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Topics to be covered

|. Progress on project tasks
2. Potential for using mains water for cooling underground tunnels

3. ldentification of waste heat sources and cooling requirement

4. Data centre energy use in UK
5. Publications

6. Future work
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Project Progress
Task Duration Status
Submit two conference paper abstracts on waste heat Oct-Dec Accepted. Papers to be written by Feb 2016.

recovery: CIBSE Technical Symposium,April 2016;1IR 2015
Gustav Lorentzen Conference,August 2016

Advise Government on UK data centre energy use Oct-Dec Draft paper in preparation.To be submitted
2015 for journal publication, Feb 2016

Establish student projects investigating use of mains Oct 2015 - Underway. Planned applications: Food

water for cooling April 2016 Factory, Cambridge; Data Centre, Dublin

Construction and commissioning of data centre test Oct 2015-Jan  Delayed. Priority given to investigating mains
facility 2016 water cooling applications. New completion
date June 2016

Finalise roadmap on data centre cooling Oct-Nov Delayed. Priority given to investigating mains
2015 water cooling applications. New completion
date March 2016
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Using mains water for cooling

* The use of mains water for cooling — CIBSE
2015

* Mains water properties
- temperature 5-20°C
- Distributed trunk main across London

- Increasing mains supply temperature by
| °C requires 100 MW of heat

- 5-6°C could be added i.e. 500-600 MW

* Could replace mechanical chillers for a range

of applications e.g. London Underground
stations, large buildings etc.
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Benefits of using mains water for cooling/heat recovery

* Energy, carbon and cost savings
* Raising temperature of mains water reduces

leakage

* Higher mains water temperature reduces
energy input for DHW

* Cost savings e.g. digging up roads
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Development of model for mains water cooling of tunnels

Assumptions

* 500 m twin tunnels, each containing

2o 4 x 0.1 m OD pipes

20.0 \’\_-_\ ] .

15.0 Ny * Average tunnel air velocity 6 m/s
\A\t/v Tunnel temperature 30°C and

0.0 isothermal throughout

< ¢ No fouling or finning

Primary system is close coupled

No latent cooling is modelled
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Model inputs/outputs

Overall heat transfer coefficient and total heat transfer rate for 0.5 km
pipe 0.1m OD. Tunnel air velocity 6 m/s.

225 0.42
g o aA A AR 0415 4
£ s g
z 2 Y 041 &
s )
z Y S e R R A S A S 0.405 §
»
€ s S 04 &
- 4 * -~
Mains water temperature vs month § / ‘.0 0.395 %
25 5 {y =
4 { o
€ 4] 039 &
1 £ 4 5
] £ It 0385 &
] w [ ®
20 2 205 : 038 ¢
] '=‘! * 0.375 T‘og
-] -83.3% of Year g ) =
:,3 20 +* T 0.37
‘; 15 0 0.5 1 1.5 2 2.5 3
g
E -53.3% of Year Water velocity in pipe (m/s)
e
g Overall heat transfer coefficient (W/m2K) + Total heat transfer rate (MW) (8 x pipes)
E 10- -33.3% of Year
Predicted heat transfer data
- +6.7% of Year 35.0 700
5 '
1 | ]
i i ! i Y 30.0 600
I H ! 1 b < X
1 i =
] I | _.E_ —=
. i : £ 250 s00 EE
0 i it P H T &= ‘E =
November January April June August October December ?.. =t
S 200 400 % %
S =
E %8
2 150 300 9%
o = = 'l:-
z pE
% 100 200 5§
g §2
5 50 100
=
0.0 0
0 2 4 6 8 10 12
Tunnel Air Velocity (m/s)
| m Overall HTC (W/m2K) 4 Heat Flux (W/m2) ® Heat transfer rate (W/m) ‘




London South Bank LSTUTED

University
Model predicted heat recovery/cooling
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Plan for large scale trial

|dentify site for trial

Investigate options for temperatures/velocities

Optimise design

Trial

Long term modelling
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Mains water cooling — potential applications |

ISTUTEWN

Individual . Why is mains R How would
L. ) . Does cooling ) Requirement for How would
) Proximity of |cooling Total waste How suitable water cooling . . . the water
- Presence in ) R demand vary L winter cooling, why [they cope in N
Type of heat |Specific cooling demand (or | heat output |Waste heat for cooling are more beneficial cooling What are the
L, the London seasonally? don’t they use some [summer when N
source application demand to waste heat of sector [temperatures? [the TW water . . than other R system benefits?
area _ When is cooling other form of free TW is not . .
trunk main?  |output) (Mmw) temperatures? | forms of ) : interface with
required? ) cooling? available? L.
(Mmw) cooling? application?
Cooling required
Varied during g q
by LU in Currently London
the year. Only . , Thames Water
- summer, while Underground don’t Secondary
available for ) . ) Use of leakage, LU
London 2MW/ 25 MW (own . TW requires cool in winter, but . water loop
Yes X ) 25-30°C part of the .. |mechanical . reduced energy
Underground station estimate) . heat (and can they could benefit (in _ through pipes .
cooling season ) . chiller ) consumption for
) provide most summer) from winter in tunnels .
required for . i . cooling.
cooling) in cooling
underground. -
winter
UKPN Yes 1.63MW/
substation transformer
Infrastructure
National Grid
- 6.8 MW/
electrical Yes 40 MW 55°C
) transformer
infrastructure
Hospitals Yes
Depends on
the system. TW leakage
Densly occupied Primary reduction/
buildings have a system could [reduced energy
Number of demand for cooling. be connected |use and cost of
months i Maybe regarded as a to air return or|mechanical
More cooling Use of . )
. . depends on . - renewable energy . additional chiller, lower
Offices Yes 308 MW 28°C required during mechanical .
temperature techology and . heat condenisng
- summer months chiller
required therefore could excahnger can [temperature and
Building air months contribute to the be fitted therefore higher
conditioning Merton Planning Rule witnin the cop. May assist in
Gareth to check. chiller to planning
reject heat to |applications
water
TW leak
Number of . ea. age
- Primary reduction/
months More cooling Use of
) . . _ ) system could |[reduced energy
Retail Yes 616 MW 28°C depends on required during mechanical
. be connected |use and cost of
temperature summer months chiller . .
} to air return mechanical
required -
chiller
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Mains water cooling — potential applications 2

Individual . Why is mains . How would
L. ) } Does cooling ) Requirement for How would
. Proximity of |cooling Total waste How suitable water cooling . ) . the water
. Presence in i ) demand vary .. |winter cooling, why [they cope in )
Type of heat |Specific cooling demand (or | heat output [Waste heat for cooling are more beneficial ; cooling What are the
. the London seasonally? don’t they use some |summer when )
source application demand to waste heat of sector [temperatures? |the TW water i . than other i system benefits?
area i When is cooling other form of free TW is not . .
trunk main? |output) (Mmw) temperatures? . forms of | . interface with
required? ) cooling? available? L
(Mmw) cooling? application?
Suitable for
L TW leakage
rejection of Secondary reduction
0.5-1 MW/ |32 MW LOW refrigeration ) . Cooling requirement |Use of water loop to !
. Cooling required . ) ) reduced
Supermarkets Yes Large - Gareth to 32°C system heat, so of supermarkets in mechanical refrigerator ] )
. year round ) . refrigeration
supermarket check potentially winter? chiller [freezer
system energy
useful/ condenser .
. . and running cost
Commercial beneficial
refrigeration TW leakage
If they are ) g
. . reduction, free
Suitable for already free Primary .
L ) . ) Use of cooling of data
3.5 MW rejection of Cooling required |cooling, why ) system could
Data centres Yes 86 MW 25-35°C R . i mechanical centre for
/data centre refrigeration year round might they . be connected | .
- ) chiller . significant
system heat switch to mains to air return .
. proportion of
water cooling?
year
Food
rocessing, 35-70°C (varies . Seconda
Industrial P 8 . _( Large cooling v
manufacturing Yes 11.4 MW | depending on ] . water loop to
processes ) requirement in winter
and chemical process) waste water?
processing
Gareth to
check Secondary
) proximities of . Cooling required water loop to
Power stations Yes 945 MW 35°C+ .
power year round provide
Power stations to cooling?
generation trunk main
Can mains water
More heat Secondary .
0.7 MW/ CHP . . . cooling increase
CHP Yes 10.3 MW 45°C rejected in water loop to )
plant : the CHP engine
winter waste water?

efficiency?
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/ Data centre energy use in UK

Estimated % of
Statistic reported Region total electricity Source of information
used

Electricity used in global data centres in 2010 like| Global incl. 1.1-:1.5% | Koomey[1]]
accounted for between 1.1% and 1.5% of total UK
electricity use, respectively.

US accounts for 380% of the DC global market. UK 3.95.5% |BSRIA webinar presentation [5
China, UK and Germany each account #8#/6 of
global DC market. (World data centre electricity ug

235.5 TWh

UK data centres consume c1GW (2% of UK grid UK 2.4% PEDCAresentation[12]
capacity)

Data centres, housing computer servers for indus UK 3% DEFRA [13]

businesses and administrations across Europe,
consumed 56 TWh of electricity in 2007 and are
responsible for almost three per cent of electricity

use in the UK
Currently, data centers that power internstale Global incl.| 1.3% (2011) | BeloglazoyvA.,Buyya R., Lee,
applications consume about 1.3% of the worldwid UK 8% (by 2020)| Y.C. an@omayaA. [14]

electricity supply and this fraction is expected to
grow to 8% by 2020

Own estimate: 2 - 2.75% of total UK electricity consumption at present
12
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Publications

|. Journal paper on reuse of data centre waste heat — published in
Applied Thermal Engineering, Jan 2016

2. Draft journal paper on energy use by UK data centres under
preparation. To be submitted Feb 2016

3. Roadmap on data centre cooling to be submitted for publication
March 2016

4. Conference paper on use of mains water for cooling to be submitted
by 15t Feb 2016
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Future work

Activities Duration Deliverables Due date

Complete journal Jan-Feb 2016 Journal paper |5t Feb 2016
paper on energy use
in UK data centres

Conference paper on Jan-Feb 2016 Conference paper  15* Feb 2016
use of mains water
for cooling/waste heat

reuse

Construction and Jan-Aug 2016 Operational facility [t Jun 2016

commissioning of data Report on test

centre test facility facility construction [t Aug 2016
Publish roadmap Jan-Mar 2016 Roadmap report |st Mar 2016

report



