
APPENDIX 13-2: THE SCOTTISH 
GOVERNMENT’S CARBON ASSESSMENT 
TOOL 

13-2 Methodology 

This carbon balance calculation uses The Scottish Government’s Carbon Assessment Tool 

(version 2.14.1), which is based upon the work of Nayak et al. (20081, 20102) and Smith et al. 

(2011)3. The latest online version of the Scottish Government Carbon Calculator Tool (version 

1.8.1) was unavailable during the course of this assessment while undergoing maintenance 

and a server upgrade. Version 2.14.1 of the Calculator was provided as an Excel spreadsheet 

calculator by the relevant case officer as a suitable alternative.  

The Carbon Assessment Tool adopts a lifecycle methodology approach to estimate the GHG 

emissions and savings associated with proposed renewable energy developments. It 

calculates the anticipated effects of the Proposed Development on peat and forestry habitats, 

and subsequent implications for greenhouse gas (GHG) emissions. The Carbon Assessment 

Tool also accounts for the emissions associated with the construction and decommissioning 

of the Proposed Development, as well as the emissions savings from operation. 

Embodied emissions 

GHG emissions from turbine fabrication are based on a full lifecycle analysis of a typical 

turbine. This includes GHG emissions resulting from material production, transportation, 

erection, operation, dismantling and removal of turbines, and from foundations and 

transmission grid connection equipment to the existing electricity grid system. The Scottish 

Government’s Carbon Calculator Tool includes embodied emissions from Turbines and their 

foundations, but not for Battery Energy Storage System (BESS). As such, a supplementary 

life cycle analysis of BESS has been conducted and integrated within the calculator outputs.4  

Losses due to back-up 

Due to the inherent variability of wind generated electricity, it is recognised that conventional 

generation facilities are required to stabilise supply. Nayak et al. (2008) refers to ‘backup 

power generation’ and identifies that the balancing capacity (as referred to henceforth) 

required is estimated as 5% of the rated capacity of the wind farm. It is also stated that 

balancing capacity is only necessary where wind power contributes more than 20% to the 

national grid. 

 
1 Nayak et al, (2008) Available at: http://www.scotland.gov.uk/Publications/2008/06/25114657/0 
2 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. Available Online: http://www.mires-and-
peat.net/map04/map_04_09.htm 
3 Smith, J.U., Graves, P., Nayak, D.R., Smith, P., Perks, M., Gardiner, B., Miller, D., Nolan, A., Morrice, J., Xenakis, G., 
Waldron, S., and Drew, S. (2011) Carbon implications of windfarms located on peatlands – Update of the Scottish Government 
Carbon Calculator tool. Final Report, RERAD Report CR/2010/05. 
4 Romare, M., and L. Dahllöf (2017) The Life Cycle Energy Consumption and Greenhouse Gas Emissions from Lithium-Ion 
Batteries, A Study with Focus on Current Technology and Batteries for light-duty vehicles. IVL Swedish Environmental 
Research Institute Ltd. C 243 



It is assumed that the balancing capacity is from fossil fuels and that where such power is 

required, there will be additional emissions of 10% due to reduced thermal efficiency of the 

reserve generation. This value is the recommended default through the Carbon Assessment 

tool, sourced from Dale et al (2004). 

The inclusion of a battery energy storage system (BESS) within the Proposed Development 

removes the need for backup power generation, allowing the input value for this Development 

to be 0%. 

Input data 

A variety of data sources have been utilised to compile the input data needed for The Scottish 

Government’s Carbon Assessment Tool. Wind farm design and site-specific data have been 

used wherever possible; however, where not available, standard (default) data or estimates 

have been applied. These are detailed below in Table 13-2-1. To reflect design and real-world 

uncertainty a range of +/- 10% has been applied to many categories. 

Table 10-2-1: Input parameter data for The Scottish Government’s Carbon 
Assessment Tool 

CARBON ASSESSMENT TOOL v2.14.1 

 

 

1. Input data Expected 
value 

Minimum 
value 

Maximum 
value 

Source of data 

Wind farm characteristics 

Dimensions 

No. of turbines 14 14 14 
Chapter 2: Proposed 
Development  

Duration of consent (years) 50 50 50 
Chapter 2: Proposed 
Development  

Performance 

Power rating of 1 turbine 
(MW) 

7.2 7.2 7.2 
Chapter 2: Proposed 
Development  

Capacity factor 24.6 22.14 27.06 DUKES (2024) 

Backup 

Fraction of output to backup 
(%) 

0% 0% 0% 
Chapter 13: Other Issues 
(Climate), BESS present (50 MW) 

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

10 10 10 Fixed 

Total CO2 emission from 
turbine life (tCO2 MW-1) (e.g. 
manufacture, construction, 
decommissioning) 

Calculate 
wrt 
installed 
capacity  

Calculate 
wrt 
installed 
capacity 

Calculate 
wrt 
installed 
capacity 

Scottish Government Carbon 
Calculator 

Characteristics of peatland before wind farm development 

Type of peatland Acid Bog 

Chapter 8: Hydrology, Geology, 
Hydrogeology and Peat (Technical 
Specialist) 



CARBON ASSESSMENT TOOL v2.14.1 

 

 

1. Input data Expected 
value 

Minimum 
value 

Maximum 
value 

Source of data 

Average annual air 
temperature at site (°C) 

9.17 5.66 12.68 
Met office weather station: 
Inverness 

Average depth of peat at site 
(m) 

1.10 0.95 1.17 
Chapter 8: Hydrology, Geology, 
Hydrogeology and Peat (Technical 
Specialist) 

Content of dry peat (% by 
weight) 

55 49 61 Default value. 

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

28 17 39 
Chapter 8: Hydrology, Geology, 
Hydrogeology and Peat (Technical 
Specialist) 

Average water table depth at 
site (m) 

0.09 0.06 0.11 
Chapter 8: Hydrology, Geology, 
Hydrogeology and Peat (Technical 
Specialist) 

Dry soil bulk density (g cm-3) 0.20 0.18 0.22 Default value. 

Characteristics of bog plants 

Time required for 
regeneration of bog plants 
after restoration (years) 

22.5 15 30 
Chapter 8: Hydrology, Geology, 
Hydrogeology and Peat (Technical 
Specialist) 

Carbon accumulation due to 
C fixation by bog plants in 
undrained peats (tC ha-1 yr-1) 

0.25 0.225 0.275 

SNH Guidance (NatureScot) 
(SNH, 2003) proposes an average 
value of 0.25 tCha-1yr-1. Minimum 
and maximum values are taken 
from estimated global averages of 
Botch et al. (1995) and Turunen et 
al. (2001) to be 0.12 to 0.31 tCha-

1yr-1 

Forestry Plantation Characteristics 

Area of forestry plantation to 
be felled (ha) 

4.29 4.29 4.29 Chapter 13: Other Issues- 
Forestry (Technical Specialist) 

Average rate of carbon 
sequestration in timber (tC ha-

1 yr-1) 
3.60 3.24 3.96 Default value. 

Counterfactual emission factors 

Coal-fired plant emission 
factor (t CO2 MWh-1) 

0.92 0.92 0.92 
Default value (Scottish 
Government Carbon Calculator) 

Grid-mix emission factor (t 
CO2 MWh-1) 

0.25 0.25 0.25 
Default value (Scottish 
Government Carbon Calculator) 

Fossil fuel-mix emission factor 
(t CO2 MWh-1) 

0.45 0.45 0.45 
Default value (Scottish 
Government Carbon Calculator) 

Borrow pits 

Number of borrow pits 1 1 1 
Chapter 8: Hydrology, Geology, 
Hydrogeology and Peat (Technical 
Specialist) 



CARBON ASSESSMENT TOOL v2.14.1 

 

 

1. Input data Expected 
value 

Minimum 
value 

Maximum 
value 

Source of data 

Average length of pits (m) 165 150 180 
Chapter 8: Hydrology, Geology, 
Hydrogeology and Peat (Technical 
Specialist) 

Average width of pits (m) 120 110 130 
Chapter 8: Hydrology, Geology, 
Hydrogeology and Peat (Technical 
Specialist) 

Average depth of peat 
removed from pit (m) 

0.78 0.70 0.86 
Chapter 8: Hydrology, Geology, 
Hydrogeology and Peat (Technical 
Specialist) 

Foundations and hard-standing area associated with each turbine 

Shape 
(circular/octagonal/hexagonal) 

Circular 
Chapter 2: Proposed 
Development  

Diameter/side at surface (m) 12 12 12 
Chapter 2: Proposed 
Development  

Diameter/side at bottom (m) 25 25 25 
Chapter 2: Proposed 
Development  

Average depth of peat 
removed from turbine 
foundations [m] 

1.17 1.05 1.29 
Chapter 8: Hydrology, Geology, 
Hydrogeology and Peat (Technical 
Specialist) 

Average length of hard-
standing at surface [m] 

215 215 215 
Chapter 2: Proposed 
Development  

Average length of hard-
standing at bottom [m] 

215 215 215 
Chapter 2: Proposed 
Development  

Average width of hard-
standing at surface [m] 

61.5 61.5 61.5 
Chapter 2: Proposed 
Development  

Average width of hard-
standing at bottom [m] 

61.5 61.5 61.5 
Chapter 2: Proposed 
Development  

Average depth of peat 
excavated when constructing 
hard-standing [m] 

1.17 1.05 1.29 
Chapter 8: Hydrology, Geology, 
Hydrogeology and Peat (Technical 
Specialist) 

Is piling used? (Yes/No) No 
Chapter 2: Proposed 
Development  

Volume of concrete (m3) 20,160 20,160 20,160 
Chapter 2: Proposed 
Development  

Access tracks 

Total length of access track 
(m) 

13,112 11800.8 14423.2 
Infrastructure design and 
aggregate estimates 

Existing track length (m)  0 0 0 
Infrastructure design and 
aggregate estimates 

Length of access track that is 
floating road (m)  

3,672 3304.8 4039.2 
Infrastructure design and 
aggregate estimates 

Width of access track that is 
floating road (m) 

6 5.4 6.6 
Infrastructure design and 
aggregate estimates 

Depth of floating road (m) 0.80 0.72 0.88 
Infrastructure design and 
aggregate estimates 



CARBON ASSESSMENT TOOL v2.14.1 

 

 

1. Input data Expected 
value 

Minimum 
value 

Maximum 
value 

Source of data 

Length of floating road that is 
drained (m) 

3,672 3304.8 4039.2 
Infrastructure design and 
aggregate estimates 

Average depth of drains 
associated with floating roads 
(m) 

0.21 0.16 0.26 
Infrastructure design and 
aggregate estimates 

Length of access track that is 
excavated road (m) 

9,440 8496 10384 
Infrastructure design and 
aggregate estimates 

Excavated road width (m) 6 5.4 6.6 
Infrastructure design and 
aggregate estimates 

Average depth of peat 
excavated for road (m) 

0.21 0.16 0.26 
Chapter 8: Hydrology, Geology, 
Hydrogeology and Peat (Technical 
Specialist) 

Length of access track that is 
rock filled road (m) 

0 0 0 
Infrastructure design and 
aggregate estimates 

Rock filled road width (m) 0 0 0 
Infrastructure design and 
aggregate estimates 

Rock filled road depth (m) 0 0 0 
Infrastructure design and 
aggregate estimates 

Length of rock filled road that 
is drained (m) 

0 0 0 
Infrastructure design and 
aggregate estimates 

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

0 0 0 

Infrastructure design and 
aggregate estimates 

Cable trenches 

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

0 0 0 
Infrastructure design and 
aggregate estimates 

Average depth of peat cut for 
cable trenches (m) 

0 0 0 

Chapter 8: Hydrology, Geology, 
Hydrogeology and Peat (Technical 
Specialist) 

Additional peat excavated (not already accounted for above) 

Volume of additional peat 
excavated (m3) 

269,830 242,847 296,813 
Chapter 8: Hydrology, Geology, 
Hydrogeology and Peat (Technical 
Specialist) 

Area of additional peat 
excavated (m2) 

304,061 273,655 334,467 
Chapter 8: Hydrology, Geology, 
Hydrogeology and Peat (Technical 
Specialist) 

Peat Landslide Hazard 

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

Negligible Fixed  

Improvement of C sequestration at site by blocking drains, restoration of habitat etc 
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1. Input data Expected 
value 

Minimum 
value 

Maximum 
value 

Source of data 

Improvement of degraded bog 

Area of degraded bog to be 
improved (ha) 

218.0 196.2 239.8 

Chapter 8: Hydrology, Geology, 
Hydrogeology and Peat /Chapter 
6: Ecology and Biodiversity 
(Technical Specialist) 

Water table depth in 
degraded bog before 
improvement (m) 

0.30 0.23 0.38 
Chapter 8: Hydrology, Geology, 
Hydrogeology and Peat (Technical 
Specialist) 

Water table depth in 
degraded bog after 
improvement (m) 

0.10 0.09 0.11 
Chapter 8: Hydrology, Geology, 
Hydrogeology and Peat (Technical 
Specialist) 

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

12.5 10 15 

Chapter 8: Hydrology, Geology, 
Hydrogeology and Peat /Chapter 
6: Ecology and Biodiversity 
(Technical Specialist) 

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

40 40 40 

Chapter 8: Hydrology, Geology, 
Hydrogeology and Peat /Chapter 
6: Ecology and Biodiversity 
(Technical Specialist) 

Improvement of felled plantation land 

Area of felled plantation to be 
improved (ha) 

2.46 2.46 2.46 
Chapter 13: Other Issues- 
Forestry (Technical Specialist) 

Water table depth in felled 
area before improvement (m) 

0.5 0.2 1.0 
Chapter 8: Hydrology, Geology, 
Hydrogeology and Peat (Technical 
Specialist) 

Water table depth in felled 
area after improvement (m) 

0.2 0.1 0.3 
Chapter 8: Hydrology, Geology, 
Hydrogeology and Peat (Technical 
Specialist) 

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

15 15 15 

Chapter 8: Hydrology, Geology, 
Hydrogeology and Peat /Chapter 
13: Other Issues- Forestry 
(Technical Specialist) 

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

25 25 25 

Chapter 8: Hydrology, Geology, 
Hydrogeology and Peat /Chapter 
13: Other Issues- Forestry 
(Technical Specialist) 

Restoration of peat removed from borrow pits 

Area of borrow pits to be 
restored (ha) 

0 0 0 
Chapter 8: Hydrology, Geology, 
Hydrogeology and Peat (Technical 
Specialist) 

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

0 0 0 
Chapter 8: Hydrology, Geology, 
Hydrogeology and Peat (Technical 
Specialist) 
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1. Input data Expected 
value 

Minimum 
value 

Maximum 
value 

Source of data 

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

0 0 0 
Chapter 8: Hydrology, Geology, 
Hydrogeology and Peat (Technical 
Specialist) 

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

0 0 0 
Chapter 8: Hydrology, Geology, 
Hydrogeology and Peat (Technical 
Specialist) 

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

0 0 0 
Chapter 8: Hydrology, Geology, 
Hydrogeology and Peat (Technical 
Specialist) 

Early removal of drainage from foundations and hardstanding 

Water table depth around 
foundations and hard 
standing before restoration 
(m) 

0.3 0.1 0.5 
Chapter 8: Hydrology, Geology, 
Hydrogeology and Peat (Technical 
Specialist) 

Water table depth around 
foundation and hard standing 
after restoration (m) 

0.4 0.2 0.6 
Chapter 8: Hydrology, Geology, 
Hydrogeology and Peat (Technical 
Specialist) 

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

5 2 10 
Chapter 8: Hydrology, Geology, 
Hydrogeology and Peat (Technical 
Specialist) 

Early removal of drainage from foundations and hardstanding 

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

Yes 
 

Chapter 8: Hydrology, Geology, 
Hydrogeology and Peat (Technical 
Specialist) 

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

Yes 
Chapter 8: Hydrology, Geology, 
Hydrogeology and Peat (Technical 
Specialist) 

Will you control grazing on 
degraded areas? 

Yes 
Chapter 8: Hydrology, Geology, 
Hydrogeology and Peat (Technical 
Specialist) 

Will you manage areas to 
favour reintroduction of 
species 

Yes 
Chapter 8: Hydrology, Geology, 
Hydrogeology and Peat (Technical 
Specialist) 

Methodology 

Choice of methodology for 
calculating emission factors 

Site specific (required for planning applications) 



13.1 Output data 

1.  CARBON ASSESSMENT TOOL 

v2.14.1 
   

2. Output data Expected value Minimum value Maximum value 

1. Wind farm CO2 emission saving over... 

...coal-fired electricity generation (t CO2 / 
yr) 

199,842 179,858 219,827 

...grid-mix of electricity generation (t CO2 
/ yr) 

55,083 49,574 60,591 

...fossil fuel-mix of electricity generation (t 
CO2 / yr) 

97,749 87,974 107,524 

Energy output from windfarm over 
lifetime (MWh) 

10,860,998 9,774,899 11,947,098 

2. Total CO2 losses due to wind farm (tCO2e) 

2. Losses due to turbine life (e.g. 
manufacture, construction, 
decommissioning) 

94,007 94,007 94,007 

3. Losses due to backup 0 0 0 

4. Losses due to reduced carbon fixing 
potential 

11,466 6,313 18,971 

5. Losses from soil organic matter 190,493 134,260 240,851 

6. Losses due to DOC & POC leaching 11,393 1,290 36,076 

7. Losses due to felling forestry 2,832 2,548 3,115 

8. Losses due to BESS 10,000 9,000 11,000 

Total losses of carbon dioxide* 320,191 247,419 404,020 

9. Total CO2 changes due to improvement of site (tCO2e) 

9a. Change in emissions due to 
improvement of degraded bogs 

-47,174 -21,869 -81,504 

9b. Change in emissions due to 
improvement of felled forestry 

-355 0 -501 

9c. Change in emissions due to 
restoration of peat from borrow pits 

0 0 0 

9d. Change in emissions due to removal 
of drainage from foundations & 
hardstanding 

0 0 -29,216 

Total change in emissions due to 
improvements 

-47,528 -21,869 -111,221 

Results 

Net emissions of carbon dioxide (tCO2e)* 272,663 134,273 382,151 

 

...coal-fired electricity generation (years)* 1.4 0.6 2.1 



1.  CARBON ASSESSMENT TOOL 

v2.14.1 
   

2. Output data Expected value Minimum value Maximum value 

...grid-mix of electricity generation 
(years)* 

5.0 2.2 7.7 

...fossil fuel-mix of electricity generation 
(years)* 

2.8 1.2 4.3 

 

Ratio of soil carbon loss to gain by 
restoration (not used in Scottish 
applications) 

No gains! No gains! No gains! 

?* Blue shaded cells denote those that have been modified from the carbon calculator output due to the 
inclusion of embodied emissions from BESS 

 


