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Information on the carbon calculator we developed for determining the carbon
impact of wind farm developments in Scotland.

Access the carbon calculator tool here

Background to the tool

The carbon calculator is our tool to support the process of determining wind farm
developments in Scotland. The tool's purpose is to assess, in a comprehensive and
consistent way, the carbon impact of wind farm developments. This is done by comparing
the carbon costs of wind farm developments with the carbon savings attributable to the
wind farm. The tool and supporting guidance material remain the property of the Scottish
Government.

The online carbon calculator

This latest version of the carbon calculator is a web-based application and central
database, where all the data entered in the carbon calculator is stored in a structured
manner. This web-based tool replaces all earlier versions of the Excel-based carbon
calculator. We commissioned it in response to feedback from stakeholders concerning
previous versions of the tool, under the guidance of a steering group with membership
including Scottish Government, Scottish Environment Protection Agency (SEPA), Scottish



Natural Heritage (SNH) and Forestry Research. Stakeholder engagement and feedback via
workshops, in the final stages of the tool's development, helped to further inform the final
design. Any queries regarding its use and functionality should be directed in the first
instance to the Energy Consents Unit.

The web tool incorporates high-level automated checking, detailed user guidance (within
the tool), cells for identification of data sources and relevant data calculations and
modifications required to the calculation method, at this time.

The improved ease of use will reduce the burden on developers as a consequence of the
increased user-friendliness and the more sophisticated entry checking and guidance. The
expectation is that this will reduce the number of resubmissions. The improved quality of
submissions will reduce the validation work required. It will allow developers to submit
carbon assessments and conduct initial carbon assessment screening tests on their
proposed developments online in a self-service manner. It will allow an aggregated picture
to be made of assessments (initial applications and re-applications) across Scotland.

Development of the carbon calculator

Originally published in 2008 with research report, Calculating carbon savings from wind
farms on Scottish peat lands: a new approach (Nayak et al, 2008), the calculator has been
refined on the basis of feedback and further research (Nayak et al., 2010 and Smith et al.,
2011) to be an even more effective tool. Version 2 of the calculator launched in June 2011.
The calculator was subsequently revised to include multiple regions for forestry and
construction. The last version of the Excel spreadsheet tool was 2.9.0.

Deployment and protocols for use

The web-based version of the carbon calculator has been available since 29 June 2016 to
support the carbon assessment of wind farm developments. The initial release was
referenced as C-CalcWebV1.0 and will continue to be referred to as the ‘carbon calculator’.
This web—based version of the carbon calculator superseded all previous Excel based
versions of the tool, and should be used for all appropriate applications which previously
would have used the Excel based tool. Any major updates and revisions of the tool (V2.0,
V3.0 etc) will be undertaken on an annual basis, with only absolutely necessary interim
‘minor’ patches (V1.1, V1.2 etc) being undertaken otherwise.

All new applications to the Energy Consents Unit should use the web-based tool or may be
subject to rejection. All applications submitted and received using the carbon calculator
may be subject to audit by the Scottish Environment Protection Agency. This is to ensure,
as far as possible, that the carbon calculator continues to be used appropriately. If an audit
highlights any issues, these will be raised with the applicant by SEPA such that they may be
addressed.



Carbon Calculator v1.6.1

Access tracks

Castlebanny Location: 52.423791 -7.133972
Springfield Renewables Ltd.
Core input data
Input data Expected
value

Windfarm characteristics

Dimensions

No. of turbines 21
Duration of consent (years) 35
Performance

Power rating of 1 turbine (MW) 5
Capacity factor 32.2
Backup

Fraction of output to backup (%) 5
Additional emissions due to reduced thermal 10
efficiency of the reserve generation (%)

Total CO2 emission from turbine life (tCO2 MW" Calculate wrt
N (eg. manufacture, construction, installed
decommissioning) capacity
Characteristics of peatland before windfarm development
Type of peatland Acid bog
Average annual air temperature at site (°C) 9.9
Average depth of peat at site (m) 0

C Content of dry peat (% by weight) 62
Average extent of drainage around drainage 5
features at site (m)

Average water table depth at site (m) 0.9

Dry soil bulk density (g cm™) 0.3
Characteristics of bog plants

Time required for regeneration of bog plants 5

after restoration (years)

Carbon accumulation due to C fixation by bog 0.5
plants in undrained peats (tC ha™! yr'1) '
Forestry Plantation Characteristics

Area of forestry plantation to be felled (ha) 82.88
Average rate of carbon sequestration in timber
(tCha™lyrT) 36
Counterfactual emission factors

Coal-fired plant emission factor (t CO2 MWh1) ~ 0.92
Grid-mix emission factor (t CO2 MWh1) 0.25358
Fossil fuel-mix emission factor (t CO2 MWh1) 0.45
Borrow pits

Number of borrow pits 3
Average length of pits (m) 155
Average width of pits (m) 123
Average depth of peat removed from pit (m) 0

Minimum
value

21
35

321

5
10

Calculate wrt
installed

capacity

Acid bog
9.8

0

61

1

0.8
0.2

0.24

80
3.5

0.92
0.25358
0.45

155
123

Maximum
value

21
35

32.3

5
10

Calculate wrt
installed

capacity

Acid bog
10

0

63

10

0.26

83
3.7

0.92
0.25358
0.45

155
123

Source
of data

Fixed

x X X X

X X X X



Expected

Input data
value

Total length of access track (m) 22500
Existing track length (m) 11400
Length of access track that is floating road (m) 0
Floating road width (m) 5
Floating road depth (m) 0
Length of floating road that is drained (m) 0
Average depth of drains associated with floating
roads (m)
Length of access track that is excavated road (m) 11100
Excavated road width (m) 55
Average depth of peat excavated for road (m) 0

Length of access track that is rock filled road (m) 0
Rock filled road width (m) 5
Rock filled road depth (m) 0
0
0

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

filled roads (m)

Cable trenches

Length of any cable trench on peat that does not
follow access tracks and is lined with a 0
permeable medium (eg. sand) (m)

Average depth of peat cut for cable trenches (m) 0
Additional peat excavated (not already accounted for above)
Volume of additional peat excavated (m3) 0
Area of additional peat excavated (mz) 0
Peat Landslide Hazard

Peat Landslide Hazard and Risk Assessments:

Best Practice Guide for Proposed Electricity
Generation Developments

negligible

Improvement of C sequestration at site by blocking drains, restoration of habitat etc

Improvement of degraded bog

Area of degraded bog to be improved (ha) 0
Water table depth in degraded bog before
improvement (m)

Water table depth in degraded bog after
improvement (m)

Time required for hydrology and habitat of bog
to return to its previous state on improvement 10
(years)

Period of time when effectiveness of the
improvement in degraded bog can be 25
guaranteed (years)

Improvement of felled plantation land

0

Area of felled plantation to be improved (ha) 0
Water table depth in felled area before 0
improvement (m)

Water table depth in felled area after 0

improvement (m)

Minimum
value
22300
11300
0

o o o wun

11000

o O o u1l o oW

negligible

0
0

10

20

Maximum
value

22700

11500

0

5.5

0

0

0

11200
5.5

0

0

940

0

0

0

negligible

20

30

Source
of data

X X X X X X X

X X X X X X X

Fixed



Input data

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

Period of time when effectiveness of the
improvement in felled plantation can be
guaranteed (years)

Restoration of peat removed from borrow pits
Area of borrow pits to be restored (ha)

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

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

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

Period of time when effectiveness of the
restoration of peat removed from borrow pits
can be guaranteed (years)

Early removal of drainage from foundations and
hardstanding

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

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

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

Restoration of site after decomissioning

Will the hydrology of the site be restored on
decommissioning?

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 the habitat of the site be restored on
decommissioning?

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

Methodology

Choice of methodology for calculating emission
factors

Expected Minimum Maximum
value value value
2 2 2
2 2 2
0 0 0
0 0 0
0 0 0
2 1 2
2 2 7
0 0 0
0 0 0
1 0.5 1.5
Yes Yes Yes
n/a n/a n/a
n/a n/a n/a
Yes Yes Yes
n/a n/a n/a
n/a n/a n/a

Site specific (required for planning applications)

Source
of data



Construction input data

Input data

Castlebanny

Number of turbines in this area

Turbine foundations

Depth of hole dug when constructing
foundations (m)

Aproximate geometric shape of whole dug
when constructing foundations

Diameter at bottom

Diameter at surface

Hardstanding

Depth of hole dug when constructing
hardstanding (m)

Aproximate geometric shape of whole dug
when constructing hardstanding

Length at surface

Width at surface

Length at bottom

Width at bottom

Piling

Is piling used?

Volume of Concrete

Volume of concrete used (m3) in the entire area

Expected
value

21

0.00001

Circular

30
26

0.00001

Rectangular

130
60
130
60

No

671

Minimum
value

21

0.00001

Circular

25
22

0.00001

Rectangular

100
50
100
50

No

670

Maximum
value

21

0.00001

Circular

30
30

0.00001

Rectangular

130
60
130
60

No

672

Source of
data

Drawings

Drawings

Drawings

Drawings

Drawings

Drawings

Drawings
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