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LESSON 2 - DESCRIPTION

OBJECTIVE

The objective of this lesson is

A The presentation of an overview of the technical aspects and procedures of a shallow
geothermal energy project.

CONTENTS

* Shallow geothermal systems classification.
* Underground heat exchange, geological characterization and drilling.

* Building integration

LESSON 2 TECHNICAL ASPECTS AND PROCEDURES INVOLVED IN THE
DEVELOPMENT OF A SHALLOW GEOTHERMAL ENERGY PROJECT




2.1 SHALLOW
GEOTHERMAL SYSTEMS
CLASSIFICATION
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2.1 SHALLOW GEOTHERMAL SYSTEMS CLASSIFICATION

A The different kinds of shallow geothermal systems are presented,

A discussing the concepts of Ground Source Heat Pump (GSHP) and Underground
Thermal Energy Storage (UTES).

A Possible options for:
coupling the systems to the ground are indicated
highlighting the advantages and disadvantages of

both closed systems (Borehole Heat Exchangers, BHE) and open systems
(groundwater wells).
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2.1 SHALLOW GEOTHERMAL SYSTEMS CLASSIFICATION

The various shallow geothermal methods to transfer heat out of or into the
ground comprise:

loops)

energy piles 5 - 45 m depth

ground water wells 4 - >50 m depth

LA Horizontal ground heat exchangers 1.2 - 2.0 m depth (horizontal
—A
—A
\ borehole heat exchangers 10 - 250 m depth (vertical loops)
A

water from mines and tunnels

Methods using a heat exchanger inside the ground are also called
“closed” systems, methods producing water from the ground and
having a heat exchanger above grounda r e ¢ apeane systems.
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2.1 SHALLOW GEOTHERMAL SYSTEMS CLASSIFICATION

The various shallow geothermal methods to transfer heat out of or into the ground
comprise:

A Horizontal ground heat exchangers 1.2 - 2.0 m depth (horizontal loops)
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2.1 SHALLOW GEOTHERMAL SYSTEMS CLASSIFICATION

The various shallow geothermal methods to transfer heat out of or into the ground
comprise:

A Borehole heat exchangers 10 - 250 m depth (vertical loops)
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2.1 SHALLOW GEOTHERMAL SYSTEMS CLASSIFICATION

The various shallow geothermal methods to transfer heat out of or into the ground
comprise:

A Energy piles 5 - 45 m depth
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2.1 SHALLOW GEOTHERMAL SYSTEMS CLASSIFICATION

The various shallow geothermal methods to transfer heat out of or into the ground
comprise:

A Ground water wells 4 - >50 m depth

A  Water from mines and tunnels
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2.1 SHALLOW GEOTHERMAL SYSTEMS CLASSIFICATION

To use the constant, low
temperatures of the ground, there
are two options:

Ve

A Increase or decrease the
temperature of geothermal heat
to a usable level using heat
pumps (Ground Source Heat
Pumps, GSHP)

— /A Increase or decrease the
temperature in the ground by
storing heat or extracting heat
(Underground Thermal Energy
Storage, UTES)
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2.1 SHALLOW GEOTHERMAL SYSTEMS CLASSIFICATION

Open systems and closed systems
Advantages and disadvantages

OPEN SYSTEMS CLOSED SYSTEMS
GROUNDWATER WELLS (UTES) BOREHOLE HEAT EXCHANGERS (BHE)

Heat transfer from ground to well or viceversa by Heat transfer from ground to BHE or viceversa by
pressure difference (pumping) temperature difference
Advantage: Advantage:
A High capacity with relatively low cost A No regular maintenance
A Relatively high temperature level of heat source/ A Safe

low level of cold source A Can be used virtually everywhere
Disadvantage: Disadvantage:
*  Maintenance of well(s) A Limited capacity per borehole
» Requires aquifer with sufficient yield A Relatively low temperature level of heat source/
»  Water chemistry needs to be investigated high level of cold source
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2.2 UNDERGROUND HEAT
EXCHANGE, GEOLOGICAL
CHARACTERIZATION
AND DRILLING
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2.2 UNDERGROUND HEAT EXCHANGE, GEOLOGICAL

CHARACTERIZATION AND DRILLING

Main difference between conventional heating and cooling installations
and ground source heat pumps is the use of the underground as source or sink of heat

Then, an appropriate knowledge of the geological conditions where the GSHP is
located and the way of integrating ground thermal parameters in the
System design are key points for the correct development of a GSHP project
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2.2 UNDERGROUND HEAT EXCHANGE, GEOLOGICAL

CHARACTERIZATION AND DRILLING

UNDERGROUND HEAT EXCHANGE

Basically there are three possible kinds of heat transfer:
1. Heat Conduction
2. Heat Convection

3. Heat Radiation.

A Inside soil and rock, heat radiation can be neglected.

>

Hence only two transport mechanisms need to be considered.

>

In many cases, the actual heat transfer in the underground is a mixture of both
conduction and convection, in varying degrees; in solid rocks without pore space, heat
transfer occurs by conduction only.
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2.2 UNDERGROUND HEAT EXCHANGE, GEOLOGICAL

CHARACTERIZATION AND DRILLING

GROUND THERMAL PROPERTIES

The main parameters defining thermal properties of the ground are:
A Thermal conductivity of the ground
A Volumetric thermal capacity

A Undisturbed ground temperature.

The ability of the ground to transfer and store heat depends on a number of factors,
principally:

Ve

A Rock mineralogy. Generally, the higher the quartz content, the higher the thermal
conductivity.

A Density. High density of the material usually means a closed texture and absence of
voids. The higher the density, the higher the thermal conductivity and diffusivity .

A Water content. Water presence improves the heat transmission even in the absence of
flow. It fills the voids, increasing the thermal conductivity of the rock or soll.
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2.2 UNDERGROUND HEAT EXCHANGE, GEOLOGICAL

CHARACTERIZATION AND DRILLING

The pilot borehole - GEOLOGICAL CHARACTERIZATION

A good example of a geological investigation tool for vertical closed loop shallow
geothermal systems is the pilot borehole. Drilling a pilot borehole with an adequate
geological control provides full value information about:

* Lithology log * Diameters
* Ground fracture degree * Auxiliary casing need
* Hydrogeology ¢ Dirilling speed
* Water table position ¢ Drilling Cost
* Aquifers * Aborehole for installation of a PE
o » exchanger for Thermal Response Test
*  Productivity, specific flow rate, drawdown (TRT)
°  Hydrochemistry * An additional pipe for borehole logging,

undisturbed ground temperature,
temperature log before, during and after
Drilling parameters TRT, other kinds of geophysical logs, etc
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2.2 UNDERGROUND HEAT EXCHANGE, GEOLOGICAL

CHARACTERIZATION AND DRILLING

Borehole HEAT EXCHANGERS

Vertical ground heat exchanger piping configurations can be classified based on how the
heat exchange from the flow channels takes place and to their cross-sectional geometry.

Fundamental borehole heat exchanger design are U-tube and coaxial

Coaxial
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2.2 UNDERGROUND HEAT EXCHANGE, GEOLOGICAL

CHARACTERIZATION AND DRILLING

Borehole HEAT EXCHANGERS

Distribution schemes for the heat exchanger: A Vertical

A Horizontal

A Slinky

‘horizontal’ wartical’ ‘Slinky’
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2.2 UNDERGROUND HEAT EXCHANGE, GEOLOGICAL

CHARACTERIZATION AND DRILLING

THERMAL RESPONSE TEST

In some cases, those related with medium or large size installations, a thermal response
test is necessary:

1 . Objective: estimation in situ of ground and borehole thermal properties.

2. Estimated properties: undisturbed ground temperature, effective ground thermal
conductivity and borehole thermal resistance.

3. ¢ Why theses properties? Needed to size the length of the underground heat
exchanger in a particular ground coupled heat pump application.

The most expensive contribution to the cost of a ground coupled heat pump
system is associated to the cost of the borehole heat exchanger.
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2.2 UNDERGROUND HEAT EXCHANGE, GEOLOGICAL

CHARACTERIZATION AND DRILLING

BENEFITS OF DOING A THERMAL RESPONSE TEST.

An accurate estimation of thermal properties produces a direct impact in the efficiency
and cost of a ground coupled heat pump system.

A Technical and economic optimization of the SGE system
A Measured thermal conductivity is usually above the values found in databases

A Measured parameters are the most relevant input values for standard simulation and
design software codes (EED, TRNSYS, ...)

A Final objective of this test is the proper design of the borehole field ( borehole depth,
number of boreholes and distance between them)
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2.2 UNDERGROUND HEAT EXCHANGE, GEOLOGICAL

CHARACTERIZATION AND DRILLING

Injection (25-60 W/m) or
extraction (15-35 W/m) of a Thermal respense test unit
constant thermal power to the
ground.

A Equipment based in fluid heating
with resistances.

A Equipment based in fluid heating or
cooling with a heat pump.

F
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2.3 BUILDING
INTEGRATION
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2.3 BUILDING INTEGRATION

A Underground heat exchange is coupled to a heat pump for upgrading natural low-
temperature energy from the ground to useful temperatures.

A Heat pump technologies are widely used for residential and commercial space and
water heating, cooling, refrigeration and in industrial processes.
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2.3 BUILDING INTEGRATION

HEAT PUMP CONCEPT

A It seems natural that heat energy will flow from a hot object to a cold object.

A Heat Pumps use work to reverse the “natur al

HEAT PUMP DEFINITION

A European standard for testing and rating heat pump performance, EN 14511 — Part 1,
defines a heat pump as follows:

A7 [| eat pump [is an] encased assembly or assemblies designed as a unit to provide
delivery of heat . It includes an electrically operated refrigeration system for heating. It
can have means for cooling, circulating, cleaning, and dehumidifying the air. The
cooling is by means of reversing the refrigeration cycleo .
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2.3 BUILDING INTEGRATION

HOW A HEAT PUMP WORKS

1. The working fluid, in its gaseous state, is d

- - Condensation
pressurized and circulated through the system by 3 2
a compressor.

Evaporation

Pressure, kPa
Expansion
’?got

2. 0n the discharge side of the compressor, the now : :
hot and highly pressurized gas is cooled in a heat /
exchanger, called a condenser, until it condenses

into a high pressure, moderate temperature liquid. Enthaloy, H/ke

(@)
3. The condensed refrigerant then passes through a
pressure-lowering device like an expansion valve
or capillary tube.

Ao
A0

Condenser

4. This device then passes the low pressure, (almost)

liquid refrigerant to another heat exchanger, the ® Expansion ‘
evaporator, where the refrigerant evaporates into a Compressor
gas via heat absorption. ¢ . Evaporator

The refrigerant then returns to the compressor and the ®)

cycle is repeated
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LESSON 2

2.3 BUILDING INTEGRATION

HEATING AND COOLING MODE

Heating and cooling modes of heat pumps
do exactly the same thing. They "pump" the
heat from one location to another.

A In cooling mode, it functions just like an
air conditioner, moving heat from the
inside of a building to the outside;

A In heating mode, the refrigerant flow is
reversed so it takes low-temperature
heat from the source and mechanically
concentrates it to produce high-
temperature heat, which is then
delivered to a building.
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2.3 BUILDING INTEGRATION

EFFICIENCY

There are various terms that define the efficiency of a heat pump. All of these terms depend
on:

A The efficiency of the heat pump (determined mainly by the quality of its components)
A The temperature of the heated or cooled water/air produced by the heat pump
A

The temperature of the incoming brine (water/antifreeze mix) from the ground loop (in the
case of a ground source heat pump) or the outdoor air (in the case of an air source heat

pump
COP ( coefficient of performance)

The coefficient of performance (COP) is a measure of a heat pump's efficiency. It is
determined by dividing the energy output of the heat pump by the electrical energy needed to
run the heat pump, at a specific temperature.

The higher the COP, the more efficient the heat pump. This number is comparable to the
steady-state efficiency of oil- and gas-fired furnaces.

The COP for a heat pump in a heating or cooling application, with steady-state operation, is:

AQhot < Thot AQcool < Teool
AA T Tiot — Teoar AA T Thot — Teool
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2.3 BUILDING INTEGRATION

SEASONAL PERFORMANCE FACTOR (SPF).

The SPF refers to the performance over an entire season. The power input and output is
cumulated for the season; then the total power output is divided by the total power input, to
give the SPF.

Total power output (KWH)/Total power input (KWH) = SPF

The SPF is a better method of comparing heat pump performance as this figure will give a
more accurate estimate of running cost over an entire season.

THE ENERGY EFFICIENCY RATIO (EER) MEASURES THE STEADY-
STATE COOLING EFFICIENCY OF A HEAT PUMP.

It is determined by dividing the cooling capacity of the heat pump in Btu/h by the electrical
energy input in watts at a specific temperature. The higher the EER, the more efficient the unit.

EER= COP*3.412
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2.3 BUILDING INTEGRATION

RENEWABLE HEAT PUMPS

The “DIRECTIVE 2009/28/EC defines minimum efficiency standards and measurement of
renewable output for heat pumps.

The amount of aerothermal, geothermal or hydrothermal energy captured by heat pumps to
be considered energy from renewable source for the purposes of this Directive, Eres, shall
be calculated in accordance with the following formula:

EressQusablé(1-1/SPF)

Qusable = the estimated total usable heat delivered by heat pumps fulfilling
the criteria referred to in Article 5(4), implemented as follows: Only heat pumps for

with SPF > 1.15*1/n shall be taken into a
SPF = the estimated average seasonal performance factor for those heat
pumps

n is the ratio between total gross production of electricity and the primary
energy consumption for electricity production and shall be calculated as an EU
average based on Eurostat data.
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2.3 BUILDING INTEGRATION

ENERGY LOAD -DESIGN OF THE SGE SYSTEM

There are several parameters that are of importance in the design and development of an
optimized ground coupled heat exchanger (GCHE):

p>

The climatic conditions

p>

The building type and its energy demand profile

P>

Geological conditions and the thermal parameters of the subsurface

P>

Borehole/trench construction, borehole/trench backfilling

P>

Hydraulic properties, heat-exchanger type and dimensions (resistance to heat transfer,

pressure loss and pumping power) and medium properties

A Geo-hydrology, influence on vertical and horizontal systems (seasonally changing

underground water levels, partial saturation zones, etc.).
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2.3 BUILDING INTEGRATION

ENERGY LOAD

Two steps necessary for setting up heating and cooling systems are:
A Thermal load calculations
A Analysis of the energy demand.

Therefore, in order to determine the thermal load, it is necessary:

Ve

A to identify the characteristics of the construction (materials, dimensions, shape and
outside color), the environmental information (climate data, selecting design conditions)

A to select the indoor design conditions (temperature, humidity and ventilation),

A to select the site characteristics (illumination requirements, occupant activities,
equipment and process involved)

A to select the day and time for which the load is determined, preferable for the
maximum and minimum requirements
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