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France Telecom Energy consumption, HVDC, cooling improvement Didier Marquet (FT R&D and ETSI EE2 chairman), Marc Aubrée (FT R&D) Datacenter Code of Conduct meeting in IEA 2nd July 2007



A bit of history of HVDC (1) • 1880's: Edison-Tesla, initial HVDC electricity network, then AC • 1980-85 France Telecom GEODE PROJECT high voltage DC cabinet was imagined but modular decentralized 48V was developed



• 1988 IEEE/INTELEC HVDC paper by Fujitsu • Several Intelec DC workshops (Yokohama, Berlin, … ): concern for IP powering with Deutsch Telecom, NTT, Bells France Telecom…



•Presentation of ETSI EN 300 132-3 by Wilfried Schulz DT EE2 chairman in Yokohama at ETSI



•Æ



It seemed HVDC could be better solution titre du document/date/confidentiel/auteur
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A bit of history of HVDC (2) • 1997 300VDC option presented at IEEE/INTELEC by France Telecom and Alcatel



• 1999 INTELEC, HVDC paper from NTT-f • 2000 Alcatel 312 VDC - 30 kW power station for ATM and servers systems presented in ETSI meeting (2000) and IEEE/intelec, NTT paper on 270 Vdc cabinet



• 2006 DC workshop N°1 WashingtonDC: Intel, Sun, EPRI, BerkeleyLBNL, NTT,



ETSI, UPN, … ETNO demonstration by Intel R&D



• NTT-f Sendaï project : 1 MW site with PV and HVDC • 2007 USA DCworkshop N°2 titre du document/date/confidentiel/auteur
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Power consumption ? FTgroup -ORANGE 2006 : 3,5 TWh for the group about 2 TWh in France, (0,4% of national consumption) 2006 very rough estimations GWh



kWh/client/year



Possible evolution



FT fix network (phone, DSL, FTTH)



350



10 to 30



VoIP with standby



FT mobile network



300



10 to 20



Radio efficiency, Standby



FT datacenters
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Better server use, passive cooling, HVDC



FT terminals



300 ?



0 to 100



Standby



PC+TV



?



100 to 1000



?



World servers (without storage)



126 000



126



I2C data (Koomey thesis) ?



How to master power consumption ?



Æ Code of Conduct + standards to define measurement methods (ETSI, …) titre du document/date/confidentiel/auteur
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ETSI EN 300 132-3 (2003) 400 V HVDC option • A common power supply interface • Interworking of different types for telecommunications and data communication equipment • Very high power efficiency • Facilitate the installation, operation and maintenance in the same network of equipment from different origins (servers, NGN, …). • Simple and reliable



titre du document/date/confidentiel/auteur
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Power architecture and efficiency comparaison a) centralised 48 V (R+B with a1: thyristor mode and a2: HF switched mode) 1a 3 phases Transformer



2a Short ACdistribution 3 ph



3 ou 3a Rectifiers 3 ph /48V



4a Long 48V Distribution



81 to 85 %



b) Decentralised 48 V (R+B cabinet) 2b Long AC Distribution 3 ph



1b Transfo 3ph or single ph Neutral change



3b Rectifiers Single phase/48V



4b Short 48V Distribution



83 to 87 %



c) HVDC (direct use or decentralised 48 V production) 97 % 2a Short AC Distribution



1a Transfo tri TNS



3c Redresseurs Tri/300Vdc



4c Distribution Longue 300Vdc



For Comparaison : titre du document/date/confidentiel/auteur
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5 Conversion 300/48



90 to 93 %



on line UPS = 85 to 92 % off lineUPS = 97 % Groupe France Télécom



HVDC Architecture : AC UPS replaced by DC UPS + DC BUS



Back-up Fuel cell reducing battery size



Solar PV Grid kWh saving



Converters



Inverters



AC



48V telecom 230AC users HVDC servers (intel R&D 2006)



350 HVDC



Motor with HF speed controler to save energy



New fluo ou LED



titre du document/date/confidentiel/auteur
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France Telecom first feeling about HVDC • cost < 230 V UPS and 48 V DC • compared to 48V: – 30 time less cupper – 6 time more compact rectifiers – battery centralization compared to decentralized 48V: - cooler area for battery Æ, lifetime gain - no pb of weight



• compared to UPS: – supressing UPS inverter stage – simpler for engineering and operation – more reliable – offline UPS is also an efficient solution one disturbance filter is lost titre du document/date/confidentiel/auteur
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ETSI EN 300 019 Suite of ETSI standards defining thermal environment: - Large temperature range is accepted by telecom equipement (5-40°C on site) - That allows very important savings in telecom rooms till 100 kW using outside fresh-air + passive building inertia - It can be partially proposed for servers, because : + 1°C saves about 10% power consumption, servers can work till 30 to 35 °C BUT 20 °C is used to give time to repair cooling system (today we observe + 1°C per mn, ie 15 mn till first servers failures)



So, some points under study : - Better air management in the room (e.g. ETSI TMG Thermal Management group documents) - Manufacturers are thinking to better heat management inside servers cabinets - Passive inertia can be enhanced at the level of servers



titre du document/date/confidentiel/auteur
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Further steps • Improving datacenter power consumption understanding • HVDC: – experimentation – standardisation (Cenelec, IEC) : Plug and protections – site engineering impact : Datacenter and new generation telecom – migration from AC to DC : cabling, HVDC Acceptability investigation - Deeper comparative economical study



• Cooling ingeneering and system improvement



titre du document/date/confidentiel/auteur
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Energy consumption in Québec 

In which section of the pie chart below do each of the following energy sources belong? • Electricity. • Natural gas. • Oil. • Biomass. • Coal. Source: Website of the ...
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World Primary Energy Consumption - UCLM 

Carbon. Nuclear Hydro. 1973 Oil Crisis. Gulf War. Source: Schilling & Al. 1977, International Energy Agency, Observatoire de l'Energie, BP Statistical Review. C.
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New Feeding Method for High Efficiency Data Centre. Copyright Â© 2011 ... Server. ï½ž. 58ï½ž70ï¼…. DCï½„ï½ƒ. DC/DC. Centralized power. PDU ï¼ˆDCï¼‰. C o m ..... This company constructs the data center of 4000 racks scale in the autumn of this year.
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Energy consumption in static muscle contraction 

Dec 4, 2002 - frequencies (for periods of 15 s, 10 s or 5 s), first on the whole foot and then on the forefoot. The mean static energy consumption of all subjects ...
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Liasse fiscale PRISMA TELECOM TESTING FRANCE 

AK. Avances et acomptes sur immobilisations incorporelles. AL. AM. Terrains. AN ... 11 940. 106 792. 18 238. 88 554. 4 924 948. 4 924 948. 953 509. 953 509.
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Yearly energy consumption per capita for various ... - Antoine Bret 

Yearly energy consumption per capita for various countries, or group of countries. Left: scale in tons oil equivalent (toe). Right : scale in â€œenergy slavesâ€� ...
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Cooling 

engine coolant, remove the cap only when the engine is cool. Total Cooling System Capacity: Including expansion tank 2.1 (2.2 US qt, ... ENGINE OIL. COOLER ...
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Modeling the Energy Consumption of Page Fault for Embedded Linux 

518. (CPU CORE). E (ÂµJ). 0.103. 26. 59. Table 2: Duration, power and .... In Proceedings of the IEEE 37th Design Automation Conference (DAC-00), 2000. 10.
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Proactive Hybrid HVDC Breakers 

15 sept. 2011 - Furthermore, keeping a reasonable level of the DC voltage is a .... the protective level of the arrester will result in higher pole to pole voltage ...
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Liasse fiscale MAKEEN ENERGY FRANCE 

Le bilan suivant reprend la prÃ©sentation d'une liasse fiscale. ..... 27 231 287 ..... VZ. VJ. VK. TOTAUX. Ã‰TAT DES DETTES. Montant brut. 1. A 1 an au plus. 2.
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Gotland HVDC Light transmission 

The electrical system on Gotland, owned by Gotlands. Energiverk AB (GEAB), can be regarded as an island net, although connected by conventional HVDC to the mainland. Sweden since 1954. It consists of approximately 300 km of. 70 kV lines, 100 km of 30
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FRANCE â€“ ECONOMY A lasting improvement? - Credit Agricole 

12 sept. 2017 - loss of GDP growth in the first and second years1. Since early 2017, the increase ... pace over the coming quarters. Our scenario for 2017-2018.
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Cooling Drag 

Engine cooling is a popular topic in homebuilt circles. ... More total flow translates into more drag on the airframe. In other words .... the engine and oil cooler.
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COOLING SYSTEM 

Closed Cooling Systems With Coolant Flow. Thru Exhaust .... IMPORTANT: The following information should be observed ..... (drug store, pet shop, etc.). 2.
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COOLING SYSTEM 

COOLING SYSTEM. ON-VEHICLE INSPECTION .... Manual air conditioning system. Automatic air ..... condenser assembly or piping when removing the radiator ...
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cooling system 

The water pump must be serviced after removing the engine. Other cooling ... Avoid spilling coolant on painted surfaces because the coolant will corrode the painted surfaces. Wash off any spilled ... Drain the coolant. (â‡¨3-9). Disconnect the air ..
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sunrise telecom 

Programmable send frame words: Manual/auto E-bits, MFAS word bit 5, bit 6 (MFAS ... Print at timed interval (settable up to 999 hr, 59 min) or at end of test. Measurement ..... location, De-Allocation Comp, De-Allocation Rej, Audit, Audit. Complete, 
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Cooling system.pdf 

The corrugated fin high efficiency radiator is located in the front of the engine compartment and incorporates ... Then unscrew the two crosshead screws securing.
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COOLING SYSTEM 

The water pump must be serviced after removing the engine. Other cooling ... tester and apply specified pressure to it. It must hold .... water pump shaft with the tab on the oil pump shaft. ... over a burner and measure the resistance through the ..
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COOLING SYSTEM 

c - Remove Drain Plugs From Exhaust Exhaust Manifold Drain Elbows and Fuel Cooler or Water Tube (Repeatedly Clean Out Holes ... Refer to manufacturer's instructions for in- ... b - Seawater Inlet Slot (MUST Face Forward - Parallel with.
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Cooling System 

The radiator fan draws air through the radiator core when there is ...... Lift the rocker case clear of the dowel pins in the cylinder head and ..... Closed Coil End [G] ...
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COOLING FANS.pdf 

2006 MINI Cooper. 2002-04 ENGINE COOLING Electric Cooling Fans. 2006 MINI Cooper. 2002-04 ENGINE COOLING Electric Cooling Fans. Microsoft ...
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Thermoelectric Cooling Modules 

Z-MAX high performance modules are the culmination of a unique â€œpress and sinterâ€� manufacturing process discovered by Tellurex. The patented metallurgical.
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