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Geothermal energy projects awarded quarter
million

14,/06/2015 00:01

i i i Downloads
Scotland Agriculture Environment Houwsing Rural Development

Aberdeen Exhibition & Conference Centre among five schemes planning to harness Scotland’s

significant energy potential.

* Aberdeen Exhibition and Conference Centre: to conduct a feasibility study for the installation of a
deep geothermal single well system to provide heat to the new Centre and associated buildings
[- Guardbridge, Fife: to explore the geothermal potential under a brownfield site to provide heat to ]

on-site industries and the local community

¢ Polkemmet, West Lothian: to establish the feasibility of geothermal heat from mineworkings, which will
heat proposed new social housing in the area

+ Hartwood, North Lanarkshire: to develop a fully operational minewater geothermal district heating
system which could act as an exemplar of how to transform farm economics and transfer benefits to
local communities

¢ Hill of Banchory, Aberdeenshire: to explore the viability of adding geothermal energy from hot dry

and hot wet rocks to the existing renewable heat network that is already serving the local communities
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Potential geothermal heat in central Scotland — why Guardbridge?
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Regional significance of geothermal exploration at Guardbridge —
sedimentary rocks are folded and reach depths of 4 - 5 km

WsSW
Okm Glasgow Airdrie 40 km Bathgate 80 km  Firth of Forth ENE
Lanarkshire Salsburgh southern Clackmannan c Forth Kinghom
Basin Anticline i outcrop of West Lothian Midlothian- Anticline Coreania Fm
el Leven Syncline ’
om ” 0ft
(Ordnance
Datum)
s | Em— ; Charles Hill
Plateau TS alsburgh ] anes
s r 2 Bathgate Hills Volcanic Mbr !
Hat T Ky Volcanic Fm Volcanic Fm gsgf,,&m,c
[ Fm. position
-2000m -6,560ft
I:l Scottish Coal Measures Group / Fault fonly
the largest faults
I:l Passage and Upper Limestone formations are shown)
Dyke
& l:l Limestone Coal Formation
(=3
-
-4000mq & I:l Lower Limestone Formation Coal 13,120 ft
8 West Lothian Oil-Shale unit (includes West Lothian Oil-Shale, e
] Pathhead, Sandy Craig, Pittenweem, Aberlady formations)
o Gullane unit (includes Gullane, Anstruther and Fife Ness formations) ; -
- Extrusive volcanic rocks
- Intrusive igneous rocks
-6000 m -19,690 ft

From Monaghan (2014)

- TOWN &\ British

%‘ ROCK RAMBGOLL BG5) Geological Survey
Unjversityof ENERGY -7- NATURAL ENVIRONMENT RESEARCH COUNCIL
St Andrews

L

resource
solutioms)

e



University of St Andrews

700000

Hot saline aquifer targets are available in Fife near large towns
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Guardbridge Geothermal Demonstrator Project - hot sedimentary aquifer
Is a geothermal well supplying heat to a district heating network economically feasible?
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Guardbridge Low Carbon Energy Centre is site of 6.5 MW
biomass plant (E25M funding). Heat to the University of
St Andrews’ buildings.
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Guardbridge geothermal feasibility project - the rocks!

DDF

I Kinnesswood Fm. ~50 m

Inverclyde Gp. &
Anstruther Fm ~ 650 m

Knox Pulpit Fm. ~ 100 m

Glenvale Sandstone Fm.
~300m

Scone Sandstone Fm.
~300m

Ochil Volcanic Fm. )

~ 2,500 ol
Satddl Guardbridge
Dura Den Fault

British Geological Survey
©NERC All Rights Reserved

Lucy McKay (U St A) & Rachael Ellen (BGS)
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Knox Pulpit Fm
Glenvale locality
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University of St Andrews Hot Sedimentary Aquifer targets

Local — regional geological model S
Results relevant to Midland Valley of Scotland
Guardbridge e V 4
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Local — regional geological model
Results relevant to Midland Valley of Scotland ~

Guardbridge

Lucy_Sedion_3_Guardbridge

| Well : .
o = cceen OB T GB-2 WellES B o S

< D Scanano 3
TD Scenario 4

-. ~_ _+ 3 wells investigated
AN, e e  GB-1 on site (Scone Ss.)
AN « ES-1 off site (Knox Pulpit)
~~—-Fault core and damage zone . GB-2 deviated well (Knox
modelled based on fault offset Pulpit)
e | (after Chl|dS et aI 2009)
- - Lucy McKay (U St A; now Glasgow) & Rachael Ellen (BGS)
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Target aquifer properties: estimating porosity, permeability, and temperature

Approximate elevation of 6m OD
atWeII GB-2 345110719230
0 —| 12 m - approx. base of boulder clay (till).

100 F===== 93 m - base of Guardbridge borehole within Glenvale Sandstone Fm.
I wc
s0C S
:] - 200 “-:7| Glenvale Sandstone Fm: white, brown, red, purple, yellow and cream coloured
N ~| feldspathic fine- to coarse-grained feldspathic sandstone, commonly containing

100C I N ! ] bands of red siltstone and pebbles of red, green and cream-coloured silty
mudstone (rare siliceous pebbles). Large-scale trough-crossed stratifed (up to 1.5

=z z ' 7% / ¥ - Lt ] mithick), with low angle cross-bedding and planar lamination also present.
', ¢ Z B2 cood WMp
l:l Fair
V//A Low

400 = X - 400 m - approx. base of Glenvale Sandstone Fm on footwall

430 m - deviation across damage zone begins

500
Knox Pulpit Fm:Very fine- to coarse-grained weakly cemented clean white-tan sand-
stones. Cross-bedding common.

/

/‘

,/// — . N 600 |

AT il // A/ . /] s ~ 650 m - approximate base of Knox Pulpit on HW
, Z 7 4~ 700 [

e = q £ < = 850 m- deviation across damage zone ends
7 N 900 p ] Glenvale Sandstone Fm: White, brown, red, purple, yellow and cream coloured felds-
' a0 A A pathic fine- to coarse-grained feldspathic sandstene, commonly containing bands of red
= siltstone and pebbles of red, green and cream-coloured silty mudstone (rare siliceous

T pebbles). Large-scale trough-crossed stratifed (up to 1.5 m thick), with low angle
1000 |- <H cross-bedding and planar lamination also present.

Combined map of estimated aquifer quality and predicted
temperature. ol
Town Rock Energy with University of St Andrews. -
Wireline log data, new poroperm measurements, field | | sowemam oo

1 - A occasional conglomeratic beds. Should not be intercepted by deviated well.
WO rk 300 |: i, { 2 drilling distance of ~1325 m - target vertical depth of 1100 m in Glenvale Sandstone (Scenario 3)
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University of St Andrews Hydrogeological modelling

Local hydrogeological model ... ..

] —
Well GB1 + GB2 Well ES
GEF
till
Scone Ss.
MNon e
~15 degrees
Inverclyde & younger
~20 degrees
N
Non aquifer Kno)( P/ y
SNvay,

/ Ochil Volcanic Fm \\. Scone Ss © ]
Hanging wall /

Foot wall
/ Dura Den fault zone (300m)

GW flow direction

Upwelling through fractures in Ochil Volcanics

Conceptual hydrogeological model based on geological modelling:

Build numerical model to test hydraulic conductivities (permeabilities) required for
economic flow rates using finite element mass and heat transport model called FEFLOW.

MEE Sarah Alexander (U St A; now Birmingham) & Corinna Abesser (BGS)
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University of St Andrews Hydrogeological modelling

A. P o S . ’ ) " . B. Trawel ime, forward streamlines Travel lime, Torward streamlines Travel ime, forward sireamling
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Increasing width of fault and hydraulic
conductivity produces faster pathways:

Summary: A sustainable and economic
aquifer (15 I/s) requires fracture permeability
in rocks and fault zone.

MIKE Ii Sarah Alexander (U StA) &
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Drilling strategy and options — oil and gas methodologies

Fluid Temperature

- Tubing/Workstrin

0 Y W _W Summary:
150 AN 4% o . . .
’\ \ * Deviated well with submersible pump
300 \.\ v" ‘ * 1000 — 1200 metres well depth (TVD)
|
450 ’\i‘ T » 2 scenarios for flow rates — 5I/s & 15l/s
600 ”‘\\ 7 e 11 kw ESP or 22-43 kw pump required
750 x\’«. * Output temperature of 23 —27°C
Knox pulpit Fault zone Abs Open Pump rate Pump Power
o0 Flow I/sec  lisec kw * 139 kW to 418 kW of heat output
050l row Perm ';gm;: No ° ° B * Heat pump delivering 75°C (COP = 4)
Low Perm High perm 18 15 43 * Drilling costs - £750k - £1.1m (P90-P10)
1200 7
Hgh Perm Lowornone 19 10 /15 14/ 32 » Well completion and flow tests - £150k
19507 High Perm High Perm 31 10 /15 /20 12 / 22 /46
1500 i i i i i i i —* |
5 10 15 20 25 30 35 40 45 50
Temperature (deg C)
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Where is the heat demand?

Potential district heat network for DHN network design (red lines) for te proposed
Guardbridge site, Guardbridge village, development at the Guardbridge Low Carbon
Leuchars and Balmullo. Energy Centre.

Heat pump and DHN CAPEX - £530k

Guardbridge site deemed economically
Total CAPEX ~ £2.2M

feasible for the one well option.
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Energy centre design — integrated sources and combined heating/cooling
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Carbon emissions reductions?

Carbon emissions reductions from district heating compared to individual gas boilers

20 Year Lifecycle Carbon Emissions Reduction

Total CO, emission district heating 4,677 Tonnes
Total CO, emission baseline (gas boilers) 28,574 Tonnes
Saved CO, emission district heating compared to baseline 23,987 Tonnes

* 84% reduction in emissions based on combined geothermal heat pumps and biomass plant
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LCITP Phase 2: Development Stage

How do we start to reduce the risks associated with drilling?

Geophysical survey of the geothermal resource (moderately deep reflection seismic)
2. Review/revise well design and drilling CAPEX
3. Proceed to production or test borehole based on survey outcome

University of St Andrews
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LCITP Phase 2: Development Stage
How do we start to reduce the risks associated W|th dnllmg”
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Line 2 — crude stacking, preliminary processing
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