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In China and the United States, data centers are growing in
number, size, and intensity, and consume a lot of energy. China and the
United States are both committed to improve energy efficiency, but have
also developed inconsistent standards, specifications, and testing
protocols. In order to promote the influential Internet and IT companies
in China and the United States to exchange and coordinate data center
standards and specifications, to give manufacturers clear market signals,
thereby promoting technology compatibility and cost reduction,
achieving high efficiency and low emission of data centers. Initiated by
Lawrence Berkeley National Laboratory(LBNL), LBNL and China Institute
of Electronics(CIE) jointly launched the U.S.- China Green Data Center
Bilateral Working Group together with Google, Facebook, Microsoft,
Intel, Baidu, Tencent, Alibaba, and JD Cloud. The working group is
supported by the U.S. Department of Energy and the Chinese Ministry of
Industry and Information Technology.
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Liquid cooling is the current focus of the bilateral working group.
Given the development of each liquid cooling technology scheme, it is not
yet possible to prove that the solution is optimal. The technical solutions
preferred by the members of the working groups are different. The
methods of the working group have been continuously evolved. The final
determined method is: to approach from the user's perspective and in
accordance with the business development plan, to explore the need for
liquid cooling. Lastly, the formation and joint release of the "Liquid
Cooling Requirements White Paper." In the later stage, according to the
technical solutions of their respective interests, the Internet companies
interested in the program will jointly work with the technical solution
provider to form a working group to discuss the specific technical
standards around the “Liquid Cooling Requirements White Paper”. The

specific work framework is as follows.
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The content in the white paper was reviewed, revised and
confirmed by the bilateral working group members and now it will be

released publicly.
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Part I. Use-Case Scenario for Liquid Cooling

F—akn: ReNBmR

It is expected that over time the ever increasing data volume will
demand processing chips with higher power density; faster data
transmission, and easiness-to-use requirements would drive the adoption
of machines with increasingly higher energy density. Naturally it will be
more challenging for heat management in data centers.
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As the heat load increases, conventional air cooling methods are
under increasing pressure. Data centers need more powerful fans with
larger diameter, larger space to allow heat dissipation, more effort to

maintain acceptable operating environment, etc. All these will result in
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high air noise, thermal impact to the environment, and will be translated
into increased CAPEX and OPEX.

NI P4 ] 7R T 26 B8 v i S S K AR B XU SRR AR Y
AUAVETE, DA IS AT PRI EER A H P o H by ok B R KU 75
XFIAEEHIIRGEN, LR W AR NI AT A ) BT

On the contrary, liquid cooling technology is able to handle higher
heat load with minimal noise and lower operating cost. It also gives more
leeway to embrace the coming technology advancements for IT
equipment, and allows for heat recovery and reuse so as to achieve
higher energy efficiency and lower environmental impact. But in some
cases liquid cooling comes with higher CAPX investment, which might not
be an attractive solution for lower power density scenarios.

W AT DU S s ORI RE 0, IR AIB AT M, BLIRATIZ
AT o TR AT LGS IT e BIBORBED R AL R B K a3 1], JFaf A
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In light of the above considerations, we believe that once heat load
per standard unit in the 19 inch rack reaches around 500W, liquid cooling
would become popular. Liquid cooling would become a widely

accepted cooling method with considerable market share. And once heat
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load per standard unit equipment reaches around 1000W, liquid cooling
will become the primary cooling method or even the sole method.

BT UL EFERE, AT, 19 FEHHUE P2 &EpRiE UNIT )
FIKF) 500W LA, Ko IR X IEAE R R . Rt v, W
R RN —FRENS A 2 I A S A R . AHUE A
PS5 AR ARAE UNLT 20k 21 1000W 76 A7 B, A4 BN F I M EROE 28,
£ 2 R ME— I EEVE .

(Note 1: Specific consensus is yet to be reached on the evolutionary
path for the relation between a liquid cooling application and average per
standard UNIT power in single IT equipment, and/or the evolutionary
path for the relation with single chip power density. As liquid cooling is
to be used in such cases, relative content in this Whitepaper can be used
as reference.)

CRPRYEET 1. X TR R 5B IT W& P8t UNIT
DhEZ AR R ER AT, DAL Bl Fy D) 38 i 2 (8] O¢ R T HERR AT
FATHARIE AR SER . WFEREREGR S 730 TS A E A5
NHRN . D

(Note 2: Standard UNIT is a unit of thickness for servers. It is put
forward by EIA and has been widely adopted by the industry. It can be
abbreviated in short as U, where 1U=4.445cm.)

CHhFEVEHT 2. FrifE UNIT RIS 7 Dok Phay (EIA) i Jf
Db SR IE AR S5 4% 10 SR A, 48509 U, 1U=4. 445¢m. )
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Therefore we believe it is necessary for the data center designers
and cooling solution providers to give enough attention to this trend, and
to involve more organizations to the development of liquid cooling
technologies.

FERXFEOLN, BTN, B ESEREE 0wt 7 S s
FARAT XM B 2% EAL, JFR S 2 NS 5 BB R
TR K. R, 7555 S HEsh A B TT S 18 A A0 AN T BRI Re
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Ja 82 R M HASR B4R 31

As liquid cooling technologies continue to grow, the first step for a
data center operator is to define a liquid cooling application scenario in
the data center, and then identify concerns and operating specification
requirements for the cooling system. The cooling solution providers can
develop designs based on those specific requirements.

N LR BEER 51, [R5 R B BN AR IRAE AT R JE
TEONEEE ORI, AT DR S BE — AN B TR s v e 1 B
Wdst, S8 LA bt HT P A BE i v B R ds vho0e T B
J7 1R T i 5N RN TR RGH)ORTE SR S B AT S E
Ko BCREOARTRHE 7 AT DA 5812 R BEAT AH R BT K

We picture the use case scenario to be a general-purpose data
center, engaged in multiple regular services such as cloud computing,
video processing, search engine, etc., whose heat load on a per standard

-4-
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unit equipment in a 19 inch rack is no less than 500W, or might be as high
as 1000W or more, under continues and stable operation. The
following contents in this whitepaper are operating specifications of a
cooling system under this defined use case.

PATBE KN I 50 @SR Al AT = ih B ABAL 2
PR G2 R LS5 R sy, 19 JESEHLAE P FR R FRE UNTT 3%
BAGE BT IR MK T 500W, FEAERENEIAE] 1000W LA E. ARH
FoJa BRI N A BN T 55 SR R G0 0 2 BT 2K
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Part Il. Operating Specification for Liquid
Cooling System

BET: MRRREITSH

A. General Specifications
—. BHEX
1. Overall Requirements

1. BB TR

No. |Item Description/Reference Value

FFs | #E5 SHE

1.1 | Cooling Capacity 1. The minimum rack level cooling capacity is
HARE 500W per standard unit in 19 inch rack under

stable operation; the supported cooling
capacity can be 1000W or above.

2. For certain data center IT equipment with
special cooling needs, the cooling capacity
required by equipment vendors should be
satisfied.

3. For certain IT equipment chip with higher
power densities whose vendor recommends
liquid cooling, the cooling capacity required by
the vendors should be satisfied.

1 AR 19 Te~FHLAE AP ) B FR 1 UNIT Dh A
ik T 500W HESAzE HUARE 1, H WL T
1000W LA L.

2 0T S o P R B R A e A A
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No.
5

Item

Ei=f

Description/Reference Value

ZH/E

EN

R IT Besh, TR i 2 12 v st N Fe
IRER I HABE ST -

XL TIT e MBI . BB R
JE, Ht A (RN R BCRBORA J5 2R
i B AL O P O L P TR ESR INT R BE 77

1.2

Operating
Environment for IT
Equipment
IT W &IB T EL %A

No intervention is required on ambient
temperature or humidity, unless the data
center is located at a place with special climatic
conditions, and/or intervention is necessary to
ensure personal safety or to meet special
required operating conditions for the cooling
system.

Dust removal and/or static proof is required.

o ER 030 oo P S AR SRR I, DR BRI
ITYE N N B A BORA RGBT Ik
FAE AR IT WRIBITHERIRE . B
BEAT W EHEESL, 1T WAIBAT MBI IR T |
ML AT R AT AR

i HEAT B 2B S o5 i L AR
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2. Specifications for Infrastructure

2. FEAIHEE R

No. |Item Description/Reference Value
FF5 | f8tn Z2%a
2.1 | Rack Width Minimum 600mm. In case wider rack is needed, the
MR 55 & rack width should be increased by 100mm.
/N 600mm, A0 RAG L EIGIMPLHETE L, 2%
8 100mm Fry 8] b4 o
2.2 | Piping 1. The liquid piping design in a data center should
WRARE % be consistent and based on one specification.

2. Due considerations should be made on system
security and serviceability, with sufficient valves
and pumps in place.

3. Due considerations should be made on coolant
refill and replacement.

Lo ) —H 4 Aot A U A B B IR0 T 5 S0 ) —
B RE .

2. NANFE RGBT 2 et KT, WE
AT ESE S

3 NLFE7r 5 BV AR TR A B 45 ) 75 5K

2.3 | Civil Engineering Due considerations should be made on:

- A

1. The weight of the cooling system.

2. Possible vibration during operation of the liquid
cooling system.

3. Coolant leakage, and its potential damages to
building structures and potential personal

injuries.
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No.
5

Item

LD

Description/Reference Value

ZHE

1.
2+
EN

JS 785325 SRS RGN E

T8 26 FERE R GUISATIN R e AL R 5N
IS 78 7 2 & v FIRUHE e R AE 3 o PR X S SR 4G
HE B 40 T DL RO St IS AT 4R N LN
St

2.4

Coolant

7 IR

The coolant used should be non-hazardous to
humans, environmentally friendly, fire-safe; and
its properties such as
toxicity/corrosiveness/oxidizability/volatility/Gr
eenhouse effect/flammability should be
compliant with pertinent health and safety laws
and regulations of the country where the
cooling system is operated.

The coolant used should have stable chemical
and physical properties throughout service life.
Or changes in chemical and physical properties
have no effect on cooling applications.

Due consideration is made on convenience of
operation and CAPEX +OPEX.

It can be recycled and disposed safely.

BEPE. RRPE. EAME. RV, IREAL.
TR S5 DA 25036 2 HUARE o P LE [ i R
SN B 224 N4 TH B 2 455 U T 1R
LR, J A B RENS I 21 [ Fm 23 DA B BT R B A
B T B o

FEAF o AN RSP 2 DB I RS e, BE 1L
5 A o AR A HLA H N A R AR
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No. |Item Description/Reference Value
PS5 | B ZHE
M) o
3. NiFRIrHE RRIEAT S A R M ER , R
JE R B A T A
4. WA RWOFHAT R FAALHE .
2.5 | Other Materials Requirements are the same as the coolant. In

At AF RS

addition, other materials should meet the

followings:

1. Due consideration is made on easy
disassembly.

2. Recycled materials and recyclable materials are
encouraged.

SR HRESR AR BRIEZ AP

1. N7E7> 25 JEPRR A .

2+ SR FR AR R R AT [k R

2.6

Controls and

Telemetry

5 1) R 3 0 B it

1. At multiple subsystem level, monitoring of
operating status is supported; Centralized
display and control interface (dashboard) is
supported.

2. It supports remote control of valves and pumps
at critical nodes; meanwhile, manual start/stop
function remains enabled.

3. Distributed displays and control interfaces,
voice communications system on each
subsystem should be adequately provided,
according to operation and maintenance

needs.

-10 -
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No. |Item Description/Reference Value
FF5 | B Z2%a
4. Due considerations are to be made on the
safety, reliability and fool-proof design for the
control and telemetry system.
5. Due considerations are to be made on
automated control functions.
1. 5 B &R & BB 7> RS IS AT IR DL AT
P2 R AR E RE 1T B S b s K f i St
2 T EHEAAR AR A S R A R
RS, RN ORE TR EDR .
3. NS G IBAT Y TR REI X % RG W E 2
73 A0 2R 7R LAz S BLRAE S 85 R 5
4, NI ARED R 5 H 5 RisAT 2 etk 5
PELARN SRR B AT B T LIS 70 5 1E
5. MLFE7 7% RE H B D) EE -
2.7 | Disaster Recovery 1. Analysis reporting on liquid cooling system

KA Vit

failures is required; Contingency plan is
required.

2. Critical component redundancy or backup
equipment is required;

3. Sufficient spare parts is required, particularly
consumable ones

1. F SRR R g s Hr e & B N 207

%o

2+ RAEHSAT N PERETU AR B A 2 1 -
3 ZyiRfERIR LTS R A o
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3. Specification for Operation & Maintenance

« BITE4HPER

No.
5

Item

LD

Description/Reference Value

ZHE

3.1

System Level Service
Life
WA RGE FH Ao

>10 years ( For the independent liquid cooling unit
coming with of the IT equipment, the service life
can be consistent with the service life of the IT
equipment .)

AT 10 4 G FJET IT ek B 5 I s vt 1Y)
WA HIT, HAMMAGmalS IT B A —
FO

3.2

Reliability
AEEME

1. Cooling system as a whole should never crash
under any circumstance.

2. Single point of failure in the liquid cooling
system and/or component failure, including
coolant leakage, should not impair normal
operation of the data center as a whole.

1. ARATHE OG0T ZRANBE LIRS RSt R G V) fe
IR o

2. R RGN BT R G SR B R 4t
(R BB At e, A, 4 v H T IR 2 AN B R 4
P REAR IR R BT .

3.3

Serviceability

AIAESE

1. On-site repair or replacement with simple tools
is supported; there is enough room for
operators; during service period, the rest of
the cooling system should be able to continue

functioning, and personal safety is ensured.

-12 -
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No. |Item Description/Reference Value
FF5 | fatn ZHE
2. There should be pre-verified standard

procedures in place for regular maintenance
and service; due consideration is given on
possible human error during maintenance and
repair.

The normal operation of the data center as a
whole should not be affected by maintenance
and repair on the liquid cooling system.

Due consideration is made on easy refill and
replace of coolant. The cooling system stays
functioning during coolant refill.

JS AT i B T B AT I 4 i e e, B
Foor IR E A ), 44 B 6 50k FoAth 1B
BATEAT AT, RYEEN AN 2Tl
&

ok

o

A 21 B AE R BIAT 4ES R B bR R P, B
T2 FEYERLAE N G AT REYE .

W Z G YEY YEAB I AT R B s rh O B AR
1IEHIBAT.

VL7873 2 RSB 28 G b 78 B H v BRI A8
A, HAN 7 BE it NG i A o0 B A

1EHIEAT
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4. Others
4. HAth

Reuse (Optional)
B B K A A
QGIFiRp)

No. |Item Description/Reference Value
FFs | fats SHE
4.1 | Certifications and | At the very least the system should meet safety and
regulatory compliance | other regulations of the country where it is
NS B IN operated.
F R SR 2 B 0 BT AE [ 22 A MR SRR
4.2 | Heat Recovery and | Due consideration is recommended on recovering

and reusing the heat from operating IT equipment.
VO TT W& Ie AT AT UK A AT [ A FE A
TLAFE I HIE

-14 -
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B. General Principles for Use of EQuipment

. &S

1. It is expected that the liquid piping connectors are compliant with
international standards or industrial standards.

2. It is expected that products adopted are modularized and support
plug-and-play.

Ly Ay BBV e 2R B v 12 1 AT VI A 2 1
2. 7 B FH A HRAK FRy A BV R A7 it

Contact information:

ER&RT7

Dale Sartor (LBNL) :dasartor@lbl. gov
383+ (Guo Feng) (CIE) : guofeng@cie—info. org. cn;cieinfogf@126. com

X 48 (Wang Juan) (CIE) :wangjuan@cie—info. org. cn
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