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Energy design of energy piles

Introduction

The goal of this exercise is to perform the preliminary energy design of a group of energy
piles. With reference to the features of a building that founds on a piled foundation, the purpose
of the calculations that follow is to define: (i) the number of piles that need to be equipped as
geothermal heat exchangers and will operate as energy piles, (ii) the thermal powers applied to
each energy pile and (iii) the associated temperature changes for given operational periods.
Typical data that in practical applications are provided by the various practitioners involved are
assumed to be available. The design follows official recommendations for energy piles (SIA-
D0190 2005). A final analysis of the features of some of the analytical models that are used to
solve this exercise will be requested.

Available data

The building is to be founded on 162 piles that are 0.8 m in diameter and whose average
length is 19.2 m. The piles penetrate in three layers. The first layer is 2 m thick and made of
backfill material. The second layer is made of moraine and extends from 2 m to 18 m below the
pile head. The third layer upon which the piles rest is made of molasse. A groundwater survey
identifies a water table almost at the soil surface, whose flow velocity is estimated to v, = 0.2
m/day. A thermal response test carried out at the site indicates a natural temperature of the
ground of 11 °C and an effective thermal conductivity of A = 1.5 W/(m °C). The ground
thermal diffusivity is approximately of g = 6.4 - 10~7 m?/s.

The needs for the heating and cooling of the building are as follows:

e The heating of the building requires a peak power of 340 kW and a quantity of heat of
Ey tor = 738 MWh/year. The heating period lasts from October to May (i.e., 8 months).

e The cooling of the building requires a quantity of heat of E. ., =105 MWh/year
homogeneously distributed over the warm period. The cooling period lasts from June to
September (i.e., 4 months).

e The heat pump to be installed has a nominal heating power of Q; = 60 kW and a
coefficient of performance of COP = 3.5.

e The cooling during warm periods is to be achieved using direct cooling (i.e., bypassing
the heat pump).

The relation that links the amount of energy supplied by the heat pump, Q;, to the energy
required from the piles, Q,., is:

_coP
~ cop-1
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In the analyses, consider on average 29.5 days per month and assume negative thermal
powers for extraction while positive thermal powers for injection.

Aspects to address
1. Maximum thermal powers involved
Considering the flow chart proposed by the SIA-D0190 (2005) (cf., annex) and using the
soil data available, estimate the linear thermal powers applicable to the piles for heating (i.e.,
heat extraction) and cooling (i.e., heat injection). Consider that a thermal recharge of the ground
is achieved by injecting 70 to 90% of thermal energy in this medium.

2. Heating supply
From the heating needs and the heat pump features, estimate the minimum number of piles
that are to be equipped with absorber pipes as energy piles. Estimate the total amount of heat
that can be obtained through this design with the minimum number possible of equipped piles.
Would it be possible to provide all the heating through the energy piles while respecting the
prescriptions of the SIA-D0190 (2005)? Assume that pile is equipped with a 2-U pipe
configuration.

3. Estimation of the temperature variation in the piles due to heating
Based on the highest linear thermal power involved with heat extraction (in absolute value),
estimate the temperature change at the end of the heating period (i.e., ¢ = 8 months) through
the simplified infinite cylindrical-surface source model (Carslaw and Jaeger 1959) and the
simplified infinite line source model (Carslaw and Jaeger 1959; Ingersoll et al. 1954)

. .1 4agt R? 4agt

T(t,R) — Ty = G;Gs(t,R) = qlﬁ[ln :‘21 — Y +$dt(ln Zf — v + 1)] (2)
. .1 () 4agt

T(t,R) — Ty = GiGy (6, R) = G, — (In "%y, 3)

where R is the energy pile radius, Ty, is the initial temperature, G¢(t, R) is the G-function and
yg = 0.5772 is the Euler constant. Note that these analyses do not account for any pile thermal
resistance.

After having developed the previous analyses, based on the assumption of a 2-U pipe
equipment per energy pile, estimate the appropriate value of thermal resistance R’ gy, for the
considered case study through the figure proposed by the SIA-D0190 (2005) depicting typical
values of thermal resistance for energy piles (cf., annex). Next, perform two different analyses
with the infinite cylindrical-surface source model and the infinite line source model to estimate
the temperature change in the energy piles according to the following more rigorous approach
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AT = G[R' gne + G;(t, R)] 4)

The minimum temperature value in the soil of 1 °C may be prescribed to prevent freezing
and the heat pump performance to drop. Is this margin respected considering the worst-case
prediction of the models? If no, define the maximum linear power for which, in the worst-case
scenario among those considered above, the considered requirement is respected. Modify the
number of piles to are to be equipped accordingly.

4. Cooling supply

Assuming that the cooling power is constant during the period of interest, estimate the linear
thermal power that is applied to the energy piles.

Based on the flow chart proposed by the SIA-D0190 (2005), is the long-term temperature
evolution of the ground a concern for this design? If yes, please define the range in which the
amount of heat injected should remain while using direct cooling. Does this range provide
acceptable linear heat injection levels? If no, how many piles would you need to equip? How
does the linear power evolve during heat extraction?

How much heat is needed to guarantee the feasibility of this solution in addition to the 105
MWh? From which source this heat could be obtained to ensure the sustainability of the system?

5. Estimation of the temperature variation in the piles due to cooling
Based on the linear thermal power involved with heat injection, estimate the temperature
change at the end of the cooling period (i.e., t = 4 months) through the four methods considered
thus far.

6. Conclude on the present design
Based on the obtained results presented in this study, specify the number of piles that are to
be equipped with energy piles, the maximum linear thermal powers involved for heating and
cooling as well as the resulting temperature changes in the piles.

7. Comments on the simplified infinite cylindrical-surface and line source models
Assuming a linear thermal power of 1 W/m and considering the material properties
employed this far, estimate with the simplified infinite cylindrical-surface and line source
models (i.e., do not consider the pile thermal resistance) the evolution of the temperature change
from the energy pile wall with radial distance from the pile axis up to the value of r = 10D.
Plot the evolution of the temperature change from the pile wall with radial distance obtained
with the two approaches for time steps of t = 1, 5, 10, 20, 40, 80, 160 and 182.5 days. With
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reference to the pile wall and for the considered time steps, estimate the error between the two
solutions. Justify the obtained results.
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Annex

Significant groundwater flow?
Darcy's velocity > 0.5 - 1 m/day?

Heat extraction uncoupled from "cold extraction”
(seasonal heat storage unfeasible)

Yes

Thermal recharge of soil

Thermal recharge of soil?
(direct cooling of piles or other)

70 -90 % of
extracted energy

>90 % of

extracted energy

Thermal conductivity of soil

=PrL

Progressive soil cooling
with possible problems

for piles related to freezing:
system to be conceived again

Direct cooling of piles becomes
problematic over time because
of the progressive soil heating

/
1.3 -2.3 W/(m K)
(small influence due
to groundwater flow)

1.3 W/(m K)
(clay, silt, etc...)

2.3 W/(m K)
(saturated sand,
saturated gravel, etc...)

1.3 Wi(m K)
(clay, silt, etc...)

2.3 W/(m K)
(saturated sand,
saturated gravel, etc...)

(building heating -

I
Heat extraction from piles

pile cooling)

> 50 W/m
> 100 kWh/(m year)

25 - 30 W/m
50 - 65 kWh/(m year)

30-35W/m
65 - 80 kWh/(m year)

25-30 W/m
50 - 65 kWh/(m year)

30-35W/m
65 - 80 kWh/(m year)

(buildinglcooling -

T
Heat injection in piles

pile heating)

> 30 W/m
> 80 kWh/(m year)

Maximum 30 W/m on average
Approximately 20 to 60 kWh/(m year)

Figure 1: Design chart for energy design of energy piles (SIA-D0190 2005).
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—O— Hollow pile with 2 U tubes
—Il Solid pile with 2 U tubes
—A— Solid pile with 3 U tubes
—[~ Solid pile with 4 U tubes
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Figure 2: Design chart for energy design of energy piles (SIA-D0190 2005).
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