests
Forest carbon calculator (Perks et al, 2008)




Carbon sequestration in tret

|calcuated. Instead.

0100t

Jproductivy (NEP).

| modelfor many species even for a grouping such as “confers*or“Geciduous'.

Values taken from input
sheet

Exp
Accumulated temperature | (> 1050
(day-degrees > 5C) deg.C)
Major Soi Sub Group.
Species

Age of forestry when felled

(years)
| Years after felling when
replanting occurs

Age of seedlings on
planting (yr)

| Years when replanted
forestry will be grown on
lwind farm site

Total

> 1050
deq.C)

> 1050
deg.C)

Exp

deg.C)

Forestry Area 1

deg.C)

Deep D

Peat

Peat

cots  Scots

pine.

pine

Forestry Area 2 Forestry Area 3 Forestry Area 4 [

Min || Max | Exp Exp | Min | Max | Exp  Min
(>1050 (>1050 (> 1050 1050 (>1050 (> 1050 0 1050

degC) |degC) degC)  degC) | degC) degC) degC) |degC) degC) (degC)  degC) degC)

Deep
Peat

[Carbon sequestration In frees

008). This

|clcuatec. Insteac.

Jproductiiy (NEP).

to dovelop the

1,37 (oM.

RESULTS
|Calculated Net Primary Forestry Area 1 Forestry Area 2 Forestry Area 3 Forestry Area 4
procuction e wax o Min  Max [ Bxp | Min | Max| Ep Moo Mo | B Mo Max
Net loss in forest primary
production over fetime. | 212 | 272 | 712 m a2 | A | A | A WA ANAINA A
of wind farm (1€ ha')
production at felingfor | 6 . . WA A AR WA A A
wind form ¢ C na
ropianted orestry
assuming same species
e snamareces | 2 |z | m 2 | ANA [N BNA | A A e WA | A mA A A
red and man
(tC ha)
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Carbon sequestration in soil under trees

Note. More data needed. This should be the respiration from newly felled and disturbed soil, so as to include respiration from fresh plant inputs, from background soil organic matter decomposition, and
from the disturbance of soil resulting in the release of additional C from soil aggregates. Different types of management disturbance should be considered. This information is not yet available, but will

become available following experiments to be done by Mike Perks during 2009-2012. As an interim measure, C sequestration in soil under trees is used, so including background respiration from soil
organic matter decomposition and respiration from fresh plant input.

Carbon Sequestration in Soil
Under Trees:  Lookup
Table

Peaty Gley |Deep Peat (t
(tCha'yr')| Cha'yr')

3.98 5.00




Average stand data
Data obtained from Forestry Commission growth and yield tables (Edwards & Christie, 1981)

STAND_ID
SPECIES

ForestGALES
Sitka Spruce

YIELD CLASS 14: Peaty Gley

25
Initial Average Maximum
Spacing Age tree height ~ Volume  Spacing  tree height 2
Yield class (m) (years) (m) m? ha”' (m) (m) B y =-0.0002x3 + 0.0194x2 + 0.023x
14 17 0 0.00 0.0 1.37 1.00 =
14 17 1 0.04 0.0 1.38 1.14 S5
14 1.7 2 0.12 0.0 1.40 1.30 2
14 17 3 0.24 0.0 1.42 1.50 2
14 17 4 0.39 0.0 1.43 1.72 510
14 17 5 0.58 0.0 1.45 1.97 > . s
14 17 6 0.79 0.0 147 224 8 =-0.0002x° + 0.0187x - 0.0232x
14 1.7 7 1.04 0.0 1.49 2.54 kS
14 1.7 8 1.32 0.0 1.51 2.86 5
14 17 9 1.63 0.0 1.53 3.21
14 17 10 1.97 0.0 1.54 3.57
14 17 1" 2.33 0.0 1.56 3.95 0 T T T T T
14 1.7 12 2.72 0.0 1.58 4.35 0 10 20 30 40 50
14 1.7 13 3.14 0.0 1.60 4.77 Age (years)
14 17 14 3.58 6.2 1.62 5.20
12 1; 12 3 Sg ;2 :3 1 gé g ?? «=—Y|ELD CLASS 14: Peaty Gley ~====YI|ELD CLASS 12: Deep Peat
. 5 c
14 17 17 5.08 62 174 6.9 700
14 17 18 5.68 76.4 175 7.48
14 17 19 6.29 90.8 177 8.06 600
14 17 20 6.90 105.2 179 8.64 B ) )
14 17 21 751 119.6 18 922 00 =-0.0087x* + 0.8817x2 - 10.198 + 10.78
14 17 22 8.1 134 1.82 9.8
14 17 23 8.72 151.8 1.84 10.38 =
14 17 24 933 169.6  1.85 10.96 5 400
14 17 25 9.93 187.4 1.86 11.54 ‘E
14 1.7 26 10.54 2052 1.87 1212 o 300
14 17 27 11.15 223 1.89 127 £ Note - negative
14 17 28 1.71 2426 1.91 13.24 S 200 { volume before 14
14 17 29 12.28 262.2 1.94 13.78 > Ziiﬁi‘!?i;"!:'sﬁiif
i 7% e sore 2 1ass 100 y=-00072¢ +07569¢-0.1643¢
14 1.7 32 13.97 321 2.03 15.4 0 . . .
14 1.7 33 14.50 3404 206 159 30 40 50
14 17 34 15.02 3598 209 16.4 100
14 1.7 35 15.54 379.2 212 16.9 Age (years)
14 17 36 16.07 398.6 215 17.4
}2 1; gg Egg 4‘;1585 3;? 11a7ége ——VYIELD CLASS 14: Peaty Gley ===YIELD CLASS 12: Deep Peat
14 17 39 17.55 453.6 224 18.82
14 17 40 18.04 471.4 227 19.28 37
14 17 41 18.52 489.2 23 19.74
14 17 42 19.00 507 233 20.2 3 | y = 1.3650600125x
14 17 43 19.42 522.6 2.36 20.6
14 17 44 19.84 538.2 2.39 21
14 17 45 20.25 553.8 2.41 21.4 24
14 17 46 20.67 569.4 244 21.8 E —
14 17 47 21.09 585 247 222 2, ] I y = 1.3842e00108
14 17 48 21.47 598.6 25 22.56 s s
14 17 49 21.85 612.2 2.52 22.92 &
14 1.7 50 22.22 625.8 2.55 23.28 14
YIELD CLASS 12: Deep Peat 4
Initial Average Maximum 0 . . . . .
Spacing Age tree height ~ Volume  Spacing  tree height 0 10 20 30 40 50
Yield class (m) (years) (m) mha’  (m) (m) Age (years)
12 17 0 0.00 0.0 1.38 1.00
12 1.7 1 0.00 00 1.40 1.0 ——VYIELD CLASS 14: Peaty Gley ~===YIELD CLASS 12: Deep Peat
12 1.7 2 0.03 0.0 1.41 1.20
12 17 3 0.09 0.0 1.43 1.35
12 1.7 4 0.19 0.0 1.45 1.52 25
12 1.7 5 0.33 0.0 1.46 1.72
12 17 6 0.49 0.0 1.48 1.94
12 17 7 0.69 0.0 1.49 2.18 ~20
12 1.7 8 0.91 0.0 1.51 2.44 % y =-0.0002x° + 0.0156x2 + 0.1209x + 1
12 17 9 1.16 0.0 1.53 2.73 £
12 17 10 1.44 0.0 1.54 3.04 §15
12 1.7 1" 1.74 0.0 1.56 3.36 2
12 1.7 12 2.07 0.0 1.58 3.70 £
12 17 13 2.42 0.0 1.59 4.06 E 10
12 1.7 14 2.79 0.3 1.61 4.43 E
5
b 7 v o BTN s 2, ¥ =-0.0002' + 0.0151x2 + 0.0726x + 1
12 1.7 17 4.03 27.6 1.66 5.62
12 1.7 18 4.47 38.3 1.68 6.03
12 17 19 5.08 63 174 6.9 0 . . . . .
12 1.7 20 5.64 76.2 1.75 7.44 0 10 20 30 40 50
12 17 21 6.21 89.4 177 7.98
12 17 22 6.77 1026 178 8.52 Age (years)
g 1; gi ;gg 11125: 11882 99066 «=—YI|ELD CLASS 14: Peaty Gley ====YI|ELD CLASS 12: Deep Peat
12 17 25 8.45 145.2 1.83 10.12
12 17 26 8.99 161.4 1.85 10.64
12 17 27 9.54 177.6 1.87 11.16
12 17 28 10.08 193.8 1.89 11.68
12 17 29 10.62 210 1.91 122
12 17 30 11.15 227.6 1.92 127
12 17 31 11.67 2452 1.94 13.2
12 17 32 12.19 262.8 1.96 13.7
12 17 33 12.72 280.4 1.97 14.2
12 17 34 13.24 298 1.99 14.7
12 17 35 13.70 315.2 2.02 15.14
12 17 36 14.16 3324 2.04 15.58
12 17 37 14.62 349.6 2.07 16.02
12 17 38 15.08 366.8 21 16.46
12 17 39 15.54 384 213 16.9
12 17 40 15.98 399.8 215 17.32
12 17 41 16.42 415.6 218 17.74
12 17 42 16.86 431.4 22 18.16
12 17 43 17.30 447.2 223 18.58
12 17 44 17.74 463 2.26 19
12 17 45 18.12 477 2.28 19.36
12 17 46 18.50 491 2.31 19.72
12 17 47 18.87 505 2.33 20.08
12 17 48 19.25 519 2.36 20.44
12 17 49 19.63 533 2.39 20.8
12 1.7 50 19.96 544.8 2.41 21.12




Calculation of wind speed ratios
[Note: Wind speed ratios derived from WINDFLOW model (Gardiner, 2004)

“’:::’ taken from input Forestry Area 1 Forestry Area 2 Forestry Area 3 Forestry Area 4 Forestry Area 5
[Age of forestry when felled

for windfarm (yr)

Years after felling when

replanting occurs

|Age of seedlings on planting

vr)

Life time of wind farm (years)

|Area felled around each
turbine (ha)

Width of forest around felled
area (m)

Height of turbines (m

Forestry Area 4
Min

Width of forest around felled

area (m)

Width of felled forestry

Jaround turbine (m)

Tree height at construction of
windfarm (m)

Final Height of replanted
forestry (m)

Tree height at end of
windfarm life (m

1804 | 1804  18.04 18.04 1804  18.04

1804 | 1804  18.04 18.04 1804  18.04

Forestry Area 1 Forestry Area 2 Forestry Area 3 Forestry Area 4 Forestry Area 5
Exp Min Max Min Max Exp Min Max Exp Min Max Exp Min Max
MOl of fo!wind of fotwind of for SRR NRRRRRR MR vind o foimwind of foiwind of fol RUREIERIE] IIEIBEIS! IRIREIBHIE wind of fowind of folwind of fo
forestry at hub height (m s7)
NNPORSIARRRRS - of fol back of fol back of fol RS EEERERIE EEERERIS back of fo back of fol back of fo/BACKGH I BAEKGH S BAEKBAIR back of for back of fol
at hub height (m s?)
MRl i olicd 1 in felled ¢ in felled cinfelled ¢Hin felled {1in felled ¢4 in felled ¢1 i felled 1 in felled ¢iin felled ¢i n felled ¢1 in felled ¢ in felled ¢3 in felled ¢i n felled d
ground at hub height (m s7)
Wind speed over replanted

HSAOPMASUMAIPMAENY rcoiarcd replanted replanted replanted replanted replanted  repianted replanted replanted replanted  replanted replanted. replanted replanted:replanted

[RESULTS Wi
speed ratios (used in Forestry Area 1 Forestry Area 2 Forestry Area 3 Forestry Area 4 Forestry Area 5
|worksheet 1)

Standard Forestry Practice

No felling #VALUE! #VALUE! #VALUE! #VALUEI #VALUEI #VALUEI #VALUE! #VALUE! #VALUE! #VALUE! #VALUE! #VALUE! #VALUE! #VALUE! #VALUE!
#VALUE! #VALUE! #VALUE! #VALUEI #VALUEI #VALUEI #VALUE! #VALUE! #VALUE! #VALUE! #VALUE! #VALUE! #VALUE! #VALUE! #VALUE!
#VALUE! #VALUE! #VALUE! #VALUEI #VALUEI #VALUEI #VALUE! #VALUE! #VALUE! #VALUE! #VALUE! #VALUE! #VALUE! #VALUE! #VALUE!

Forestry Area 1 Forestry Area 2. Forestry Area 3 Forestry Area 4 Forestry Area 5
Min = Min Min Ex Min Min

Parameters.

[Roughness of upstream ground (m) 003 X 003 003 003 003

[Roughness of ground in gap (m) 003 003
Roughness of forest (m) 135 135
[Roughness of SRF (m) 135 135

|2ero plane displacement over forest
(m)

Zero plane displacement over SRF
(m)

172 172

172 172

profie in forest (alpha)

[Maximum height of op of boundary
layer (m)

Von Karman's constant
Intermediate Calculations
Height of the new intemal boundary.
layer over forest ()

[Height of the new intemal boundary.
ayer over folled area (m)

Height of the new intemal boundary.
layer over replanted area (m)

Windspeed at intemal boundary layer|

over forest (m s™)
Windspeed at nternal boundary layer|

#VALUE! #VALUE! #VALUE! [#VALUE! | #VALUEL |#VALUEI | #VALUE! #VALUE! #VALUE! | #VALUE| | #VALUEI |#VALUE! #VALUE! #VALUE! #VALUE!
over felled area (m s")

Windspeed at intemal boundary layer|
over replanted area (m )




Model results

Height (m)}

Exp

Wind speed Wind speed
upwind of

forestry
s

at back of

forest
s
#NUML
#NUM
#NUM
#NUM
#NUM
#NUM
#NUM
#NUM
#NUM
#NUM
#NUM
1498
15.18
15.36
1554
1570
1585
1590
16.13

1626

Wind speed
in felled gap

#NUM!
#NUM!
#NUM!
#NUM!
#NUM!
#NUM!
#NUM!
#NUM!
#NUM!
#NUM!
#NUM!
14.08
15.18
15.36
1554
15.70
15.85
15.99
16.13
16.26
16.38

Wind speed

replanted

forestry (m
s")

877
1050

Wind speed Wind speed

upwind of

forestry (m
s

Forestry Area 1
Min Max
Wind speed

Wind speed  over
infelled gap _replanted

Wind speed
Wind speed  over
infelled gap _replanted
(ms’) foresity (m 2 (ms")  foresty (m
&) pd ) s &

Wind speed
upwind of
forestry (m

Wind speed
at back of
forest  (m

Wind speed Wind speed

upwind of

forestry (m forest
s gl

at back of
forest  (m

atback of

#NUM
#NUM!
#NUM!
#NUM!
#NUM!
#NUM!
#NUM!
#NUM!
#NUM!
#NUM!
#NUM!
1498
15.18
15.36

1554

UM
#NUM!
#NUM!
#NUM!
#NUM!
#NUM!
#NUM!
#NUM!
#NUM!
#NUM!
#NUM!

877
1050
151
1223
1278

#NUML
#NUM!
#NUM!
#NUM!
#NUM!
#NUM!
#NUM!
#NUM!
#NUM!
#NUM!
#NUM!
1498
15.18
15.36
1554
15.70

1585

UM
#NUM!
#NUM!
#NUM!
#NUM!
#NUM!
#NUM!
#NUM!
#NUM!
#NUM!
#NUM!

877
1050
1151
1223
1279
1325
1363
1396
1426
1452
1476
14.98
1518

#NUM!
#NUM!
#NUM!
#NUM!
#NUM!
#NUM!
#NUM!
#NUM!
#NUM!
#NUM!

1498
15.18
15.36
1554
1570
1585
1599
16.13
1626
16.38
1649

1554
1570
1585
1599
16.13
1626
16.38
1649
1661

1671

1681

1691

17.01

17.10
17.18
1721
17.35
17.43

1585
1599
1813
1826
1638
1649

d speed
! infelled gap

Exp

Wi se00
o | US| atbeckol
oy n ey

Win

(m

s

Forestry Area 2.
Min

Wind speed Wind speed
upwind of | at back of

)

#NUM!
#NUM!
#NUM!
#NUM!
#NUM!
#NUM!
#NUM!
#NUM!
#NUM!
#NUM!

1498
15.18
15.36
1554
1570
1585
1590
16.13
1626
16.38
1649

Wind speed

Windspeed  over
infelled gap _replanted
(ms

forestry (m
s

Wind speed Wind speed
upwind of | at back of
forestry (m forest

o y

877
1050
151
1223
1279
1325
1363
1396
1426
1452
1478
14.98
1518

UM
ANUM!
ANUM!
ANUM!
ANUM!
#NUM!
ANUM!
ANUM!
ANUM!
ANUM!

14.98
1518
1554 1554
1585
1599
1613
1626
1638
1649

1585
1599
1613
1626
1638
1649

Wind speed
in felled gap
(ms")
ANUM!
#NUM!
ANUM!
ANUM!
ANUM!
#NUM!
#NUM!
#NUM!
#NUM!
#NUM!

14.98
1518

1554

1585
1599
1613
1826
1638
1649

Wind speed
replanted
forestry (m
s
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Wind speed Wind speed

upwind of

forestry (m forest.
)

at back of

(

Wind speed
replanted
forestry (m

Wind speed Wind speed

upwind of

forestry (m forest.
o

)

877
1050
1151
1223
1279
1325
1363
13.96
1426
1452

Forestry Area 3

at back of

#NUML
#NUM!
#NUM!
#NUM!
#NUM!
#NUM!
#NUM!
#NUM!
#NUM
#NUM!

1498
15.18
15.36
1554
1570
1585
1599
16.13
1626
16.38
1649

Windspeed  over
( infeled gap _replanted
(ms")  forestry

Wind speed

(

Wind speed Wind speed

upwind of

forestry (m forest  (m
s

877
1050
1151
1223
1279
1325
1363
13.96
1426
1452
1476
1498
15.18
15.36
1554
1570
1585
1590
16.13
1626
16.38
1649

at back of

#NUML
#NUM!
#NUM!
#NUM!
#NUM!
#NUM!
#NUML
#NUML
#NUML
#NUML

1498
15.18
15.36
1554
1570
1585
1590
16.13
1626
16.38
1649

Wind speed

Windspeed  over
infelled gap _replanted
(ms")  forestry

Exp

Wind speed Wind speed
upwind of at back of

forestry (m forest  (m
&)

#NUML
#NUML
#NUML
#NUML
#NUML
#NUM!
#NUM!
#NUM!
#NUML
#NUM!
#NUML
148
15.18
15.36
1554
15.70
1585
1590
16.13
1626
16.38

Wind speed
in feled gap

(ms)

#NUML
#NUML
#NUM!
#NUML
#NUM!
#NUML
#NUML
#NUML
#NUML
#NUML
#NUM
1498
15.18
15.36
1554
1570
1585
1599
16.13
1626
16.38

Wind speed
replanted

Forestry Area 4
Min

Wind speed Wind speed
upwind of at back of
(m forest (m
&)

#NUML

#NUML

#NUML

#NUML

#NUM

#NUML

#NUML

#NUML

#NUML

#NUML

#NUML

1498

15.18

15.36

1554

1570

1585

1599

16.13

1626

16.38

Wind speed
in feled gap

(ms)
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#NUML
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#NUML
1498
15.18
15.36
1554
1570

1585

Wind speed
replanted

Wind speed Wind speed

upwind of at back of
sty (m forest  (m
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Wind speed
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(ms)
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Forestry Area 5

v ind speed d specd . Nind speed

ind speed  Wind spy

upwindof  at back of ind spe
[ (

) e v ) e ver
infelled gap _replanted infelled gap _replanted infelled gap _replanted
£ )yt m LM ms) m = oy

ANUML ANUME ANUMLANUME #NUML
ANUML #NUME ANUML #NUME #NUM!
ANUML ANUME ANUML #NUME E #NUM!
ANUML ANUME ANUML ANUME #NUML
ANUML ANUME ANUML #NUME 9 #NUML
ANUML #NUME ANUML #NUME #NUML
ANUML #NUME ANUML UM #NUM!
ANUML ANUME ANUML ANUME #NUM!
#NUM! ANUML ANUME #NUM!
#NUM! ANUML #NUME #NUM!
#NUM! ANUML UM #NUM!

14,
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1
18
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1
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1
1
1

2010 2010 2010 2010
0.12 2012
2015
2018
2020
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Gains due to site improvement
Note: Note,

The new equations

00

 Final report)

project, The IPCC methodology s included because it s the estabished approach, athough it

Selected Methodology

Type of peatland =

Not: Wethar eniasions ffom ac bog. Equeton derved by rgresson anlsis agaist 57
measurements (Nayak et al, 2008). The equation derived wa

R (11000) x (300  exp(-0.1234  (WK100)) 5 ((3.529 x 7 - 36.67))

where Ry s the ar of CH, emissions (£ CH,-C (ha)' yr-),

7= average annual air temperature (

Wis the water tabe depth ().

The equation shows a signiicant correlation with measurements (-
Evaleton agaa! 7 ndependant exgerivents shows a sigcant associaton (1~ 0,81; P>0.05) and an

0f 27 t GH,-C ha yr- (sianificance not defined due to lack of repicates - Smith et a, 1997)

Note: Memane S e T o T O SRR
from 35 mea: Nayak ot al, 200).

Ronae (Umoﬂ}x s 62 £ xp 0 09T (W x 1000662 5

Where R s the annua rate of CH, emissions (t CH.-C (ha)” yr),

aton showe s snifcant corlion wth messurements (2041, 2005
Evaluation against 7 indeper o v sepieant ason t-2569: P0.05)
o veroge Sror o 1647 G o (S ot o dus s ek o eplome- g o1 o1 1997)

= (3.667/1000)  ((6700  exp(-0.26 x exp(-0. us]s x (wvxmu) 50))+ ((72.54 % 7) - 800))
i is the annual rate of GO, emissions (t CO (ha) !

7= average annual peat lemperature (°C) and

wis

[Reduction in GHG emissions due to of site Expected result Minimum result Maximum result
\mprovementof...| Degraded Bog | Felled Forestry | Borrow Pits F::[’;:zz;‘:‘: Degraded Bog | Felled Forestry | Borrow Pits F::[’;:zz;‘:‘: Degraded Bog | Felled Forestry | Borrow Pits F::[’;:zz;‘:‘:

1. Description of site
Period of time when effectiveness of the improvement can be guaranteed (years) 2 2 2 40 2 2 2 40 2 2 2 40
|Area to be improved (ha) 0 0 0 0 0 0 0 0 0 0 0 0
|Average air temperature at site (°C) 10.1 10.1 10.1 10.1 10.1 10.1 10.1 10.1 10.1 10.1 10.1 10.1
Depth of peat drained (m) 0.34 0.34 0.34 0.34 0.34 0.34 0.34 0.34 0.34 0.34 0.34 0.34
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 (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
2 Losses with improvement
Flooded penod (days year™ 178 178 178 178 178 178 178 178 178 178 178 178
‘;l;ne required for hydrology and habitat to return to its previous state on restoration 2 2 s o 2 2 s o 2 2 s o
improved period (vears) 0 0 1 40 0 0 1 40 0 0 1 40
[Methane emissions from improved land
Site specific methane emission from improved soil on acid bogs (t CH,-C ha’ ! wr ‘) 0.499 0.499 0.499 0.499 0.499 0.499 0.499 0.499 0.499 0.499 0.499 0.499
Site specific methane emission from improved soil on fens (t CH-C ha™ yr ‘) 0.560 0.560 0.560 0.560 0.560 0.560 0.560 0.560 0.560 0.560 0.560 0.560
IPCC annual rate of methane emission on acid bogs (t CH,-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'") 0219 0.219 0219 0219 0219 0219 0219 0.219 0219 0.219 0219 0.219
Selected annual rate of methane emission (t CH,-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
[CH, emissions from improved land (t CO, equiv.) 0 0 0 0 0 0 0 0 0 0 [ [
Carbon dioxide emissions from improved land
Site specific CO, emission from improved soil on acid bogs (t CO; ha™ yr") 0.56 0.56 0.56 0.56 0.56 0.56 0.56 0.56 0.56 0.56 0.56 0.56
Site specific CO, emissions from improved soil on fens (t CO, ha™ yr') 573 573 573 573 573 573 573 573 573 573 573 573
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'') 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
O, emissions from improved land (t CO,) 0 0 0 0 0 0 0 0 0 0 0 [
[Total GHG emissions from improved land (t CO; equiv.) 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
‘;l;ne required for hydrology and habitat to return to its previous state on restoration 2 2 s 0 2 2 s o 2 2 s o
Improved period (vears) 0 0 1 40 0 0 1 40 0 0 1 40
[Methane emissions from unimproved land
Site specific methane emission from unimproved soil on acid bogs (t CH,-C ha™ yr') 0.499 0.499 0.499 0.499 0.499 0.499 0.499 0.499 0.499 0.499 0.499 0.499
Site specific methane emission from unimproved soil on fens (t CH,-C ha” yr") 0.560 0.560 0.560 0.560 0.560 0.560 0.560 0.560 0.560 0.560 0.560 0.560
IPCC annual rate of methane emission on acid bogs (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
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'') 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
[CH, emissions from unimproved land (t CO; equiv.) 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') 0.56 0.56 0.56 0.56 0.56 0.56 0.56 0.56 056 0.56 056 0.56
Site specific CO, emissions from unimproved soil on fens (t CO, ha™ yr') 573 573 573 573 573 573 573 573 573 573 573 573
IPCC annual rate of carbon dioxide emission on acid bogs (t CO, ha' yr') 3520 35.20 3520 35.20 3520 35.20 3520 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) 35.20 35.20 35.20 35.20 35.20 35.20 35.20 35.20 3520 35.20 3520 35.20
O, emissions from unimproved land (t CO,) 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
RESULTS
4. Reduction in GHG emissions due to f site
I 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 4 0 4 [
Reduction in GHG emissions due to improvement (t CO, equiv.) 0 [ 0 [ 0 [ 0 [ 0 0 0 0

fonal CO; payback time of windfarm due to

- coal-fired e\ecmcny generation (months) 0 [) 0 [) 0 [) 0 [ 0 0 0 [

grid-mix of electricity generation (months) 0 ) 0 ) 0 0 0 0 0 0 0 0
rsci o - e of oo ricity generation_(months) [ 0 0 [ 0 [ 0 [ [ 0 [ [

Click here to move to Payback Time

Gains due to site improvement
Note: Note,

The new equations
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The equation shows a signiicant correlation with measurements (=
Traieton sgahet 20 ncoperdars evptmans shews s SgnTcant seeocalion (3021 P>0.08) and
werage error of 3023 t CO, ha'yr which is non-significant (P<0.05) (Smith et a, 1897).

=053 P> 0.0

Note: Carbon doxide emissions from fons. Equalion derived by regression analyss against 44
oo Lkt ! 250 oo e v
T O B T )
uhere Rcos s the annua rats of CO, emissions (tCO; (ra)

T = average amual peal femperaiurs (C) and

wis
Tho equaion shows a signficant correlation with measurements (= 0.42, P>
Eeiaton sl 15 ngaperant sostimens Shows » Sgnlcan assodaton (2-0.6; P2005)and

n average errorof 2108 { GO, ha- yr* (sigiicance not dfined due o lack of replcates-Sith et a, 1997)

[Note: Methane emissions from acid bogs. As above
[Note: Methane emissions from fens. As above!

[Note: CO; emissions from acid bogs. As above
[Note: CO, emissions from fens. As above
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Frequently Asked Questions

Click here to email question

CORE INPUT DATA

Cameron Mclver (Cameron Ecology Ltd)

Question:
Response:

The note on “extra capacity required for backup (%)” suggests there is a choice of % capacity or % output — I'm not clear how you know which you have chosen.
The note is misleading. The number that should be entered is the percentage of the actual output of the windfarm (MWh yr '1) that is required for backup. Text has been added to the note to clarify
this.

Stephen Lockett (AECOM)

Question:

Response:

Question:
Response:
Question:
Response:
Tanya Ogilvy (SEPA)

Question:
Response:

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

We have reviewed the guidance but are still unsure of what this variable means. We have used a standard input of 100m but the sheet appears to be extremely sensitive to this variable and we
have limited confidence on the value chosen. The note in the cell refers to obtaining data on the ground water level but | am unsure how this relates to extent of drainage around drainage
features.

Average extent of drainage around each drainage feature can be measured following the method by Stewart and Lance (1991). In order to determine the extent of drainage, the undrained water
table depth, and the 95% confidence interval of the measurements are needed.

Possible approach:

1. Install a series of dipwells or boreholes both upslope and downslope from the drainage feature.

2. In the first instance, assume that all dipwells are from undrained areas of the site. This incorrect assumption is used to initialise the iterative process that calculated the water table depth of the
undrained soil.

3. For a particular sampling occasion, calculate the mean water table depth and 95% confidence interval from all the available data.

4. Assume all dipwells with water table depths deeper than the calculated mean water table depth plus the 95% confidence interval are within the area that is drained by a ditch and so exclude
these from the calculation.

5. Calculate a new mean water table depth and 95% confidence interval using only data from undrained area.

6. Repeat the process until the calculation of the mean water table depth and 95% confidence interval has stabilised, and no further data points need to be excluded. This gives the water table
depth of the undrained soil.

7. The distance from the drain to the first dipwell where the water table depth of the undrained soil occurred (to within the 95% confidence interval) can then be assumed to be the total extent of
the drainage impact.

Our drainage strategy is to mimic the existing drainage patterns as closely as possible by intercepting surface run-off and discharging at regular intervals downstream of the tracks back onto
natural ground. As such, is there an argument this value could be effectively zero?

No — removing water increases the drainage of the site, and this needs to be accounted for. However, if you are following existing drainage patters, it will be easier to determine the extent of
drainage because the drains are already established.

For our example site there is a significant difference in pay back when using site specific and IPCC default values (ranging from 3 to 15 years). Would you be able to provide a brief description of
what is being ignored when selecting IPCC default?

The IPCC default takes no account of the previous condition of the site. It provides the result for a typical acid bog or fen across Europe.

Therefore, if you are working with an unusually pristine peat or a badly drained peat, you would expect the result to be very different to the average.

5c. Volume of peat drained

Stephen Lockett (AECOM)

Question:
Response:

Our new drainage will be surface swales above the ground water table so should not have any effect on the ground water table.

If the surface swales will just convey storm water that would not otherwise have percolated into the soil, these swales will have no impact on the water table of the soil profile, but will only impact
the water that would have runoff the surface, causing erosion. However, if the swales also reduce the amount of water entering the soil profile, then they could have an impact on the wetness of
the soil. This should really be accounted for in the calculation. However, there is nothing to describe this in the carbon calculator, so you would be justified in neglecting this effect but need to
indicate this in the notes.

5e. Emission rates from soils

Stephen Lockett (AECOM)

Question:

Response:

Rate of carbon dioxide emission
We would expect the rate of emission in undrained soil to be worse than the rate in drained soil. This is only the case when the ground water level is very shallow. Does the output define ‘drained
soil’ as soil which is being drained by our engineering activities and ‘undrained soil’ as excavated soil which was dry to start with?

| think the confusion comes about due to the definition of terms.

The “drained soil” refers to the soil after it has been drained for the windfarm development. The “undrained soil” refers to the soil before it was drained for the development. This doesn’t refer to
the status of the site before the development. Agreed, where a “drained site” refers to a site that has already been drained for a number of years, much of the labile carbon would already have
been lost, and so losses due to the windfarm construction would be much less than the losses from an “undrained site” where the peat was still in pristine condition.

Worksheet 5e calculates the rate of emissions of CO2 and CH4 for the soil

1. when drained (ie dry soil);

2. when undrained (ie wet soil).

In a drained (dry) soil, we expect high rates of CO2 emissions and low rates of CH4 emissions.

In an undrained (wet) soil, we expect high rates of CH4 emissions and low rates of CO2 emissions.

These rates are then used in sheet 5d to calculate the net GHG emissions (in CO2 equivalents) attributable to the windfarm development. This is taken as the difference between the losses
following drainage for the development and the losses that were occurring before the soil was drained for the development. Because the net emissions are usually higher in the drained (dry) soil
than in the undrained (wet) soil, the net emissions due to draining the site usually come out as positive. If we were to compare a “drained site” and an “undrained site” in sheet 5d, the net CO2
emissions calculated for the drained site would be much less than for the undrained site because a smaller volume of soil is being further drained by the development.




CHANGES IN VERSION 2.10

Payback Time and COz emissions
Payback Time and CO2 emissions

=E$31/Eq chanqed to =E$31/Dg
Similar to above

Cells Change Thanks to...
Core input data C31,E31,F31 Redundant input for soil pH removed Ffion Causer, Natural Power
Forestry input data Different areas of forestry included N/A
Construction input data Different areas of construction included
1. Windfarm COz2 emission savings Different areas of forestry included
2. CO2 loss due to turbine life Different areas of construction included
5a. Volume of peat removed Different areas of construction included
7ii. Forestry CO2 loss - detail Different areas of forestry included
7a. C sequest. in trees (3PG) Different areas of forestry included
7d. Wind speed ratios Different areas of forestry included
CHANGES IN VERSION 220

Cells Change Thanks to...
Construction input data €28, Cag.... "Volume cement..." changed to "Volume concrete..." Marianne Brownlee, Arcus Renewable Energy Consulting Ltc
1. Windfarm CO2 emission saving Fa9 =IF(F19=1,365*24*F11*F10%G21/100,5UM(149,L49,049,R49,U49)) changed to Cameron Mclver, Cameron Ecology Ltd
=IF(D19=1,365*24*F11*F10% SUM(149,L49, 049 R0, U49)
CHANGES IN VERSION 2.30
Cells Change Thanks to...
5a. Volume of peat removed F23 =IF(‘Core input data'lC48=1,'Core input data'!C51,'Construction input data'ID17) changed to Stuart McGowan, Golder Associates
=IF('Core input data'IC48=1,'Core input data'lC4g,'Construction input data'D17)
5a. Volume of peat removed G23,H23 Similar to above
5a. Volume of peat removed Fag =IF(‘Core input data'lC48=1,'Core input data'!C52,'Construction input data'lD18) changed to
=IF('Core input data'lC48=1,'Core input data'!C50,'Construction input data'D18)
52. Volume of peat removed Ga4,Hat, Similar to above
CHANGES IN VERSION 2.40
Cells Change Thanks to...
5c. Volume of peat drained F33 =(sCg+F31+5Cg)*(sCo+F32+8C)-(F31*F32) changed to Stuart McGowan, Golder Associates
=IF(F23>0,(8Cg+F3145C9)*(sCo+F32+5C9)-(F31*F32),0)
5¢. Volume of peat drained G33-T: Similar to above
CHANGES IN VERSION 2.50
Cells Change Thanks to...

7. Forestry CO2 loss - detail Fs5 =F50*F53/F54 changed to =IF(F50>0,F50*F53/F54,0) Jenny Sneddon, AMEC
i Forestry CO2 loss - detail Go5-Tss Similar to above
7. Forestry CO2 loss - detail F46 =IF(F35="Yes", F44*F45, 0) changed to =IF(F35="Yes",IF(F39>0, F44*F45, 0),0)

i Forestry CO2 loss - detail G46-T46 Similar to above
i Forestry CO2 loss - detail F63 =(F57*'Core input data'lsE41)-F62 changed to =IF(F55>0,(F57+'Core input data'lsC41)-F62,0)

. Forestry CO2 loss - detail G63-T63 Similar to above
i Forestry CO2 loss - detail G38 ='Forestry input data'!sF3g changed to ='Forestry input data'lsH3g
i Forestry CO2 loss - detail 138,M38,P38,538 Similar to above
i Forestry CO2 loss - detail H38 ='Forestry input data''sH3g changed to ='Forestry input data'lsF3g
i Forestry CO2 loss - detail K38,N38,038,T38 Similar to above
i Forestry CO2 loss - detail D66 =D17+D24+D32-D47-D63 changed to =D17+D24+D32-E47-E63
i Forestry CO2 loss - detail G66, J66, M66, P66, 566 Similar to above
7. Forestry CO2 loss - detail E66 =E17+E24+E32-E47-E63 changed to =E17+E24+E32-D47-D63
ii. Forestry CO2 loss - detail H66, K66, N66, Q66, T66 Similar to above
5. Volume of peat drained Cs4 ='Core input data'lC68 changed to ='Core input data'lC70 SEPA
5c. Volume of peat drained Dss, Ess Similar to above
5c. Volume of peat drained D48 ='Core input data'lCs65 changed to ='Core input data'lEs65
5c. Volume of peat drained E48 Similar to above
5c. Volume of peat drained G33 =IF(G2350,(5C9+G31+5C0)*($C9+G32+5C0)-(G31%G32),0) changed to

=IF(G23>0,(8d9+G31+5dg)*($d9+G32+$dg)-(G31%G32),0)
5¢. Volume of peat drained 133,M33,P33,533 Similar to above
5c. Volume of peat drained H33 =IF(H2350,(sCg+H31+8C0)*(sCo+H32+5Co)-(H31%H32),0) changed to

=IF(H23>0,(seg+H31+5e9)*(seg+H32+$e9)-(H31*H32),0.
5¢. Volume of peat drained J33,M33,P33,533 Similar to above
CHANGES IN VERSION 2.60

Cells Change Thanks to...

Payback Time and CO2 emissions D33 =Ds31/Dg changed to =Ds31/E9 Sarah Lister, Natural Power
Payback Time and CO2 emissions D34,035 Similar to above

D43, E43

Similar to above

Payback Time and CO2 emissions D31 =D1g+D25 changed to =D1g+E25
Payback Time and CO2 emissions E3 =E19+E25 changed to =E19+D25
6. CO2 loss by DOC & POC loss Ca1 Contents deleted Ffion Causer, Natural Power
6. CO2 loss by DOC & POC loss D11, Ean Similar to above
6. CO2 loss by DOC & POC loss C26 =(Cg+C22+Ca3+Ca4+Ca5+(C10+Ca7+C28+C29+C20)/C22)/3.66 changed to
=((Cg+C12+C13+C14+C15)[3.66)+(((C10+C17+C18+C19+C20)/C21)*(12/16))
6. CO2 loss by DOC & POC loss D26,E26 Similar to above
Do I need to use this tool Wording changed to clarify that the tool SHOULD be used with highly organic soils, but COULD SEPA
also be used with sites underqoing drainage or deforestation
Core input data G2 Setto 25 and fixed to comply with planning applications for Section 36 (planning period = 25
years)
Core input data Row 25 Average depth of peat at site not used - therefore removed
1. Windfarm CO2 emission saving D48 Set to AVERAGE 148,M48,P48,548) to ensure a value is providec
1. Windfarm CO2 emission saving E37 24%365*D11 changed to 24*365%E11 Sarah Lister, Natural Power
1. Windfarm CO2 emission saving F37-U37 Similar to above
5e. Emission rates from soils C34 =C28/(C27%10000) changed to =MAX(C28/(C27*10000),C33) Ffion Causer, Natural Power
e Emission rates from soils D34, E34 Similar to above
CHANGES IN VERSION 270 -
Cells Change Thanks to...
8. CO2 gain - site improvement C63 =-12*C61/'12. Windfarm CO2 emission saving'!'sDs4 changed to =-12*C60/'12. Windfarm CO2 Sarah Lister, Natural Power
i i D54
D63-N63 Similar to above
C64 =-12*C62/'12. Windfarm COz2 emission saving''sD54 changed to =-12*C60/'1. Windfarm CO2
D64-N64 Similar to above
Core input data C74 Volume of additional peat excavated added to make the calculation more generalisec Rob McCall, Countryside Council for Wales
E74, G74 Similar to above
< Area of additional peat excavated added to make the calculation more generalise¢
E75,G75 Similar to above
5a. Volume of peat removed Row 64 - 67 Extra lines added to show the additional peat excavated in this sheet
[ =C14+C27+C39+C62 changed to =Ca4+C27+C39+C62+C65
D70, E70 Similar to above
<2 =C13+F26+F38+C61 changed to =C13+F26+F38+C61+C66
Core input data 872 “Depth of cable trenches" change to "Average depth of peat cut for cable trenches (m)" to
avoid i of peat affected by cable trenches in shallow peats
Core input data Row 91 New input: Water table depth in borrow pit before restoration Sarah Lister, Natural Power
Row g5 New input: Water table depth around ions and before
8. CO2 gain - site improvement Row 15 Deleted
Cag (previously C26) ='Core input data'lC45 changed to ='Core input data'lCg1
I15, M5 Similar to above
D5 (previously D16) ='Core input data'lC5o changed to ='Core input data'lCgs
J1s, N1 Similar to above
5d. CO2 loss from drained peat 3 =C8*%(C35+C36)*((C42%C34))/365 changed to =C8*(C35+C36)*((C42*(365-C34)))/365 University of Aberdeen




CHANGESIN VERSION 272

Cells Change Comment Thanks to...
8. CO2 gain - site improvement 3 ='Core input data'lC80 changed to =IF('Core input data'lC81>'Core input data'lC82,'Core input Ffion Causer, Natural Power
data'lC80,0)
Ga3, K13 Similar to above
13 ='Core input data'lC85 changed to =IF('Core input data'lC86>'Core input data'lC87, 'Core input
data'lC8s,0)
Haz,L13 Similar to above
£13 ='Core input data'lCgo changed to =IF(Core input data'lCg1>'Core input data'lCg2, 'Core input
data'lCg0,0)
123, M13 Similar to above
F13 =5c. Volume of peat drained!C34/20000 changed to =IF(‘Core input data'lCgs>'Core input
data'lCo6,'5c. Volume of peat drained1C34/20000,0)
Ja3, Na3 Similar to above
CHANGESIN VERSION 2.80
Cells Change Comment Thanks to...
5¢. Volume of peat drained Rows 67-76 Inserted rows to included additional excavated peat in volume of peat drained Include additional excavated peat  Susana Sebastian, SEPA

C67-C68; D67-D68; E67-E68  Title lines

=Core input data'lC74.

D69,E69 Similar to above
o =Core input data'lC7s
D70,E70 Similar to above
28 =IF(C70>0,C69/C70,0)
D71,E7 Similar to above
72 =SQRT(C70/PI())
D72,E72 Similar to above

3 =C72+Cy

in volume of peat drained

D73,E73 Similar to above
Cr4 =(PI)*C73*C73)-C70
D74,E74 Similar to above
75 =Cr4*Cra
D75,E75 Similar to above
C79 =C28+C34+C57+C64 changedto =C18+C34+C57+C64+Cr4
D79,E79 Similar to above
C8o =C19+(35+C58+C65 changedto =C19+C35+C58+C65+Cr5
D80,E80 Similar to above
7ii. Forestry COz loss - detail F62 =F60*F61 changedto =F60*F61*F5s5 Calculation of emissions Susana Sebastian, SEPA
associated to the transport of
wood to biomass plant should
G62-T62 Similar to above account for number of trips to
Forestry input data C23 Units changed from g CO2km™ to g CO2km™t* plant
Core input data Row 25 Insert input for average depth of peat at site Limit improvements following Susana Sebastian, SEPA
8. CO2 gain - site improvement Row 15 Insert average depth of peat at site restoration to the depth of the

Ci5 ='Core input data''C25
Da5-Nas (excl. E1s, 115 & M1s) Similar to above

2% ='Core input data''C46

115,M15 Similar to above

6 Coreinput data'lC82 changedto =IF(‘Core input data'lC82<C15,'Core input data'lC82,C15)
D16-N16 Similar to above

cy ='Core input data''C83 changedto =IF('Core input data"lC83<C1s, 'Core input data''C83,C15)
D17-N17 Similar to above

[ C12-C20 changedto =IF(C12-C2050,C12-C20,0)

D21-N21 Similar to above

peat

Core input data
8. CO2 gain - site improvement

Rows 85, 91, 97 Insert period of time when the improvement can be guaranteed to work (years)
C12 ='Core input data''C12 changed to ='Core input data'lC85

Improvements in C sequestration
should continue for as long as the

Rob McCall, NRW

D12-N12 (excl. E12, 122 & M12) Similar to above

can be
Include calculation of ratio of soil

Payback Time and CO2 emissions Row 37 Insert ratio of soil carbon loss to gain by restoration Rob McCall, NRW
<72 =IF(C26<0,-(C17+C18)/C26,0) losses to gains
D637,E37 Similar to above
Payback Time and CO2 emissions. Row 38 Insert ratio of C emissions to power generation Include calculation of C emissions  Susana Sebastian, SEPA
8 =(C20+C26)*1000000)/(C12*1000) to power generation
D637,E37 Similar to above
5. Loss of soil CO2 D11 =D8+Dg changedto =MIN(D8+Dg,E8+Eg) Correct use of minimum and Peter Batten
En =E8+Eg changedto =MAX(D8+Dg,E8+Eq] maximum wrt water table depth at
5e. Emission rates from soils D31 =Core input data'!E24 changedto ='Core input data'lG2s, very low depths.
E31 Core input data'lG24 changed to ='Core input data'lE24
D33 ='Core input data'!E28 changedto ='Core input data'lG28
E33 ='Core input data'lG28 changedto ='Core input data'lE28
8. CO2 gain - site improvement G17 =IF('Core input data'lE83<Gas, Core input data'lE83,G15) changed to =IF('Core input Correct use of minimum and Jo Smith, University of Aberdeen
data'lG83<Gas,'Core input data'lG83,G15) maximum depth of water table
Haz-Ja7 Similar to above after restoration
Ka7 =IF('Core input data'lG83<K15,'Core input data'lG83,K15) changedto =IF(‘Core input
data'lE83<Kas,'Core input data'lE83,K15)
L17-Na7 Similar to above
8. CO2 gain - site improvement G2 ='Coreinput dataE85 changedto ='Core input data'G85 Correct use of min/max period  Jo Smith, University of Aberdeen
Hi2-J12 Similar to above when restoration can be restored
K12 ='Core input data'lG85 changedto ='Core input data'E85
L12-N12 Similar to above
8. CO2 gain - site improvement C34 =IF('Core input data'lsCs112=2,'8. CO2 gain - site improvement'!C30,'8. CO2 gain - site Correct selection of emission Elizabeth Keen, Peter Brett Associates LLP
improvement'!C32) changedto =IF(‘Core input data'!sCs112=2,IF(‘Core input factor when soil type is fen
data'lsCs23=1,C30,C31), IF(‘Core input data"lsC$23=1,C32,C33))
D34-N34 Similar to above
[ =IF(‘Core input data'lsCs112=2,'8. CO2 gain - site improvement'lC49,'8. CO2 gain - site
improvement'ICs1) changed to =IF('Core input data'lsCs112=2,IF('Core input
data'sCs23=1,C49,C50),IF('Core input data'lsC$23=1,C51,C52))
Ds3-Ns3 Similar to above
CHANGES IN VERSION 290
Cells Change Comment Thanks to...
Core input data Bo4 "Water table depth in borrow pit before restoration (m)" changed to "Depth of water tablein  Confusing wording as water table  Clare Wharmby - Carbon Forecast
borrow pit before restoration with respect to the restored surface (m)" depth may always be entered as
B9s “Water table depth in borrow pit after restoration (m)" changed to “Depth of water tablein  zero,
borrow pit after restoration with respect to the restored surface (m)"
8. CO2 gain - site improvement C47 =(23*16/22)*C$23*C$40*C46*(C$29/365) changed to Error in formula using the Elizabeth Keen - Peter brett Associates
=(23*16/12)*Cs13*C540*C46%(C538/365) improved flooded period instead
of the unimproved flooded period
D47-N47 Similar to above
7c. Average stand data Rows 13-29 Stand data extended from 17 year to o years If forest stand is less than 17 years  Brenda Park - AMEC
old, the calculations fail
Rows 168-86 Similar to above
7ii. Forestry CO2 loss - detail F31 =IF (F29>0,IF(F27="Deep Peat",(VLOOKUP(F29,7c. Average stand data'sDs87:$G$118,3)),
(VLOOKUP(F2g,'7c. Average stand data'l$D$30:5G$63,3))),0) changed to
=IF(F29>0,IF(F27="Deep Peat",(VLOOKUP(F29,'7c. Average stand data'sDs68:5G$118,3)),
G31-T31 Similar to above
7ii. Forestry CO2 loss - detail G35 =IF(Forestry input data'sF$33=1,"Yes", "No") changed to =IF(Forestry input Use of felled wood as biofuel not  Jo Smith - University of Aberdeen

data'lsDs33=

"Yes", "No")

H35,J35,K35,M35,N35,P35,Q3 Similar to above

correctly read in min and max
calculations

5,535,135
7ii. Forestry CO2 loss - detail F16 ='7a. C sequest. in trees (3PG)!sFs24 changed to =IF(F12>0,7a. C sequest. in trees Avoid #NA Claire Frost - AECOM
(3PG)'Fs24,0)
G16-T16 Similar to above

Forestry input data

Note: Emissions from felling o en

and timber removal.

“the emissions are 66579 CO, m™ changedto "the emissions are 6675 g CO, m

Jonathon Davison - Mott MacDonald

Forestry input data

Note: Emissions associated
with transportation

3933000 g CO, km (range 3850000 — 4015000 g CO, km - average = 39.33 g CO, km™ t™)"

changedto "39.339 CO, km™t” (range 38.5 - 40.15 g CO, km™ t* - average = 39.33 g CO, km™ t

Jonathon Davison - Mott MacDonald

oy

Payback Time and COz emissions a7 =IF(C26<0,-(C17+C28)/C26,"No gains!") Ensure no restoration is Sarah Lister, Natural Power
D637,E37 Similar to above i as no gains rather than

Payback Time and COz emissions 38 =((12/44)*(C20+C26)*1000000)/(C12*1000) Expressratio as CO2 rather than C  Sarah Lister, Natural Power
D637,E37 Similar to above emissions to power generation




CHANGES IN VERSION 2100

D38
C38,E38

=((D20+D26)*1000000)/(D12*1000) changed to =(D32%1000)/(E12)
Similar to above

Error in min / max calculation

Cells Change Comment Thanks to...
8. CO2 gain - site improvement K13 =IF(‘Core input data'lG82>'Core input data''G83,'Core input data'lG81,0) changed to =IF(Core  Change to correct test for Sarah Lister, Natural Power
input data’lG82>'Core input data'lE83,'Core input data'lG81,0) improvement in restored area
L3-N13 Similar to above
G13 =IF(‘Core input data'lE82>'Core input data'lE83,'Core input data'!E81,0) changed to =IF(Core
input data'lE82>'Core input data'lG83, 'Core input data'lE81,0)
Hi3-J13 Similar to above
Payback Time and COz emissions B22 “8a. Gains due to improvement of degraded bogs" changed to "8a. Change in emissions due toConfusion over labelling of "gains"  Sarah Lister, Natural Power
improvement of degraded bogs" due to restoration and
improvement
B23-B26 Similar to above

Peter Batten

E103, G103, C107, E107, G107

Similar to above

1. Windfarm CO2 emission saving H39 ='Forestry input data'lsF28 changedto =G3g9 The power curve code for Minand  Carlos Ruiz, SEPA
Max were not correctly retrieved,
because the dropdowns located in
139-U3g Similar to above the tab Forestry Input Data cells
F28 and H28 do not have any value
associated to them.
Hyo =OFFSET($Ds24,H39,2) changed to =OFFSET(sDs24,H30,2) Column in offset incorrectly
140-Ug0 Similar to above specified
Hag =OFFSET($Ds24,H39,4) changed to =OFFSET(sDs24,H39,5) Column in offset incorrectly
140-Ugo Similar to above specified
() =24*365%G11%G10*G48/100 changed to =IF(G10<=0,0,24*365*G11*G10%G48/100)
Incorrect calculation of annual
- energy output when less than 5
Haglig simiartosbove Sreas of fresta nclude
2. CO2 loss due to turbine life C19-T1g 0.173 changed t0 0.316 The emission rate of 173kg/im3is  Carlos Ruiz, SEPA
the rate for "mass foundations"
However foundations for wind
turbines are reinforced, so the rate
i changed to that for Reinforced
Foundations, and revised to the
new emission rate, from the Table
7in
http://www.concretecentre.com/s
ustainability/energy_efficiency/em
hadied cos asnx
C23 =IF(‘Core input data'lsCs20=1,5C+C20,5C13+C20) changed to =IF('Core input Direct input of emissions includes
data'l$Cs20=1,5C9,5C13+C20) cement already
D23-E23 Similar to above
5a. Volume of peat removed F26 =F20*((F23*F24)+(F22*(F21-F23)/2)+(F21*(F22-F24)/2)+((F21-F23)*(F22-F24))/2) changedto  Error in formula Carlos Ruiz, SEPA
=IF(F25>0,(F20%(F25/3 * (F21#F22 + F23%F24 + SQRT(F21*F22*F23%F24))))/F25,0)
G26-T26 Similar to above
5¢. Volume of peat drained Q4 =C33*C23 changed to =F34+134+134+034+R34 Carlos Ruiz, SEPA
D34-T34 Similar to above
Cs5 ='Core input data'lC70 changedto =C52*(Cg+Cg)
Ds5-Ess5 Similar to above
] =C72+Cg changed to =IF(C70>0,C72+C9,0)
D73-E73 Similar to above
5d. CO2 loss from drained peat Ci3 =C8*(C35+C36)*((C42*(365-C34)))/365 changed to Accounts for emissions during Carlos Ruiz, SEPA
=C8*(C35+C36)*((C42*C34)/365)+(C29*(365-C34)/365)) both flooded and unflooded times
of the year in an undrained soil
D43,E43 Similar to above
=C8*(C35+C36)*C39*((C38*C34))/365 changed to
=C8*(C35+C36)*C39*(((C38*C34)/365)+(C25*(365-C34)/365))
D40,E40 Similar to above
Dso =D47-D48 changed to =IF(D47-D48<E47-E48,D47-D48,E47-E48) Protection against unusual Carlos Ruiz, SEPA
conditions that result in incorrect
order for min and max calculations
Eso Similar to above
5e. Emission rates from soils D31 ='Core input data'lG24 changedto ='Core input data'lE24 Correction from previous minjmax  Carlos Ruiz, SEPA
change
E31 ='Core input data'lE24,_changedto_='Core input data'lGay,
Core input data Ca03 =IF(C205=2,IF(C106=2,2,1),1) changed to =IF(C105>1,IF(C106>1,2,1),1) Carlos Ruiz, SEPA

7a. Csequest. in trees (3PG)

E24

F24, G24, E25-G25, E26-G26

Correction to avoid error when
some areas of foresttry are not
filled.

=AVERAGE(F24,124,124,024,R24) changed to TE(,6,F 24,124, 124,024 R24)

Similar to above

Carlos Ruiz, SEPA

C20, (34, C41, Css, C62, C76,

removed when constructing foundations (m)"
Similar to above

clarity of input data

F25 =VLOOKUP(F15,$C62:5AQ212,9,TRUE) changed to =VLOOKUP(F15,$B62:$AQ212,10,TRUE)  Correction to formula so that it
looks in the age column
Ga5-T2g Similar to above
F26 =SUM(OFFSET((INDIRECT(ADDRESS(MATCH(F19,$B62:$B112,0)+61,9,4)))),0,2, F19,1)) Change to correct lookup of net
changed to =SUM(OFFSET((INDIRECT(ADDRESS(MATCH(F18,5B62:5B112,0)+61,9,4)))),0,1, primary production of replanted
forestry
G26-T26 Similar to above
7d. Wind speed ratios Insert row 9 Years after planting when felling occurs Changes to calculate final height  Carlos Ruiz, SEPA
Cy ='Forestry input data'D4a of replanted forestry by
D9-Qg Similar to above accounting for years after felling
Insert row 10 Age of seedings on plant (yr) when replanting occurs and age of
C10 ='Forestry input data'D42 seedlings as well as lifetime of
D10-Q10 Similar to above windfarm - previously only
Ca =VLOOKUP(Ca1,'7¢. Average stand data'!sD$30:5Hs63,2, TRUE) changed to =VLOOKUP(C11-  accounted for lifetime of
Cg+C10,7¢. Average stand data'lsDs30:5Hs63,2, TRUE] windfarm.
D21-Q21 Similar to above
C22 =OFFSET('7c. Average stand data''sD30,C8-'7c. Average stand data''sD30+C11,1,1) changedto Change to allow for normal
=IF(C8+Ca1<=50,0FFSET(7c. Average stand data'lsD30,C8-'7c. Average stand harvesting of forestry during the
data’lsD30+C11,1,2),OFFSET('7c. Average stand data'!sD30,C8-'7c. Average stand lifetime of the windfarm
data'l$D30+C11-50+C10-C9,1,1))
D22-Q22 Similar to above
Cs52 =IF((0.75+0.03*(LN(C43/C44)))*C44*POWER(C18/C44,0.8)+C46<C49,(0.75+0.03*(LN(C43/C44) Changes to correct formula for
)*C44*POWER(C28/C44,0.8)+C46,C49) changed to height of new internal boundary
=IF((0.75+0.03*(LN(C42/C44)))* C44*POWER(C18/C44,0.8)+C46<C49,(0.75+0.03*(LN(C42/C44 layer over forest - previously used
))*C44*POWER(C18/C44,0.8)+C46,C49) roughness of group in gap instead
D52-052 Similar to above of roughness of ground in forested
area
Cs4 =IF((0.75+0.03*LN(C44/C43))*C45*POWER(C19/C21,0.8)+C47<C49,(0.75+0.03*LN(C44/C45))*  Changes to correct the calculation
C45*POWER(C19/C45,0.8)+C47,C49) changed to of height of boundary layer in
=IF((0.75+0.03*LN(C44/C45))*C45*POWER(C19/C45,0.8)+C47<C40,(0.75+0.03*LN(C44/C45))*  replanted area
C45*POWER(C29/C45,0.8)+C47,C49)
Ds4-Qsy Similar to above
Construction input data C13 “Depth of hole dug when constructing foundations (m)" changed to "Average depth of peat Changes in wording to improve Carlos Ruiz, SEPA

Hso

Similar to above

€83, Co7, C104
1. Windfarm CO2 emission saving H17 ='Core input data'lsCs41 changed to ='Core input data'lsEs41 Correction of error Carlos Ruiz, SEPA
D48 ~AVERAGE(G48,J48,M48,P48,548) changed to ~AGGREGATE(1,6,G48,J48,M48,P48,548)  Changes to average capacity Jo Smith, University of Aberdeen
factor only over forestry areas that
E48,F48 Similar to above have valid data
2. CO2 loss due to turbine life Dy ='Core input data'!E21%D12*'Core input data'!E14*'2. Windfarm CO2 emission saving'D48/200 Changed so that minimum and Carlos Ruiz, SEPA
changed to ='Core input data"E21*D12*'Core input data'lE14*'1. Windfarm CO2 emission maximum emission factors are
saving'!E48/100 used
Eg Similar to above
Forestry input data F31 Dropdown menu linked to cell D31 Change to set soil type in forestry  Carlos Ruiz, SEPA
H31 Similar to above areas of exp., min and max to
F50 Dropdown menu linked to cell Dso same value




Fég

Dropdown menu linked to cell D6g

£62-N62;D63-N63;D64-N64

emission saving'lsEs3
Similar to above

counterfactual emission factors

Heg Similar to above
Fe8 Dropdown menu linked to cell D88
Hes Similar to above
F107 Dropdown menu linked to cell D10y
Hioz Similar to above
7ii. Forestry CO2 loss - detail F37 ='7a. Csequest. in trees (3PG)!sFs25 changed to ='7a. C sequest. in trees (3PG) IFs2c Change to correctly reference Carlos Ruiz, SEPA
Gy7-T3y7 Similar to above different forestry areas
F52 ='7a. Csequest. in trees (3PG)"!sF1g changed to ='7a. C sequest. in trees (3PG)'!F1c
G52-Ts2 Similar to above
Fs3 ='7a. C sequest. in trees (3PG)'F26 changed to ='7a. C sequest. in trees (3PG)'sF2¢
G53-Ts3 Similar to above
138 =‘Forestry input data'lsD3g changed to ='Forestry input data'lsDs8 Change to refer to different
138-T38 Similar to above forestry areas
D61 =Forestry input data'sD23/1000000 changed to ='Forestry input data'!sF23/1000000 Change to reference the correct
G61,J61,M61,P61,561 Similar to above cell
£61 =Forestry input data'’sD23/1000000 changed to ='Forestry input data'lsH23/1000000
H61,K61,N61,061,T61 Similar to above
G63 =IF(Gs5>0,(Gs7*Core input data'!s C41)-G62,0) changed to =IF(Gs5>0,(Gs7+Core input
data'lsE41)-G62,0)
H83-T63 Similar to above
Core input data E23 Menu linked to cell C23 Change to allow only one soil type  Carlos Ruiz, SEPA
G23 Similar to above
8. CO2 gain - site improvement D62 =-12*D60/1. Windfarm CO2 emission saving'sDs3 changed to =-12*D60/'2. Windfarm CO2  Change to allow use of different Carlos Ruiz, SEPA

CHANGES IN VERSION 2110

Core input data C27,€27,G27

Cell validated to be betweeen 0.01 and 1000

Avoids incorrect entry of zero for
extent of drainage

Cells Change Comment Thanks to...
5e. Emission rates from soils D21 =IF(‘Core input data'lD23=1,D11,D16) changed to =IF('Core input data'lC23=1,D11,D16) Peter Batten
E21 =IF(‘Core input data'lE23=1,D11,D16) changed to =IF(Core input data'lC23=1,D11,D16)
D22,E22,D23 E2: Similar to above
CHANGES IN VERSION 2120 -
Cells Change Comment Thanks to...

Carlos Ruiz, SEPA

to =Core input data'lC21*C12*'Core input data'lCa,

on capacity factor

Payback and CO2 emissions a7 =IF(C26>0,(C17+C18)/C26,"No gains!") changed to =IF(C26>0,(C17+C18)/C26,"No gains!") Error introduced by change in sign
of C26
D37 =IF(D26<0,-(D17+D18)/D26,"No gains!") changed to Error introduced by change insign  Alexa Morrison, RSPB.
of D26 plus correction in use of
minimum and maximum values
E37 Similar to D37
2. CO2 loss due to turbine life Cg,D9,E9 ='Core input data'lC21*C12*'Core input data''C14*'1. Windfarm CO2 emission saving'iD48/100  Corrected to remove dependence  Clare Wharmby

CHANGES MADE BY SEPA - REPLICATED IN VERSION 214

CHANGES IN VERSION 214.0

5a. Volume of peat removed

G37,H37
137

J37-T37

Change

=IF(sC$31=1,'Core input data'lCs4,'Construction input data'iD13) -> =IF(sCs31=1,'Core input
data'lCs4,'Construction input data'!D20)

Similar to above

=IF(sC$31=1,0,'Construction input data'lsD34) -> =IF(sCs31=1,0,'Construction input data'D41)

Similar to above

Comment

Correction to use depth of
hardstanding instead of depth of
foundations

Thanks to...
Clare Wharmby - Carbon Forecast




