Mapping suitability for low enthalpy heating/cooling technologies in

Scottish superficial aquifers
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) Context

Heating, particularly spatial heating, is the single largest source of carbon emissions

2) Aims

* Do superficial groundwaters have the
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in the UK. potential to contribute to heating/cooling
* Vast majority of spatial heating in the UK is met using gas boilers. decarbonisation in Scotland?
* Strategy to meet 2019 commitments to net zero economy by 2050 address the need * Identify and combine key criteria.
for decarbonised heating, partially by commitment to 600,000 GSHP installations * Produce a metric by which criteria may
per year by 2028!. quantitatively compared.
* Is there a suitable resource in Scotland to support this? * Produce a metric that can observe data
Heating Appliances in Homes (%) confidence.
Fig1.1 Left: Space * Provide a national scale GSHP screening tool
heat'”g_app“a”lces in for Scotland that can be used to gain a
homes in 2016~ generalised knowledge of subsurface
Figl.2 Right: UK itabilit
emissions in 2016 across >ul a. Hty. _ .
different sectors?. * Provide 'a tool for site selection to advance
py— PhD project.
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Criterion Dataset Neutral or No 3) MEthOdS
Unfavourable uestionable Encouragin Favourable . oqs
Geological Parameters Q Data eine a: Producing a Favourability Index (FI:0-5)
Superfical BGS Geology 625k No known deoosi o Deposits present, No i Known depoits exist d Identlfy key Crlterla essentlal to effectlve GSHP
Coverage (Superficial) 0 Known Geposits information continuously operat|on
BGS National )
- . 0-1m (See STDM guide. . . a4 . . .
Supercial Deposi o o tom S— 025 o * Identify existing datasets that quantify these criteria.
Deposit Thickness Model ) ) .
o asi) tickness gen value of L * Recategorise these data on a common scale of GSHP
BGS Buried Valleys Not Present N/A N/A 1020m 20-30m, 30-40m, greater favourability to aIIow compa rison.
(Onshore) than 40m . .
Aquifer present. IMH b: StaCklng InPUts
BGS Hydrogeological [ No aquifer/NSA (Not a ILM {Intergranualr flow, (?nter anualrlélow Aquifer present. It H
e Mpaiofsgcotlagnd sig:ificantaquifer) low-moderate productivity: Unknown geology modirateto high' (Intergranular flow, high i 10 Input datasets Used, Converted tO the same raster
uperticia 0.1-101/s) - ductivity: >10 I/s) . el . .
Aauler S productiiy: 1-101/9 | P format: 1km grid. British National Grid,
Productivit . . .
R BGS Suceptibility to | Not considered prone to Limited Potential for N/A Potﬂent:ll forgrozr}dwallter Potential for groundwater D_OSG B_1936, CE“ aSS|gn ment by maximum area,
groundwater flooding flooding groundwater flooding / o0 Isrt]fulcrllj?es- eve flooding at surface no pr|0r|ty
Soundester Pt e Cumulative Fl scores from multiple inputs over the
Temperature Metoméfi'dHADUK- 1-3C >3-4.5C >4.5-6C / no inforamtion >6-7.5C >7.5C same unit area can be averaged tO produce 3
BGS Civils: 7 (mapped water-N/A); 1 . oy . .- .
Sulfate/Sulfide (Primey calcium sulfate 2,3 6 4,5 O(an:rrzs::ltf;te ot 'faVOU rab|||ty |nd€X’ SpECIfIC tO that un|t area.
Chemistry potential present)
R 11 /A 91011 /A $ C: Observing data confidence

Non-geological Parameters

Heat demand

Protected areas

Scottish Government:
Scotland Heat Map
(Kwh/yr)

Scottish Government:

372-5,000; & no data

Very sensitive ecological,
environmental or cultural
features, posing

5,000 -20,000

Land may have several
protections/restrictions or
sensitive features that will

20,000 - 2 x 107

Land may be within
protected reigons with mild

2x10"-1.8x10°

Land may be within
protected reigons but has no

1.8x10%-1.355x 10°

No restrictions
[environmental protection

* Data confidence and reliability scored (0-5) for a variety
of epistemic and aleatory uncertainties, and biases.
Each unit area receives a data confidence value that is
the average of its uncertainty and bias scores across
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Fig ffi%?ﬁtl-savourability Index ‘scoring’ table, showing input data
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Fig Fig 3.1:
59°0'0"N| 3.1 - . . . -
+ N » Superficial deposit GSHP favourability map of
+ -59°0'0"N . .
o Scotland, including above and below ground
# factors. Deposits range Fl: 3.2, mean Fl: 3.3,
max 4.9, with 2,214km? identified as high
suitability (FI>4).
Fig 3.2:
- Below ground only favourability map. Very
58°0'0"N- r e .. _
L similar statistically (range 3.0, max 4.7).
-58°0'0"N . .
Spatially, extreme Fl areas remain, however
! middling values have dropped. Using same
- ; key as Fig 3.1.
Fig 3.3:
Data confidence map of Scotland, using a
o JAberdeen similar but separate 0.0-5.0 scoring system.
57°0'0"N+ . . . .
T Values derived from input analysis (section
- — -57°0'0"N . . . . .
3). Dark areas indicating high confidence
< overlie those highlighted in fig 3.4
JDunaee Map highlighting regions scoring Fl values of
W ' 4.0 or greater. Represent areas of future
. Stirling interest to this project | 5)
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Conclusions

Highest favourability areas coincide with population
centres even without considering above ground (human)
factors. 2011 census data shows approx. 25% of Scottish
population (1.3 million) live in an area with an Fl value of
4 or greater, suggesting GSHPs in superficial aquifers do
represent a significant resource for future
decarbonisation of heating/cooling demand.

Specific sites may now be targeted within this high Fl
region for specialised assessment.

Screening tool shows superficial sourced groundwater is
not a universal heating/cooling resource across Scotland,
and should not be treated as such in future decarbonising
targets.

Screening tool inherits availability bias from its input
datasets, and is subject to individual geoscientist Fl
categorisation bias.
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