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Integrating data centres in the energy system 

Citizens 
• Behaviours 
• Needs 
• Services 
• Values

Renewable resources 
Where-When-How much

Waste-Water-Energy 

Integrated Data Centres ?

Circularity 
Waste to products 

CO2 to products 
Waste to energy

Resiliency - security of supply

Sustainability (metrics) 
Wealth 
Economy 
Environment

(New) Technologies => sizes

CO2 sequestration

Management => operation

Infrastructure => synergies & mutualisation

Investments

Products 
Smart Services



Energy balance of a data center

3© IBM Research – Zurich, Advanced Thermal Packaging, 2013 5

Green Datacenter Market Drivers and Trends

• Increased green consciousness, rising cost of power

• IT demand outpaces technology improvements 
– Server energy use doubled 2003-2008; temporary slowdown due 

to economic crisis; resumed growth is not sustainable 
– Koomey Study: Server use 1.2% of U.S. energy

• ICT industries consume 2% world wide energy
– Carbon dioxide emission like global aviation

Real Actions Needed

Brouillard, APC, 2006

Future datacenters dominated by energy cost; 
half energy spent on coolingSource IDC, 2009

Power Usage Efficiency (PUE) 
3.3 [kJe/kJed]

E [kJe/year] 
[Tflops/year]*[kJed/Tflops]* [kJe/kJed]

▪ Data needs and production efficiency 
▪ Computer technology and computing strategies 

▪ Free cooling 
▪ Location (cold climate) 
▪ Cold resource => lake or sea water instead of air 

▪ Heat recovery 
▪ Heat users 
▪ Temperature 

▪ Water cooling or refrigerant based cooling 
▪ Coordination => data services vs heating services 

▪ Heat storage 
▪ Use renewables 

▪ Coordination => data services vs renewable electricity vs heating services 
▪ Heat storage - Electricity storage 
▪ Electrical grid exchange

Greening a data center ? 4



Data production needs 5

E [kJe/year] 
[EB/year]        *[kJed/EB]            * [kJe/kJed]

Yanan Liu et al., Global Energy Interconnection Vol. 3 No. 3 Jun. 2020 
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Fig. 4 Regression results of the global average PUE of 

1), the PUE value can 
 order polynomial. As a result, a 

mapping function for the latitude and PUE variables can be 

(5)

) denotes the weighted factor, and 
 is a constant. The gradient descent was employed 

.  
The input of the above model in (5) is the training 
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IP traffic in global data centers 
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CHAPITRE 2 – BACKGROUND

Figure 2.6: Value of the most power-efficient system of the list Green500. Graphic based on data from
Green500 lists [20]. A graphic with the FLOPS per watt is available in the Appendix A, figure i.

In figure 2.6, the energy consumed per FLOPS is decreasing to be reduced by 5.8 times between 2013 and
2020.

However, one also has to consider that when a data center is more energy-efficient (less watts/TFLOPS),
its energy losses are also reduced. Therefore, the possible heat recovery is also lower.

2.2.2 CLOUD COMPUTATION COST

COMPUTING PRICING The actual market of cloud computing is mainly hold by Amazon Web Service
(32%), Microsoft Azure (20%) and Google Cloud (9%) [21]. The data center pricing among these three
companies has not resulted in simple pricing methods. The price may depend on the type of work, the
computing time,the amount of data being stored, the software used, the number of nodes, etc. [22]–[24].

Qarnot, a smaller company, has a data center pricing solely based on a combination of time and number of
CPUs used. In other words, a data center price can be priced based on the type of servers and the number
of cores per installed unit. A data center pricing is illustrated in paragraph 2.5.

DATA CENTER COST The investment cost for a data center is very high. According to Qarnot [25],
the investment cost for High Performance Computation (HPC) data center, like the ones from Google
or Amazon, is roughly estimated to 15’000 e/m2. Schneider Electric, a company specialised in energy
management and automation, has developed a tool to estimate the capital cost of a data center according
to a few parameters [26], the overview of the tool is visible in Appendix A, figure ii. Setting the location,
the design capacity, the cooling system, etc. it returns not only the capital cost (total cost of the data center
and specific cost for equipment and labor), but it also returns the facility and IT room area required. A
very basic data center can be modeled with this tool to estimate the cost of a "small" decentralised. The
problem is that the smaller option available on this tool (40 kW) is still much larger than the one used in
this project.

Another way to estimate the investment cost is to take the price of a bare-metal server, i.e. the price of the
physical server only.

9

https://www.top500.org/lists/green500/

Power usage efficiency

Power usage efficiency 6

2427

4711303

1.58
World average value in 2020

1.46
Swiss average value in 2020

1.15 - Safe host, Avenches
1.10 - High DC, La Chaux-de-Fonds

1.09 - Infomaniak, Geneva

adapted from Yanan Liu et al., Global Energy Interconnection Vol. 3 No. 3 Jun. 2020

Sebastien Will, Semester project, IPESE, 2021 



EPFL Data center  (2018)

• Power consumption = 820 kWe 

• 12%  of EPFL bill 

• Cooled by Lake Water 

• PUE = 1.1 [kJe/kJed]

7
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▪ Identify users 
▪ Low temperatures 
▪ Coordinated with data production [kWed vs kWheat] 

▪ Recover heat 
▪ Sensible heat : Water or Air cooling 
▪ Latent heat : Refrigerant1 

▪ Convert heat (adapt temperature to the user) 

▪ Heat pumps :  

▪ Manage heat 
▪ Heat storage

COP =
·Q
·E

= ηC
Tuser[K]

Tuser[K] − Tsource[K]

Recovering heat from data center 8

1. Marcinichen, Jackson B., Jonathan A. Olivier, Nicolas Lamaison, and John R. Thome. "Advances in electronics cooling." Heat Transfer Engineering 34, no. 5-6 (2013): 434-446.



Data centers and heat recovery : hot water production 9

Masanet, Eric, Arman Shehabi, Nuoa Lei, Sarah Smith, And Jonathan Koomey. “Recalibrating Global Data Center Energy-Use Estimates.” Science 367, No. 6481 (2020): 984-986. 

QARNOT : selling cloud computing services 10

▪ http://qarnot.com 
▪ 2 kW heat modules for hot water production integrated in multi family houses

CHAPITRE 2 – BACKGROUND

power. This difference can be decreased by using less conservative value for DHW power usage and by
knowing the energy consumption of cloud computing in Switzerland2. Nevertheless, the calculations
show a great potential for direct heat recovery from data center to DHW.

2.5 QARNOT

Qarnot is a French company mainly active in HPC that developed an ecological heat service. The idea of
the company was to reuse waste heat from data center to heat building. For this purpose, they developed
a computer-heater named QH-1 that can heat room air. The mean problem of the QH-1 is its seasonal
performance; in summer, the heat transfer might be very low or even insufficient. To overcome this
problem, a new computer-boiler named QB-1 was made to heat DHW. In addition to these computer-
heaters, the company developed Oasis, a home automation service implemented in QH-1, and ScaleMax
(in collaboration with Casino), a big data center that uses Qarnot’s computation units. The computation
power of all QH-1 and QB-1 units is sold through their computation service or through ScaleMax.

Figure 2.7: Overview of Qarnot company

ECONOMIC MODEL Qarnot sells their heating units (QB-1 and/or QH-1) to "big" client (the company
does not work for individuals). An IT bay also has to be bought by clients for the management of all units
(independent from the number of units installed), and optical fiber is required.
Qarnot takes in charge the electricity bill from their units and internet (including WiFi) and earns money
by selling computation power. The units are replaced free of charge when they are at the end of their
operating life3.

Qarnot provides a load factor of 1 to their "ecological heat customers", however customers do not
continuously need heat, especially in summer for the QH-1. To overcome this problem Qarnot has
created the company ScaleMax co-owned with Casino [33]. Qarnot has installed a lot of devices in a
warehouse from Casino to create a big data center. Heating devices can be activated or shut-down to
balance computation queries and heat demand. This data center has the necessary to overcome variability
of computation demand. A reserve of computation queries is also kept for hours that are high in heat
demand but low in computation requests. This stock of queries is often computed for free or for a very
low price as they are not executed directly.

2In equation 2.4, the mean power for data center computation was calculated based on world data, however in equation 2.2,
the mean power for DHW was calculated based on Swiss data.

3Hardware inside the "box" are changed and then the device has a new life with other customers.

11
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EPFL New Data center  2021
• Power consumption = 3000 kWe 

• 3.5 x more power for data 

• Cooled by District Heating of EPFL 

• District heating EPFL : lake water heat pump 

• PUE = 1.0 [kJe/kJed] - 0.27 [kJe/kJed] = 0.73 [kJe/kJed]
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Energy in servers Saved in the heat pumps 

(COP = 3.6, Heat 100% recovered at 50°C)

INTEGRATING RENEWABLE ENERGY
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Multi family house, good isolation 
30 hab - 150 m2 roofs 
1410 m2



MULTI FAMILY HOUSE
75+ % CO2 EMISSIONS REDUCTION

493
CHF/y/cap

Energy :             293 CHF/y/cap
Investment  :       200 CHF/y/cap

592 
CHF/y/cap

Energy :           542 CHF/y/cap
Investment :          50 CHF/y/cap

1.10
tons CO2 /y/cap

0.25 - 0.04
tons CO2 /y/cap3.8

m2PV/cap

*renovation10 cts/kWh

Heat with bits ??? 14

CHAPITRE 1 – INTRODUCTION

1.3 CONCEPT

A data center is a dedicated space for servers. In usual servers, the energy consumption is roughly the
same between computation and cooling system. Therefore, the energy consumption can be schematized
as a sum of energy units, where a computational energy unit equates a cooling energy unit.

As previously mentioned, a great reduction in energy consumption could be achieved by recovering heat
generated by servers. Indeed, the actual situation requires 2 energy units (computation+cooling) only to
achieve the computation (which cannot be achieve without cooling).
Beside that, buildings would need to be heated. If a heat pump with Coefficient Of Performance (COP) of
4 is used, it would require ¼ energy unit to produce 1 heat unit. Both needs could be combined to be more
efficient.

Actual model:
1 � for servers + 1 � for cooling � 1 unit computed

1

4
� for heat pump � 1 unit heat

Now, with the suggested scenario, the heat produced would be directly recovered to heat the building.
Therefore, the whole system would use only 1 energy unit and ¼ is saved.

New model:
1 � for servers � 1 unit computed + 1 unit heat

From these simple schemes, one can see that a total of 1¼ energy unit is saved out of 2¼ energy units.

Figure 1.1: Schema of the project HEAT WITH BIT’s [5]

This project could bring solutions to many future societal problems. The amount of energy needed for
the global ICT would inevitably increase, even as data center efficiency improves. The use of renewable
energy reduce dependence on fossil fuels and carbon emissions. The "problem" of renewable energy is
that it is better to consume them were they are produced. The decentralisation of some data centers will
allow to consume more renewable energy.

4

Bits



MULTI FAMILY HOUSE
HEATED WITH BITS

493
CHF/y/cap

Energy :             293 CHF/y/cap
Investment  :       200 CHF/y/cap

0.25
tons CO2 /y/cap3.8

m2PV/cap

*renovation

1154
CHF/y/cap

Energy :             435 CHF/y/cap
Investment  :       212 CHF/y/cap
computers (20 years) : 507 CHF/y/cap

0.32
tons CO2 /y/cap4.5

m2PV/cap

*renovation

Heat with bits : Comparing investment 16

493 
[CHF/cap/y]

1154 
[CHF/cap/y]

Reference house



Energy and installed capacity 17

444 2427

4711303

Reference house

Heat with bits

The complete system 18

1420 
[CHF/cap/y]

1154 
[CHF/cap/y]

Heat with bits

Data center

House



Heat with bits 1154 [CHF/y/cap] 
▪ OPEX :    435 
▪ CAPEX :   719 

Electricity : 234 [Wy/y/cap] 
▪ PV Production : 117 
▪ Electricity in : 260 
▪ Electricity out : 33

Power usage for 164 [Wdy/y/cap] 19

House : 1420 [CHF/y/cap] 
▪ OPEX : 293 
▪ CAPEX : 200 

Electricity : 371 [Wy/y/cap] 
▪ PV Production : 97  
▪ Electricity in : 161 
▪ Electricity out : 38 

Gas : 41 [Wy/y/cap] 

+ Data center 
▪ OPEX : 420 
▪ CAPEX : 507 

▪ Electricity in : 240 

PUE[kJe/kJed] = 240 − (371 − 234)
164 = 0.63

PUE[kJ/kJed] = 240 − (371 + 41 − 234)
164 = 0.38

[CHF/kWhd]Minimum pricing = 0.34 - 0.8

Free energy supply

same heating cost

Data cost and perspectives 20

[CHF/kWhd]Minimum pricing = 0.34 - 0.8

Free energy supply

same heating cost

▪ Reference cost : Qarnot (F) : 2.4 - 6.6  

▪ Cryptocurrency mining : 1.41  (Bitcoin, 2018) 

▪ Next : 
▪ on-demand data production 
▪ on-demand heating services 
▪ on-demand grid services

[CHF/kWhd]
[CHF/kWhd]
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System integration : Electricity from biowaste and photovoltaics

Seasonal storageBioSNG

SCCER-BIOSWEET, SCCER-FURIES & SCCER-JA S&M 
Support from Gaznat

Power2Gas

Figure 9: Multi-objective optimization solutions for an urban feeder in west Switzerland. Top: District-
level (A) and building-level (B) solutions are represented by the bars on the left and right respectively
(abbreviations in nomenclature). Bottom: The self-consumption and self-su�ciency are denoted by
continuous and dotted lines respectively

Figure 10: Urban feeder power profile for (left) day 222 - relative investment threshold✏inv =60% and
(right) day 72 - relative investment threshold ✏inv =60%

15

Left : building design 
Right : district design

Investment options

15% increase

Micro-grid self-consumption

Generating options

Micro grid integration

 sequestrationCO2

HARVESTING EFFICIENCY : DISTRICT HEAT PUMPING
USING CO2 NETWORK DISTRICT HEATING SYSTEM

Decentralised 
Heat Supply

30 °C

17°C

D. Favrat, C. Weber, CO2 based district energy system, U.S. Patent 2010018668

CO2
Distribution

High temperature: >80°C

Data center : 30°C
Waste water : 13-20 °C

Ground water : 10 °C
Lake water : 7°C
Refrigeration : < 0°C

Decentralised
Energy harvesting PV

L
V

Grid



INTEGRATE : AUTONOMOUS CITIES

PV Industrial Waste Heat

Heat pumps
Photovoltaic

Environnement

Data centres

CH4 CO2

Schorcht et al., 2013 [128], Pascal et al., 2015 [129], IPCC, 2018 [188], Wang et al., 2017 [130], Suhr et al., 2015 [131], IPESE, 2017 [132], Cusano et al., 2017 [133] , Roudier et al., 2013 [134], IPCC, 2007 [135]
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Conclusions : Think System Integration 

Citizens 
• Behaviours 
• Needs 
• Services 
• Values

Renewable resources 
Where-When-How much

Waste-Water-Energy 

Integrated Data centers

Circularity 
Waste to products 

 ? computers ? 
CO2 to products 
Waste to energy

Resiliency - security of supply

Sustainability (metrics) 
Wealth 
Economy 
Environment

(New) Technologies => sizes

CO2 sequestration

Management => operation

Infrastructure => synergies & mutualisation

Investments

Products 
Smart Services


