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Synthèse à l’intention des décideurs

Le laboratoire de Physique des Systèmes Aquatiques (APHYS-EPFL) a été mandaté par le 

Domaine Immobilier et Infrastructures (DII-EPFL) afin de mieux comprendre l’évolution de 

la température de l’eau ainsi que ces fluctuations observées à la station de pompage et de 

proposer des solutions pour l’implantation d’une nouvelle pompe d’eau du lac pour le 

campus.

D’une part, la station de pompage de l’eau du lac sert à alimenter les pompes à chaleur pour le 

chauffage des bâtiments en hiver et d’autre part, l’eau du lac est utilisée pour la climatisation 

de certaines installations. L’eau extraite du lac doit donc être suffisamment chaude (>5.5°C) 

afin de permettre aux pompes à chaleur de fonctionner avec un rendement acceptable mais ne 

doit pas être trop chaude (<7°C) afin de garantir la fonction de refroidissement (Figure 2). 

L’extension des campus de l’EPFL et de l’UniL soumet le DII à des contraintes de débit 

(Figure 9), or la station de pompage est déjà arrivée au maximum de ses capacités.

Le précédent rapport (Bouffard et Wüest, APHYS, 2013) s’intéressait spécifiquement aux 

pics de température enregistrés à la station de pompage principalement pendant l’automne. Il 

avait ainsi été montré que ces augmentations de température étaient dues à des oscillations de 

la thermocline (zone de transition entre les eaux chaudes de surface et les eaux froides 

profondes), aussi appelées seiches ou ondes internes. Ces oscillations de la thermocline ne 

sont généralement observées au niveau de la crépine d’aspiration qu’en automne, période où 

la thermocline descend progressivement avant de disparaître pendant l’hiver (Figures 10 et

11). Cette nouvelle étude confirme ces résultats avec des observations supplémentaires mais 

aussi grâce à une modélisation hydrodynamique (température et courant) 3-D du lac Léman 

sur une année entière.

L’utilisation du modèle 3-D a, en particulier, montré que la bathymétrie particulière (dans “un 

canyon”) autour de la pompe ne pouvait expliquer les anomalies de température enregistrées 

par la crépine d’aspiration. Cependant, le modèle a permis de démontrer que la thermocline 

n’était pas uniforme dans le lac mais était en général plus profonde près des bords (tendance à 

un upwelling permanent dans la partie centrale du lac, Figure 8).

http://aphys.epfl.ch/
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Ce nouveau rapport étudie la profondeur optimale pour l’extraction d’eau (chauffage et 
refroidissement) et envisage trois scénarios pour l’utilisation des eaux du lac pour le 
chauffage et le refroidissement du campus. Le premier scénario (S1) propose simplement de 
redimensionner la station de pompage afin de pouvoir garantir les augmentations des besoins 
en chauffage et refroidissement pour les prochains 40 ans (durée de vie théorique d’une 
nouvelle installation) sans toutefois changer la profondeur d’aspiration de l’eau (~68 m). Le 
second scénario (S2) propose de construire une nouvelle crépine d’aspiration plus profonde et 
le dernier scénario (S3) envisage de séparer les extractions d’eau chaude et froide en utilisant 
deux crépines d’aspiration. Le potentiel des différents scénarios a été testé grâce à une 
projection du modèle 3-D forcée avec des conditions météorologiques prédites pour le futur 
dans un contexte de changement climatique (données CH2011, scénario A1B pour l’ouest de 
la Suisse). 
 
Cette étude montre que dans un contexte de changement climatique, le lac se réchauffe 
(0.12°C/décade, augmentation déjà observée en profondeur) et la thermocline a tendance à se 
renforcer et progressivement descendre au cours des années. 
 
Scénario S1: Pas de changement de profondeur. 

• Fonction de refroidissement. La fréquence des pics de température va doubler d’ici 
2050. 

• Fonction de chauffage. Le réchauffement du lac garantira une eau constamment à plus 
de 5.8°C à cette profondeur à l’horizon 2050. 
 

Scénario S2: Augmentation de la profondeur de la pompe. 
• Fonction de refroidissement. Un déplacement dans la zone des 80 m permettrait de 

s’affranchir des événements de pics de température jusqu’à l’horizon 2050. 
• Fonction de chauffage. Malgré la tendance au réchauffement du lac, cette solution 

n’est pas optimale car l’eau restera relativement froide. 
 

Scénario S3: Séparation des fonctions de chauffage et de refroidissement. Ce scénario semble 
avoir le plus grand potentiel. 

• Fonction de refroidissement. Construction ou déplacement de la pompe dans la zone 
des 80 m (Figures 14 et 15). 

• Fonction de chauffage. Un déplacement vers le haut de la pompe pour le chauffage 
permettra d’augmenter les rendements des pompes à chaleur, et ce, surtout en automne 
(Figure 20). Cependant, il convient également de considérer l’augmentation de 
l’activité biologique dans les eaux peu profondes (jusqu’à 35 m, données CIPEL) ainsi 
que la présence de filets dérivant dans la zone des 0-50 m de profondeur. Dès lors, 
placer la pompe pour le chauffage à 35 m de profondeur paraît un compromis optimal. 

 
En conclusion de notre analyse basée sur l’évolution spatio-temporelle de la température du 
lac, nous recommandons de séparer l’extraction d’eau chaude et d’eau froide avec deux points 
d’aspiration : 

• Eau froide pour la climatisation captée à 80 m de profondeur pour garantir une 
température stable durant les 40 prochaines années. La maintenance à 80 m de 
profondeur sera toutefois plus compliquée qu’à la profondeur actuelle. 

• Eau chaude pour le chauffage captée à 35 m de profondeur pour bénéficier des eaux 
chaudes en automne et au début de l’hiver. Bien que l’activité biologique est fortement 



APHYS / ENAC / EPFL  page. no. 3 
 

 
 

réduite à cette profondeur et durant cette période, il conviendra de réfléchir à des 
solutions pour éviter un encrassement (« biofouling »). 
 

Cette solution nous semble énergétiquement la meilleure, surtout si elle est combinée à une 
architecture intégrée permettant de recirculer les eaux froides et chaudes pour la climatisation 
et le chauffage (data center, etc.). Enfin, l’utilisation de deux crépines d’aspiration offrira une 
redondance en cas de problème.  
 
 
 
 
Prof. Alfred Wüest       Dr. Damien Bouffard 
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1 Lake Geneva as a heat source and sink

Large water bodies represent a huge and mostly unused reserve of energy. In
fact, their thermal capacity and inertia allow them to remain much more stable
than the atmosphere, especially at intermediate and large depths. Lakes and
oceans are thus typically warmer than their surrounding environment in winter,
and colder in summer; although this buffer effect is also present at shorter
time-scales. Potentially, water from these bodies could be used for heating and
cooling throughout the world, avoiding to rely on other, non-renewable and
more energy-intensive systems.

The present report focuses on developing such a use from the Lake Geneva
deep water. Specifically, the pumping unit and associated power station in-
stalled between Vidy and Saint-Sulpice, operated by the EPFL and UniL cam-
puses, are examined. The system allows substantial savings in both energy and
greenhouse gases emissions; it is therefore crucial to both campuses in terms of
finances, sustainability and public perception.

1.1 Current system

Since 1985, using a pump located at a depth of approximately 68 m, the EPFL
and UniL campuses withdraw water from Lake Geneva yearlong, for two major
and opposite purposes [1]:

• Direct cooling (for equipment, lab experiments, air conditioning, etc...).
Ideally, water temperature should remain cold (below 6 or 7 ◦C) and as
stable as possible.

• From September to May, heat extraction with heat pumps (mainly for
building heating). For this purpose, warmer water is preferred, as it con-
tains more energy and allows a higher efficiency of the heat pumps, thus
reducing the amount of water that needs to be drawn out and associated
electrical energy use. As a specific requirement, temperature should be at
least higher than about 5.5 ◦C; otherwise, considerable flow rates may be
required to sustain heat demand during the coldest days.

As for EPFL, an underwater pipe brings water up to the so-called heat pump
power station (CCT), where it is processed for distribution across the campus,
depending on the needs (Figure 1). Since the start-up of the system, the average
pumping rate has been increasing steadily, following the campuses growth.

3
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Figure 1: Simplified current infrastructure. Coordinates on the Swiss grid
(CH1903) are indicated.

Globally, as a single fixed pump is used, the system faces a double constraint:
it requires water that is simultaneously cold enough for cooling and warm enough
for heat extraction. Under normal conditions, the water is pumped at a nearly
constant temperature of about 6.5 ◦C. From EPFL, it is then discharged, with-
out any treatment, into the Sorge, a nearby river, and in Lake Geneva at a
temperature of 12 to 14 ◦C if used for cooling and 2 to 3 ◦C if used for heating.
Including the rivers into which UniL rejects water (the Chamberonne and the
Mèbre), a recent study [3] concluded that water rejection was extremely likely
not to have any noticeable impact on the rivers aquatic life, as temperature con-
ditions are not degraded and flow rates are low enough to cause no substantial
disturbance.

1.2 Issues

Recently (in the past five to ten years), several issues have arisen in the oper-
ation of the previously described heat extraction system. The temperature of
the pumped water, most of the time constant around 6.5 ◦C, sometimes peaks
up to 10 or even 11 ◦C for a few hours (Figure 2). It has been observed that
these events occur more often around late autumn and are sometimes directly
correlated with a sharp increase in the pumping rate. As shown in a prelimi-
nary study (Bouffard and Wüest, 2013), the most obvious reason is the deep

4
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location of the thermocline structure (or metalimnion) at this time of the year,
in addition to wind effects [4] [5]. The system would then be pumping water
from much warmer layers, within the thermocline or even above. These peaks
could be furthermore reinforced by the increase of the pumping rate. Indeed,
if the latter is too high, the pump head can suck warm water even without
being plunged in it. In other words, if the lower limit of the thermocline is
located just above the pump, it may be sensitive to the induced perturbations.
Another observed phenomenon is a regular oscillation of the temperature over
several days. That could be provoked by internal waves (or seiches) [6], which
are periodic oscillations of the thermocline caused by a strong but temporary
wind forcing.

A second more recurrent problem is the occurrence of extended periods dur-
ing which temperature is rather low, i.e. between 5.5 and 6 ◦ (also shown in
Figure 2). This is generally observed in late winter (around March) and causes
difficulties for heat extraction. Indeed, the heat pumps have been designed to
work best at slightly higher temperatures and these cold series may exceed the
capacity limits of the system in terms of heat supply.

Figure 2: Measured pumped water temperature (2012-2013). Realistic lower
(5.8 ◦C) and upper (7.2 ◦C) limits for optimal operation conditions are shown.
The red lines highlight critical periods.

These events have important impacts on the infrastructure that depends
on lake water heat exchange, and force the campuses to redesign their energy
system. Given the extended period over which it is expected to keep work-
ing, making reliable predictions about the future conditions of operation (lake

5
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behaviour, climate evolution, campuses growth, etc.) is necessary.

Without including all details, the analysis of historical data (gathered at sev-
eral locations) leads to the following conclusions about the temperature anomaly
events observed at the pump:

• Thermocline motion, capable of bringing down homogeneously warm wa-
ter, is the single factor liable to cause, by itself, temperature peaks such
as the ones measured. The short duration and sharpness of these peaks
indicate that natural internal waves (i.e. vertical dislocation of stratified
layers) cause those rapid changes, sporadically and temporarily plunging
the intake into warm water.

• Fast pumping may exacerbate the problem, but only when the lake stratifi-
cation is already critical. However, it is not expected that further increase
will have much impact on the strength and frequency of the peaks. As
shown in Figure 3, the highest effect occurs at low pumping rates.

• Long-term warming of the lake, slow and irregular but clearly detectable,
can be assumed to globally augment the water temperature, thus forcing
lake water-based cooling systems to move deeper, but without having a
specific impact on the thermocline behaviour (although this particular
point should be researched more thoroughly). Statistical linear regression
trends based on nearly 60 years of data at the lake deepest point are shown
in Figure 4.

• Over the last 20 years, temperature at 100 m depth was recorded below
5.5 ◦C only three times, at different periods of the year (Figure 5). This
is interesting in terms of heat extraction and suggests that even deeper
water could be used for this purpose.

6
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Figure 3: Theoretical total height of influence versus pumping rate at different
stratification strengths [14]. For example, at a pumping rate of 1 m3/s, if the
lake is not stratified, water could be pumped from almost 10 m above and
below the intake point. This value would be reduced to less than 3 m in case of
a well-stratified water column.

7
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Figure 4: Regression slope [◦C/decade] versus depth at the lake deepest point,
based on regular profiles from 1957 to 2012. The solid line is the actual value,
while the dashed lines represent the 95% confidence interval.

Figure 5: Temperature evolution at different depths from the historical profiles
at the lake deepest point.

8
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2 Concrete case study

Based on the elements explained above, an abnormal temperature event will
be presented and a detailed explanation attempted. The end of year 2012 will
be focused on, as a calibration issue makes the readings from the years before
questionable. The retained period, during which several peaks occur, runs from
the very end of October to early November. The pumped water temperature,
recorded temperatures at Buchillon, wind speed and direction from the Pully
weather station and pumping rate are displayed one above the other in Figure 6.

Figure 6: Temperature peaks and possible explanatory variables (2012). Wind
direction is its origin given as the clockwise azimuth from the North.

9
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Proposed explanation:

1. On the 26th, 27th and 28th of October, rather strong winds blow from
the North and induce mixing in the lake, with three distinct peaks. This
triggers a steady cooling of the surface temperature at Buchillon, due to
water upwelling, mixing and heat loss.

2. On the 29th of October, the temperature at 36 m depth at Buchillon rises.
This could be the result of the return of a surge caused by the wind events,
as warmer water is pushed down on the North shore. Nothing more than
small disturbances appear at the pump.

3. After the 29th of October, the wind is calm. The 36 m Buchillon probe
records a drop in temperature to the lowest point in the past three months,
and then a second noticeable (although softer) increase. This corresponds
perfectly to a large-scale oscillation of the thermocline, with an observed
period of about 77 hours (between the two maxima), which is consistent
with the conclusions in [6].

4. As Buchillon is at its coldest point, the temperature at the pump jumps
from 6 to 8, then 10 ◦C, and back to plateauing above 8 ◦C.

5. A powerful westerly wind starts on the 31st of October and lasts three days,
provoking further forcing. At the end of this period, both the pumped
water and the Buchillon probe are almost back to a normal temperature.
However, sharp oscillations of the surface temperature at Buchillon are
observed as mixed, cold water gets pushed there by the wind.

6. On the 2nd and 3rd of November, the temperature of the pumped water
undergoes three oscillations of growing amplitude, the last one going past
11 ◦C. Other peaks follow. The windy conditions can be supposed to have
amplified a motion that had already started a few days earlier, bringing
the warm layers very deep into the lake. Nothing is sensed at Buchillon,
except the continuation of the low frequency wave already mentioned.
Once more, spatial variation is remarkably noteworthy.

7. As everything seems to return to a calm state, on the 6-7th of November,
the temperature upsurges again, remaining above 10 ◦C for a couple of
hours. This last peak matches remarkably a peak in the pumping rate.
After the turmoil of the past few days, it is possible that the thermocline
is located very deep at this moment and thus likely that the pump can
disturb it and draw water from the warm layers.

10
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3 Three-dimensional numerical model

The flow solver Delft3D is used to model Lake Geneva [16]. Given initial temper-
ature conditions and external time- and space-varying boundary forcing (wind,
atmospheric pressure, weather, inlets/outlets, etc.), simulations are run and the
results compared with the measurements. Calibration of several parameters is
attempted, in order to achieve the best possible representation of the physical
behaviour of the lake.

As a default set-up, a grid with 500x500 m cells is used (Figure 7). It is
curved along the lake and has a maximum lengthwise number of cells of 181 by
35. In total, 3764 of these cells represent the lake, each of which is assigned a
depth. Vertically (from the surface to nearly -300 m), there are 100 horizontal
layers of increasing thickness. In order to allow the lake to form waves and tides,
a few air layers (adding up to 1 m thickness) are set on top of the water surface.

Because of the realistic external forcing, the simulations are performed over
a precise period. The solver time resolution is one minute, which appears to be
sufficient, as a decrease does not yield any significant change.

Figure 7: Numerical model default grid and bathymetry (in continuous shad-
ing). Colour code: greener means shallower, bluer means deeper.

3.1 Initial and boundary conditions

The salinity profile measured at the deepest location is interpolated at the first
simulation time and used to initialize the model. This variable is therefore hor-
izontally uniform. The lake temperature is smoothly initialized using the mea-
surements from three locations (deepest point, Chevrens trench and Buchillon),
by means of a bell-shaped dependence to distance. The lake is initially at rest.
A time-varying interpolated wind and pressure map, based on MeteoSwiss data
(COSMO-2 operational model in hindsight), is applied to the lake surface. In

11
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addition, a heat flux model specifying, at hourly resolution, the air temperature,
air humidity, solar irradiance and global cloud coverage is also used as a forcing
input.

3.2 Parameters

Table 1 lists the different numerical parameters that were used, along with their
typical values and a description of their physical meaning and effects on the
simulation results.

On the whole, after extensive calibration, the numerical model has been
found to describe the lake thermal behaviour quite satisfactorily. As previously
shown [16], the forcing by realistic wind over the whole surface allows for a
good prediction of water mixing and associated temperature variations, which
is crucial for the present project. Thermocline structure and evolution, internal
waves and lake circulation are well reproduced. The vertical diffusivity, Stanton
number, as well as the wind drag coefficients, are critical for the control of
vertical heat transfer and stratified layers behaviour. Several weeks of simulation
time are usually required before the model coincides best with the reality, as
the whole lake must be set into motion and brought to a physically consistent
state.

Of particular interest here, the model correctly highlights the difference be-
tween temperature time series close to and far from the lake shore, at the pump
depth. Indeed, thermocline oscillations and alongshore currents affect the ther-
mal structure much more strongly close to the borders than near the middle
(where oscillation nodes and vortex centres are often located). On average, the
thermocline is shown to adopt a typical convex profile, which is disadvantageous
for the purposes of the present project (Figure 8).

12
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Parameter Typical value Description
Vertical eddy vis-
cosity

0 m2/s Parameter controlling the friction
between the layered water bodies.
A larger values induces increased
motion damping between the hor-
izontal layers.

Vertical diffusivity 5×10-7 m2/s Parameter regulating the strength
of vertical heat transfer. The larger
it is, the faster the lake will homog-
enize, erasing the stratification.

Bottom roughness
(Chezy formula)

60 m1/2/s Constant representing horizontal
friction between the water and the
lake bed. A larger value increases
kinetic energy losses (i.e. dissipa-
tion) at the very bottom.

Wind drag coef-
ficient (piecewise
linear relation)
(adapted from [17]
and calibrated)

0.5 m/s: 0.0160
4 m/s: 0.0018
100 m/s: 0.009

Relation describing how the wind
drag coefficient varies with the wind
speed, and thus controlling the in-
tensity with which a given wind
forcing can move and mix the lake
water

Stanton number 0.0050 Number controlling the heat con-
vection from the air to the water,
at the lake surface. The larger it is,
the more influence the atmosphere
has on the temperature of the lake
upper layers.

Dalton number 0.0008 Number controlling the evapora-
tion rate at which lake surface wa-
ter may vaporize to the air. A
large value implies fast evaporation,
which is accompanied by strong
cooling.

Secchi depth 5 m Value of the depth at which the
Secchi disk is not visible any more;
measure of the water transparency.
A larger value results in less absorp-
tion by the water, and thus deeper
penetration of solar energy.

Table 1: Numerical model parameters.

13
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Figure 8: Average lower limit of the thermocline, estimated from the results
of the model for year 2011. Close to the lake shores, the thermocline tends to
be located at greater depths, which makes it more likely to affect deep intake
systems.

14
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4 Proposed alternatives

Concerning the future of the EPFL water intake in Lake Geneva, different sce-
narios can be constructed, modelled and compared regarding efficiency, cost and
lifespan:

1. Continuing with the current system.

2. Withdrawing water from a deeper point in the lake.

3. Building a second pump head for warm water (heating), possibly including
a depth-adaptive system.

The possible redesign and relocation of the pump in Lake Geneva can be
seen as part of a global project of modernizing and resizing the whole energy
system of the EPFL campus. Therefore, the adopted strategy will have to be
consistent at all the different levels involved. In parallel to the modification
of the intake location, there are several approaches that can help increase the
overall efficiency of the campus energy system. During the winter, if lake water is
too cold, facilities which constantly need extra cooling (such as data centres) can
be used to warm it up before it is sent to the heat pumps, thereby reducing the
water needs. In general, well-thought recirculation of water can be an excellent
way to concurrently respond to the individual needs of the different buildings
and infrastructures.

4.1 Methods

The three-dimensional model is calibrated over the year 2011, using heteroge-
neous temperature data from various locations. The main objectives are to
reproduce as well as possible the lake thermal behaviour at all seasons, espe-
cially around the pump depth (-68 m), which implies a correct modelling of heat
fluxes, water currents, stratification and internal seiches. Then, the model is
run for year 2012, the results are compared to available observations (validation
procedure) and used for analysis.

Each of the above-mentioned alternatives is described and evaluated con-
sidering both the current and future operating conditions (i.e. working with
different meteorological forcing, lake temperature and energy demand). For the
latter, predictions of temperature and lake water usage are made for a period
about 40 years from now (i.e. around 2050), which corresponds to the expected
lifespan of a new system:

• Using the temperature trends displayed in Figure 4, homogeneous lake
warming is assumed and the initial temperature field is adapted accord-
ingly; each horizontal layer of the lake is thus set to a temperature pre-
dicted (extrapolated) from historical observations.

• Air temperature used for heat flux forcing is computed based on the avail-
able local predictive daily changes in annual cycles (CH2011 data, A1B
scenario for western Switzerland, obtained from the Center for Climate
Systems Modeling [18]).

15
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• The campus is certain to keep growing, and so will its need in heat sources
and sinks. Assuming it will still be almost entirely relying on water from
Lake Geneva, the pumping rates are bound to increase, which may have
an effect on the actual properties of the pumped water. Based on the evo-
lution of the campus over the last two decades (for example for heating
energy, in Figure 9), water usage can be estimated in the future. (How-
ever, one should note that, due to the introduction of water recycling and
technical improvements, energy exchange should become more and more
efficient, slowing the increase in water needs.)

All the other parameters are left untouched; therefore, one could say that the
prediction for 2050 is fundamentally the same run as for 2012, but with a higher
initial thermal energy in the modelled system, a modified external forcing and a
stronger withdrawal point. These methods are in accordance with the findings
in [9] and [10].

Figure 9: Temporal evolution of the energy extracted from Lake Geneva for
heating of the EPFL campus [1]. The associated linear regression curve is shown
until 2050. The annual energy totals are normalized with the corresponding
number of degree-days, which quantify the toughness of the winter.

The resulting modelled temperature profiles (over one year, starting on Jan-
uary 1st and corrected for consistency) at the pump location are shown in Fig-
ures 10 and 11. No pumping is considered yet.

16
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Figure 10: Modelled typical temperature profile over a full year, under the
current conditions.

Figure 11: Modelled typical temperature profile over a full year, prediction
for 2050.

17
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Thereafter, the impact of pumping on the water structure has to be taken
into account. In order to estimate the height of influence (i.e. the vertical
extent of the withdrawal zone) of the campuses’ pump, a formula (Equation (1))
proposed in [14] is used. The graphical representation of the effect is shown in
Figure 3 for several stratification levels (ranging from uniform to extremely
stratified layers).

D = 1.76

(
Q

N

)1/3

[m] (1)

where Q [m3/s] is the pumping rate and N [s-1] is the square root of the
normalized stability coefficient, which is expressed in Equation (2).

N2 = −g

ρ

∂ρ

∂z
[s-2] (2)

where ρ [kg/m3] is the fluid density and g [m/s2] the acceleration due to
gravity. To avoid numerical inconsistencies when computing the height
of influence, N2 is bounded from below to the value of 1 × 10−6 s-2.

In reality, the pump is located in a small valley, a few meters above the lake
bottom, which implies that water will be preferentially withdrawn from above
it. In order to consider this particular topography, the zone of influence will be
limited to a distance D singly above the depth of the pump head. Tempera-
tures from the obtained (simulated) discrete vertical profiles are then weighted
according to the distribution set forth in [15] (Equation (3)). The resulting
weighted average is assumed to be the temperature of the pumped water.

wz =
1

2

(
1 + cosπ

z − zp
D

)
(3)

where zp = −68 m is the depth of the pump.

For cooling, the investigated criteria are temperature stability and peaks
occurrence: ideally, the water should remain as much as possible between 6 and
7 ◦C and peaks should be avoided. For heating, the main concern will be the
monthly water temperature at the pump head, so as to guarantee an optimal
heat source when necessary and to avoid cold temperatures that would hinder
the regular operation of the heat pumps.

4.2 Alternative 1 – No change

4.2.1 Cooling

Incidences of strong temperature perturbations already demonstrate the limits
of the current system. Over the years 2012-2013, a dozen peaks above 9 ◦C
have been registered, with the worst irregularities occurring around November
(Figure 2). These problems, which prevent reliable supply of cooling water
throughout the campus, can only be expected to worsen in the future.
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Figure 12 shows the model-resulting temperature time series at the pump
depth (-68 m). Clearly, temperatures appear to be globally higher (on average,
the shift is nearly half a degree, which is roughly half the expected air temper-
ature rise). In addition to this, the period during which peaks are more likely
to occur seems to last longer, now extending to almost the end of the calendar
year. As expected, the predicted thermal evolution of the lake is thus favourable
to heating, but detrimental to cooling.

Figure 12: Modelled typical temperature time series at -68 m (current condi-
tions and prediction for 2050).

Table 2 shows the expected (modelled) fractions of the time (also expressed
in days per year) the temperature of the pumped water remains between 5.8 and
7.2 ◦C, simply below 7.2 ◦C or above 5.8 ◦C, under the current conditions and
as a prediction for 2050. The values observed throughout the year 2012 are also
listed for validation. One may note that in the future, if lake warming continues,
temperature will be expected to always remain higher than 5.8 ◦C.
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<7.2 ◦C 5.8–
7.2 ◦C

>5.8 ◦C >10 ◦C

Observed 0.89
(323)

0.82
(298)

0.93
(339)

1.2×10-3

(0.43)
Modelled
(currently)

0.84
(308)

0.78
(286)

0.94
(343)

1.0×10-3

(0.37)
Modelled
(prediction
2050)

0.55
(200)

0.55
(200)

1 (365) 2.2×10-3

(0.79)

Table 2: Fractions of the time (number of days per year) that temperature is
in a given range at -68 m.

4.2.2 Heating

As the heat pumps are currently operated on rather cold water, they only extract
the energy corresponding to a few degrees of temperature difference. Although it
is not optimal regarding efficiency, this design could be prolonged in the future.
Table 3 and Figure 13 show the modelled (present and future) and observed
(2012) mean monthly temperatures of the pumped water (for the standard op-
eration months, i.e. autumn to spring). Interestingly, at this depth, the lake
inertia allows it to retain most of its heat until January, making the months
before more favourable for heat extraction. Consequently, the first months of
the year, which generally also happen to be the coldest ones, will be critical
and may be limiting for the overall design of a new heat extraction system. In
the future, consistent warming of the lake (of about half a degree by 2050, on
average) should be expected.

Sep Oct Nov Dec Jan Feb Mar Apr May
Observed 6.7 6.7 7.2 7.4 6.8 6.0 5.9 6.2 6.5
Modelled
(currently)

6.7 6.8 7.2 7.5 6.7 6.0 5.9 6.2 6.5

Modelled
(prediction
2050)

7.2 7.4 7.6 8.2 7.5 6.7 6.5 6.9 7.1

Table 3: Monthly average temperatures (expressed in [◦C]) at -68 m.
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Figure 13: Monthly average temperatures at -68 m.

4.3 Alternative 2 – Deeper intake

The most obvious way to respond to the encountered temperature peaks prob-
lems is to rely on more stable water layers, which are located further from the
external influence of the atmosphere. In other words, water could be withdrawn
from a deeper location, at a greater distance from the shores. Even though this
solution requires the installation of a pumping unit in a remote area under dif-
ficult conditions, it remains quite simple and could be sufficient for the present
purposes. A major advantage is the fact that lake water from such locations is
rather inactive biologically, and thus at least as straightforward to handle as the
water currently used. However, this option may cause difficulty with regards to
heating, as the temperature could sometimes drop to alarming levels (especially
around late winter, as previously shown).

4.3.1 Cooling

Facilities requiring cooling water suffer most from the current issues. It is nat-
ural to consider moving the pump deeper in the lake, so as to keep clear of
the warm water surges that have been found to occur. On the other hand,
given the design of the campus energy system, very low water temperatures are
also undesirable. The following graph (Figure 14) displays relevant statistical
characteristics of the temperature down to a depth of 90 m and illustrates its
stability. Additionally, it is crucial to avoid temperature peaks, the occurrence
of which (with respect to depth) is shown in Figure 15. These figures extend to
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all depths the values that could previously only be known at the intake position,
and offer a credible insight into how the lake is expected to evolve.

Figure 14: Time fraction during which modelled temperature is within a given
range. The circles represent the actual observations (year 2012). The green
curve can be interpreted as the combination of the blue and red ones; the
optimum depth is where this curve shows a maximum fraction of time. Like
so, around 75 m depth, temperature is more than 80% of the time lower than
7.2 ◦C and higher than 5.8 ◦C.
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Figure 15: Time fraction during which modelled temperature is above a given
peak value. The circle represents the actual observation (year 2012). At a depth
of 70 m, 10 ◦C peaks occur roughly one thousandth of the time, and this value
is expected to double by 2050.

Several important elements stand out:

• The observed values (circles in the Figures 14 and 15) are quite close to the
modelled curves, demonstrating further validation of the hydrodynamics
model (see also Table 2).

• If one is solely interested in obtaining water that is as cold as possible, the
lower the pump the better. However, if temperature stability is important,
there may exist an optimal zone. Lake warming over time appears to be
pushing these statistical curves down, changing the patterns: for instance,
in the future, water may only very rarely fall below 6 ◦C.

• Guaranteeing the complete non-existence of temperature peaks is difficult,
however, their occurrence seems to decrease very fast (factor 15 from 60 to
78 m depth). It is expected that temperature peaks will take place more
often and reach deeper areas in the future, as a result of the extra warmth
and stronger stratification resulting from climate change.

• In our case, at depths of 75 to 85 m (or greater), water can be considered
sufficiently and steadily cold; even though this might somewhat vary in
the future.
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4.3.2 Heating

The main disadvantage associated with a lower water intake is the energy de-
livered to the heat pumps. Colder water means lower efficiency and thus larger
water volumes to process for a given heat demand. In layers as deep as the cur-
rent system, one can assert that lowering the pump will result in colder water
(on average) throughout the year, which is illustrated in Figures 16 (current
conditions) and 17 (prediction for 2050). However, it is interesting to note that
the coldest months (in general, January and February) are least affected by
this phenomenon (as the whole upper part of the lake is well-mixed during this
period). Therefore, withdrawing water from deeper layers will have a signifi-
cant impact on the performance in autumn and early winter, but not when the
heat demand is maximal. The latter period will thus determine the size and
operating conditions of the system, and intake depth has almost no effect on
this.

Figure 16: Monthly average temperatures at various depths, under the current
conditions.
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Figure 17: Monthly average temperatures at various depths, prediction for
2050. When compared to the previous Figure, the curves have a similar shape
but are higher by about half a degree.

Presented in the previous section, Figure 14 is particularly interesting be-
cause it highlights the zones which are optimal in the prospect of double use of
lake water.

Other characteristics are highly relevant for better understanding and plan-
ning. The monthly variability (expressed through standard deviation) and min-
imum value of the temperature of different deep layers are shown in Figures 18
and 19. As expectable, variability tends to increase in one moves upwards (ex-
cept in winter), and is maximal in April, November and December. The graph of
minimum temperature reveals that large depths (e.g. -85 m) come with rather
low minima, and therefore confirms the potential issues for heat extraction.
As previously stated, this is expected to improve in the future due to climate
change, but at a low rate.
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Figure 18: Monthly temperature standard deviations at various depths, under
the current conditions.
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Figure 19: Monthly minimum temperatures at various depths, under the cur-
rent conditions. The sharp oscillations recorded by the temperature sensors are
not reproduced by the model, which at least partly explains the discrepancies.

4.4 Alternative 3 – Multiple intakes

For heating, as previously highlighted, much energy could be gained from pump-
ing warmer water during part of the winter time. The obvious solution is the
separation of the lake intake pipes, with the installation of a new pump dedi-
cated to water for heating. Naturally, this choice must be examined carefully.

Generally, as a result of the physical dependence between water density
and temperature, warmer layers are located near the surface. One could thus
presume that the shallower the intake, the better. Nevertheless, when cold fronts
hit (which corresponds to rises in heat demand), it is not uncommon to observe
rapid temperature inversions over the top 15 to 25 m [19]. In addition, during
the coldest months (December through March), the upper 50 m of the lake are
reasonably well-mixed, with a low temperature gradient. If these properties can
be exploited, one would avoid the evident drawback related to a near-surface
pump (i.e. the risks for the boats, fishers, snorkellers, etc.) without losing much
efficiency.

On the other hand, warmer implies biologically more active; thus, the possi-
ble presence of plankton or small crustacean must be considered when designing
the system (in particular the pipes, filters and heat exchangers). Even if the
water is very cold at the intake, it may be richer and be stimulated if warmed
up or if stored outside the circulation loops.
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When analysing this alternative, an open question is whether a mobile sys-
tem (that is, a vertical installation with several intake locations that adapt to the
conditions of the moment) would be worth the additional costs and complexity.

As observations demonstrate, when stratification in the lake column is very
close to the intake point, a strong flow rate can bring much warmer water to the
collecting station. The only solution is then to wait until these layers surge back
up. If the withdrawal can be distributed among several locations, the system
can be considered more reliable, in the sense that a quicker response to this
particular issue can be achieved.

4.4.1 Cooling

Considering two separate intakes, water for cooling would always fully come
from the deeper one. Thus, in this case, its properties are not affected and the
results are identical to those of the respective above-exposed alternative.

4.4.2 Heating

Having several intake depths, which allows for optimization of the temperature
at all times (through selective withdrawal and subsequent mixing), could be
very interesting and may guarantee energy savings.

Table 4 and Figure 20 show the average monthly temperatures at differ-
ent depths (from the model). The dynamics of stratification can be perceived
through this data: in early autumn, water is much warmer near the surface;
since November, the upper 50 m homogenize; and afterwards, everything cools
down rather uniformly before a slight surface warming in spring. The same
average values, now from the predictive model, are displayed in Table 5.

Sep Oct Nov Dec Jan Feb Mar Apr May
25 m depth 14.5 14.8 11.5 8.2 6.8 6.0 6.3 7.1 9.4
40 m depth 9.2 9.3 10.5 8.2 6.8 6.0 6.1 6.6 8.0
55 m depth 7.4 7.5 8.3 7.9 6.7 6.0 6.0 6.3 7.1

Table 4: Modelled mean monthly temperatures at various depths (expressed
in [◦C]), under the current conditions.

Sep Oct Nov Dec Jan Feb Mar Apr May
25 m depth 15.4 15.8 12.6 9.2 7.6 6.7 7.1 8.3 10.4
40 m depth 9.7 9.9 11.3 9.1 7.6 6.7 6.7 7.6 8.8
55 m depth 7.9 8.1 8.7 8.7 7.6 6.7 6.6 7.2 7.7

Table 5: Modelled mean monthly temperatures at various depths (expressed
in [◦C]), prediction for 2050.
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Figure 20: Monthly average temperatures at various depths, under the current
conditions.

A shallower intake is especially useful from September to December. Over
this period, historical chlorophyll measurements show that biological activity is
quite low, especially below a depth of 25 m. Therefore, a pump located around
a depth of 35 m should keep mostly clear of the issues associated with active
water while allowing for a better efficiency of heat extraction. Of course, this
pump should not be used during the season of algae growth (i.e. April through
August). Coupling the intake with a chlorophyll sensor is a practical way to
better control the quality of the water.
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5 Conclusions and recommendations

The current lake water-based energy system of the EPFL and UniL campuses
have been in operation since 1985. Due to the expansion of the two institutions
and intensification of their research and teaching activities, the infrastructure
needs modifications and new investments, which should take into account a
potential further increase of the infrastructure use as well as climatic evolution
of the lake.

As influenced by climate change, the lake is getting globally warmer (ap-
prox. +0.12 ◦C/decade below 50 m depth) and is developing a slightly stronger
stratification in summer. As a result, one would have to move deeper to find
the same conditions as before (about 3 m per decade). For the purposes of the
considered project, if water temperature is required within a range that allows
both cooling and heat extraction, the results demonstrate the presence of an
optimal zone currently located at 65 to 75 m depth, but expected to move down
by about 10 to 15 m over the next four decades. Rising pumping rates are not
expected to have any important impact.

As a conclusive summary, the following comments will be made. For sim-
plicity and better readability, they are structured by purpose (cooling and heat
extraction) rather than by alternative.

1. Cooling

• Deeper intake

- If the campus cooling systems are designed such that they tol-
erate short temperature peaks, then one would not need to get water
from very deep layers (as the current conditions would be accept-
able). On the other hand, if temperature stability remains critical,
then a deeper intake would be required.

- In order to keep clear of almost all temperature peaks over the
next four decades, one would have to pump water at a depth of 80 to
85 m. Of course, this great depth makes installation and potential
maintenance more expensive and difficult.

2. Heat extraction

• Single intake

- Using a single deep water intake for both heating and cooling is
possible, however not efficient on the heating side. The heat pumps
would operate on water around 6 ◦C, even when it is warmer at
shallower depths. The main advantage of having a single intake are
the lower investment costs.

• Double intake

- From an energetic point of view, two intakes would be ideal,
as then one would be near the surface (top 40 m) for heat extrac-
tion, and the other deeper for cooling (below 60 m). In autumn,
early winter and late spring, shallower layers are still much warmer
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than the air and the amount of water to be pumped would be signif-
icantly reduced. The investments for an additional intake need to be
compared with the economic benefit of using warmer water.

- Around February however, there is very little difference be-
tween deep and shallow water. Thus, this sets a limit to the di-
mensions of a new system. A disadvantage of shallow intakes are
the potentially higher concentration of algae. However, an analysis
of the CIPEL data suggests that, in the winter time, the biologi-
cal (chlorophyll-a) activity remains very low below a depth of 25 m.
In addition to biofouling issues, human activity (e.g. drift nets of
fishermen) must be considered.

As the conclusive recommendations, based on the results presented in this
report, as far as current understanding permits and with consideration of the
sustained growth of the campus, the use of two intake locations is suggested:

• For cooling water, around a depth of 80 m.

• For heating water, energetically, the shallower would be the better (up to
15 m) but, considering biological issues, a depth of 35 m appears as a good
compromise.

This design would also help responding more effectively to periods of high de-
mand in the future. In particular, an integrated management of the water would
be optimal (recirculation, optimization of the temperature, etc.).
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