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LifedHeatRecovery: Valorisation of
waste heat recovery sources

The Aalborg demo case

October 2020 — June 2024

LIFE 4 HEAT
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Demonstration of a complete  recovery

{ © state-of-the-art waste heat

recovery system including a
highly efficient 2-phase passive
on-chip server cooling.

The main objectives:

* Waste heat system layout that enables a connection
both to district heating grid and office building (central
heating).

* Reduce Data Center power consumption for cooling by
min. 20%.

* Increase output temperature for heating to min. 65°C
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Demonstration at the tier 3
AAU Data Center (DC3)
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Innovation in server cooling

SATA NVMe Internal PCle slot
ML2 x16 slot connector connector M.2 adapter (1 per server)

(1 per server) (1 per server) (1 per server) (1 per server) (future support)

Drive bays
— —
s 1 Water Inlet
et (supplies
Front PCle both servers)

riser slot \ls .

—— —p
Server 2 Water Outlet
. - — . ;,;q
TPM chip (under card) ‘ :
TCM socket (China) 12x DDR4 Light path  CPUs with liquid- Water
(per server) DIMM slots + diagnostics cooled cold plates | tubing to major
4x DCPMM slots  button (2 per server) components

per server (per server)

Liquid server cooling (Lenovo, Dell, HP and Asetek) Immersion server cooling (Submer)




Two-phase passive cooling heatflow

Heat sink Q Thermal Management —  Disruptive Innovation
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Benefits using passive server cooling

* Self-regulating closed loop system

* No power needed for CPU/GPU/DIMM cooling
* Canincrease power densities Reduced power for air cooling HPe DL380p 2U server used in demo
* No water connections in servers

* High supply temp. to DH (increased heat pump efficiency)

cond #‘?
" == -
[

N Condenser S ' .
O L3

- :
3 Liquid \ B
f accumulator ¥ \ -
2 [
s |H \ [
: ; § »
A § \ »
: : o
: : \ L]
' Evaporator RN ~
v ~ c. »,. =3 . -
[
»
Wi
[
=
8

N
N
\
N
N




Demo room
with servers
installed
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Demo site b5 2 "t W'}/i" e T = a»
installations 7 ’ tlggg:::g

* Heat pump commissioned
* Tricky to startup due to low water flow
* Work around on safety sensors i
* Enisyst modbus control (start/stop) o 00050109010
* Insulation, personal safety +50degC e
e Future improvements: Insulation of pipes
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-inding our
ouMpIiNg power
‘or the pumps

* Optimum pump speed
* Done without Server 2 loop active

3,5

2,5

1,5

0,5

Status Betriebszeit 3.3d .

Name

V9 Manual Supply Local Connection
s T Local Connection I
Off Dla’-mle

V7 D\rect Cooling Bufl

V10 Manual Supply Heatpump

14 Local Connection

> =51
100% V8 ManualfReturn
P10 District ey o |
Heéting @ 7 &
100% 100% ’ : On
P5 HTHP to District Buffer
e = ay
17 HT HP Heat Si Kihlen on
50.0°C] :‘:ﬁii‘;g&sw Heatpump HT 30kW

V6 HT HP Retufn

T
Temp .‘ Set 40.0°C

13 E24 Input from > 0%
Heat=1538kWh

vol= 2.000m*/h

P th= 27.400kW

VL= 62.000°C

RL= 50.000°C

District Heating

dT- Pump no. 1

20% 40% 60% 80% 100%

Heat= 0kWh ServerMode 0:0ff 31s
‘,’,“::_ﬂ ﬁoﬂw Heatpump W 1HeatPump 2
VL= 0.000°C 2Bridge 0s
RL= 0.000°C
V4 Manual Supply Mode AADFF
Rl
! |
5% P4 Server from
I5 HT HP Cool Side HeatExchanger
Heat= 4611k4h P7 Buffer to

vol= 2.370m*h V5 Manual Return
Mode AAU

-+ > g @ or
50% Set 41Ao-c&27’5
A 16 Server 1_3 HP.

Server

I1 Server room
Heat= 0kWh
vol= 0.000m?/h
P th= 0.000kW
VL=0.000°C
RL=0.000°C

%

Heat Exchanger AAU

12 Heat Exchanger

Heat= OkWh

vol= 0.000m*h

P th=0.000kW
L=0.000°C

RL=0.000°C

P1 Server Rack 1

5 1 "
Heat= 1344kWh e FW 15.16bar
- 5
;0' e Kiihlbetrieb Heat
th=0.900kW
VL= 37000°C 0.50kW
RL= 24.000°C __Server 1 -
RJ 15.26bar
1.7/min _
P2 Server Rack 2
o : 20%
Set 35.9°C =
| 34.0°CHFW 15.57bar
20%

Kiihlbetrieb

RJ

dT- Pump no.7

0.25kW

10% 20% 30% 40% 50% 60% 70%

80% 90% 100%



HPe Server
start-up

e 10 successfully started

 Efficient CPU cooling

* PDU power measurement is
missing

* Increased the room temp. with
10 degC.
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Thank you
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