Underground Thermal Energy Storage
for Carbon Neutral Communities
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Net Zero Energy Buildings L o tab
nearly Zero Energy (nZEB) and Net Zero Energy Buildings (NZEB)

A NZEB is a grid
connected, energy
efficient building that
balances its total
annual energy
needs by on-site
generation

Attia, S. (2018) Net Zero Energy Buildings (NZEB) , Elsevier >



Net Zero Energy Buildings Qs

nearly Zero Energy (nZEB) and Net Zero Energy Buildings (NZEB)
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Net Zero Energy Buildings

All Electric with Heat Pumps
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How does a heat pump work?
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Net Zero Energy Buildings Qs
nearly Zero Energy (nZEB) and Net Zero Energy Buildings (NZEB)

High Performance Design Process

u 2. Utilize Passive
Opportunities

3. Optimize Active

1. diminish energy <1 ¢4 1 | Systems

losses | 7
2. use of sustain"* = 4. Incorporate
energy : = Renewable Energy

3. use of fossil fuels
as efficient as possible

Trias Energetica

Attia, S. (2018) Net Zero Energy Buildings (NZEB) , Elsevier 8
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Net Zero Carbon Buildings @ seoiab

From Energy Use Intensity to GHG Emissions Intensity

Measuring Energy
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Net Zero Carbon Buildings @ seoiab
Converting the primary energy use intensity to GHG emissions

Measuring Enpzcqy
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Carbon Neutral Communities Qs
From Single Building to Community

11



Carbon Neutral Communities @ seoia
Storage & Scale the Core of Carbon Neutrality
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Thermal Storage
The Core of Carbon Neutrality

Thermal Mass
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Micro Hydro Power
for Storage
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Shallow Geothermal Energy
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Shallow Geothermal Energy SBD Lab

Aquifer Thermal Storage (ATES)
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Shallow Geothermal Energy
Borehole Thermal Energy Storage (BTES)

.. the water comes out of the borehole at 10°C

We use a heat pump on a geothermal
probe in winter and cold water circulation
In summer.

. J LIEGE université
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= “CLOSED SYSTEM”

Ground

level

Excavation

level

Water/antifreeze

flui
Grout heat transfer fluid

Pipe spacer

Tremie pipe

Grout (removed as grout is injected)

U-tube

Probe
foot

16



- LIEGE université

Shallow Geothermal Energy SBD Lab
Borehole Thermal Energy Storage (BTES)

= “CLOSED SYSTEM” FEASABLE “EVERYWHERE”
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Heating Grids
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District Heating

Evolution of District Heating

Steam system:
Steam pipes in
concrete ducts

Pre-insulated pipes
Industrialized compact

Low energy demands
Smart energy: Optimum
Interaction of energy sources,
distribution and consumption

hot-water system
Heavy equipment

solar lh.emul center

Heat Residantial

’tofm Cm
CHP waste wwsidential

CHP gas | seating
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>
1st Generation 2nd Generation 3rd Generation 4th Generation Sth Generation
> 2020

Bidirectional:
Heating & cooling supply
Almost no thermal losses
Uninsulated plastic pipes

Modular expansion
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4th Generation:
District heating grid with a
collective source

5th Generation:

Thermal energy directly from
the subsurface
(TH-25°C)
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Case Studies
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Conclusion
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Conclusion SBD Lab
Neutral Grid with collective ATES-boreholes

NEUTRAL GRID

-Allows to connect different buildings from different
owners under a public infrastructure.

-Can be managed and operated by a private/public
third party.

COLLECTIVE ATES WELLS

-ATES wells and boreholes are part of the public
domain

-Need to make sure they don’t get connected
-Require continuous monitoring from the
environmental authorities

-Need to make sure that their efficiency will not
decrease with time.
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