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Introduction	
  	
  
Increasing powering and cooling demands within the data center have made these the topics of choice 
for Data Center (DC) and Facility Managers for several years now.  Increased power demands are a 
result of the need for more compute power and the higher density devices that resulted.  These high 
density installations include stacks and stacks of severs and the trend of implementing blade servers 
within these server “farms”.  Cooling problems are a direct result of these increased power demands 
based on the simple fact that more power increases the demand for cooling. 

As a result of this congress enacted Public Law 109-431: An Act to Study and Promote the Use of 
Energy Efficient Computer Servers in the United States.  The act directed the EPA www.epa.gov to 
study and report back to Congress its findings by “analyzing the rapid growth and energy consumption 
of computer data centers by the Federal Government and private enterprise”.  The formal report released 
August 2, 2007 is available at www.energystar.com and had many notable findings: 

• Data Centers (DC’s) in the US (United States) consumed approximately 60 billion kilowatt-
hours (kW-h) in 2006-roughly 1.5% of the nation’s total electricity consumption. 

• Servers and data centers energy consumption in the US doubled over the most recent 5 years and 
is expected to nearly double in the next five years to more than 100 billion  
kW-h 

• Today’s data centers account for approximately 7 gigawatts (GW) of peak load on the power 
grid.  This is equivalent to about 15 base-load power plants.  If the current trends continue the 
demand will rise to 12 GW by 2011, which will require the US to build an additional 10 power 
plants just to meet data center growth. 

These increased demands for power and cooling combined with decreased power availability and 
increased power costs have convinced the data center industry that it makes good business sense to go 
“green”.  Energy costs have escalated enough that annual power costs are expected to exceed server 
acquisition costs by 2010 according to recent estimates.  Some of the push to go green has not been 
solely based on good business but on the fact that the government has taken an interest in data centers.  
This interest in the data center market place is based on the huge amounts of power and water being 
consumed by data centers today.  The government helping the Information Technology (IT) industry 
reminds me of the old joke about the person that answers the door and the guy at the door says “I am 
from the government and I am here to help you!”  Though businesses today are not overly concerned 
about new regulations that might hamper or change their operations the government coming to their 
rescue is a scary thought.  In fact ENERGY STAR and the Department of Energy (DOE) are now 
working to make it easier for companies to increase their efficiency by providing measurement metrics, 
efficiency ratings on servers and information on how they compare with their peers at other DC 
facilities.  

Based on this EPA report and other organizations like ASHRAE http://www.ashrae.org/  (The American 
Society of Heating, Refrigerating and Air-Conditioning Engineers) the long term prediction is that 
demand for power and therefore cooling will continue to rise for at least the next several years.   
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To make better decisions, reduce power consumption and maximize each cabinet installation, more 
information is needed, per device, per application per cabinet, per groups of cabinets and per facility.  
The ability to monitor the current draw or power of an individual outlet within a Cabinet Power 
Distribution Unit as well as the voltage in-feed opens the door for significant opportunities to monitor 
and maximize efficiency, plan for future installations and determine the best location to allocate 
additional cooling resources.  Monitoring power at the CDU inlet or device level provides considerably 
more detailed information not obtained if the user were to monitor at the UPS, the floor PDU supplying 
power to the racks or at the breaker panel/remote power panel. 

Server	
  Technology	
  Overview	
  
Server Technology, Inc. is the global leader in cabinet power distribution units (CDUs) and power 
management products used in the world’s leading enterprise data centers, service providers and branch 
offices.  For over 25 years, Server Technology has been recognized for innovative, intelligent power 
distribution, remote power monitoring and power management and measurement. These products 
include both AC and DC power distribution, monitoring and management devices within the equipment 
cabinet. 

Server Technology CDUs offer features such as; 

• environmental monitoring (up to 4 temperature and 4 humidity measurements) 

• water sensor 

• dry contact closure 

• remote reboot of unresponsive devices 

• SNMP traps and email alerts 

• Linking to manage two CDUs (A and B power infeed from a single IP address) 

• Input load monitoring with local LED display (so circuits are not over loaded and three phase 
load balancing) 

• Web interface, SSL, SSH, Telnet, RS-232 access, TACACS+. LDAP/LDAPS, Radius, DHCP 
and Syslog support 

• Inlet power monitoring (PIPS) 

• Outlet/Device level power monitoring (POPS™) 

• Capacity planning and threshold alerts 
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Increased power costs and demand (see Figure 1) combined with decreased power availability are 
driving power monitoring and management within today’s data centers.  These demands have lead to 
new power monitoring capabilities within the CDU to replace power monitors within the RPP (remote 
power panel) and the ability to measure at the device level.  These technologies PIPS™ (per inlet power 
sensing) and POPS™ (per outlet power sensing) provide the ability for the IT or Facilities manager to 
understand the power usage at each specific cabinet, device or application.  PIPS and POPS CDU 
technologies provide for; 

• Capacity Planning 
• Identifying stranded capacity 
• Identifying locations where new devices can be installed 
• Locating “zombie” servers 
• Internal bill back for power usage within the organization 
• Power monitoring within the CDU instead of the RPP 
• Load balancing of three phase circuits 
• Identification of hot spots within the data center 
• IT power information for PUE calculations 
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PIPS™	
  	
  
PIPS	
  (Per	
  Inlet	
  Power	
  Sensing):	
  
Sentry PIPS CDUs (Figure 2) combine all of the features and function of our Smart and Switched CDU 
(Cabinet Power Distribution Unit) with the ability to provide power monitoring at the inlet to the CDU. 

Power Measurement Parameters Include: 

• Current (Amps) 

• Voltage (Volts) 

• Power (Watts) 

• Apparent Power (VA) 

• Power Factor 

• Accumulated Energy 
(Whr) 

This information is available 
per phase for three phase 
products or per inlet for both 
three phase and single phase 
products.  Additionally, neutral 
current information is 
available for three phase Wye 
products. 
PIPS measurements replace 
existing branch circuit 
monitoring systems by 
providing higher accuracy and 
lower cost measurements of 
each branch circuit attached to 
the CDU. 

POPS™:	
  
POPS	
  (Per	
  Outlet	
  
Power	
  Sensing):	
  
Server Technology’s POPS 
product (Figure 2) with 
measurement accuracy levels 
currently not available 
anywhere else in the market 
today, provides per outlet 
power sensing for each 
individual outlet for: 
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• Load (amps) 

• Voltage (V) 

• Active power (watts) 

• Apparent power (VA) 

• Crest Factor 

• Power Factor 

Though individual outlet information is interesting, it is the application of the POPS technology that 
provides the real value within the data center.  By grouping outlet power information device level 
measurements can be made. This information is directly aligned with The Green Grid’s 
recommendations of continuous power measurement at the device level.   
This information can be used for: 

• Calculating the PUE metric from The Green Grid    

• Confirming that a particular device is indeed turned off by looking at the current draw of a 
particular outlet 

• Sending out an SNMP trap or email alert if the current draw on a particular outlet drops above or 
below a specified threshold and alerting the user that the devices power supply is damaged or 
that the device is idle and therefore a candidate to be turned off or virtualized 

• Outlet grouping to calculate the amount of power a particular device, multiple devices or a 
specific application is using 

RF	
  Code	
  Overview	
  
RF Code provides an enterprise class, wire-free sensor solution that is ideal for monitoring in real time 
the environmental conditions in IT dense areas such as data centers and IT closets.  RF Code’s 
completely wire-free approach to environmental monitoring is an affordable, flexible alternative to 
traditional wired environmental monitoring solutions.   
The solution components consist of: 

• R120 Rack Door Tags monitor and report on the open and closed status or doors, enabling you to 
track enclosure access attempts. 

• R130 Dry Contact Tags connect to dry contact devices and continuously monitor and report on 
the open or closed state of the devices. 

• R135 Fluid Sensor Tags are flexible thin-film fluid detection sensors 
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• R150 Temperature Tags 
monitor temperature-sensitive 
assets in IT racks 

• The R155 Humidity-
Temperature Tag monitors the 
relative humidity (RH) and 
ambient temperature 
surrounding sensitive assets in 
IT racks 

• The M250 Wired Reader 
interprets and reports the radio 
frequency messages emitted by 
RF Code tags at distances up to 
1,000 feet and is connected to 
the Ethernet network 

• Sensor Manager is RF Code’s 
monitoring software application 
that collects all of the sensor 
location and sensor data from 
the M250 Readers.  Sensor 
Manager presents and manages 
the wire-free sensor information 
in a variety of different ways 
such as live table views, map 
views, reporting, graphing as 
well as comprehensive 
thresholding and alerting.  
Sensor Manager also provides 
management of the RF Code tag 
and reader infrastructure 

 
RF	
  Code	
  Wire-­‐Free	
  Sensor	
  Tags	
  
All of the RF Code sensor tags have the following features and characteristics: 

• Multiple sensor updates per minute via the RF Code radio frequency network ensure that all 
environmental conditions are monitored closely 

• Small form factor size (2.22 in. X 1.74 in. X 0.35 in. | width X depth X height) 

• Multiple mounting options such as adhesive, zip tie lanyard and screw attach plate 

• 3 to 5 year battery life (depending upon the sensor type) with field replaceable batteries 

• Low cost with tag list prices ranging from $24.95 to $99.95 depending up on the tag sensor type 

• Exceptional RF range 



8	
   ADVANTAGES	
  OF	
  WIRE-­‐FREE	
  POWER	
  MONITORING	
  IN	
  THE	
  DATA	
  CENTER	
  
	
  Copyright	
  ©	
  Server	
  Technology	
  Inc.	
  and	
  RF	
  Code	
  Inc.	
  All	
  right	
  reserved.	
  	
  

No	
  part	
  of	
  this	
  publication	
  may	
  be	
  used	
  without	
  written	
  permission	
  of	
  the	
  copyright	
  owners. 
 
 

All of the RF Code sensor tags transmit their data 
using a patented communications protocol at 
433.92 MHz.  RF Code sensor tags are not WiFi 
or Zigbee based, making them smaller in size, 
easier to deploy and much lower in price than 
most other wireless sensor solutions.  RF Code 
also has a significant advantage in radio 
frequency performance.  By using the 
433.92MHz frequency, the RF Code data 
transmissions have much better performance 
around dense metal environments such as racks 
and servers in a data center.  Unlike almost all 
other wireless sensor solutions, RF Code sensor 
tags can be placed inside IT racks that are fully 
enclosed with no need for wires or cables to get 
the radio transmission electronics outside of the 
rack. 
 

 
RF	
  Code	
  M250	
  Reader	
  
The RF Code M250 Reader is connected to the Ethernet network and collects all of the radio frequency 
data transmission from the RF Code sensor tags.  A single M250 reader can easily handle 1,400 sensor 
tags.   The M250 reader can be powered via standard 110/220 power, 12-24 volt DC, or via Power-
Over-Ethernet (POE).  In an environment where RF Code sensor tags are placed inside fully enclosed IT 
racks (sides and doors), a single M250 Reader can typically cover 2,000 square feet.  

In an environment where RF Code sensor 
tags are deployed on the front and rear of 
fully open racks (no doors and sides), a 
single M250 Reader can typically cover 
5,000 square feet.  Finally, the M250 
Reader includes a rules engine that enables 
it to perform data reduction so it doesn’t 
have to constantly send the same 
information repeatedly over the Ethernet 
network.  Only changes to tag sensor 
states and tag sensor data are 
communicated via the Ethernet network. 
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RF	
  Code	
  Sensor	
  Manager	
  
RF Code’s enterprise-class monitoring 
application, Sensor Manager, collects all of 
the sensor data from all M250 Readers in a 
data center.  The Sensor Manager software 
manages all of the TCP/IP connections to 
the M250 readers, as well as the types of 
tags that will be observed.  Sensor Manager 
stores all of the sensor data into an SQL 
database enabling users to quickly access 
current environmental information as well as 
historical environmental information via an 
extremely fast and flexible Web 2.0 user 
interface.   
Sensor Manager provides users with the 
ability to view information in a variety ways 
including tables, reports and graphs.  Sensor 
Manager also provides a very robust policy-
based alerting engine that enables users to 
set complex thresholds and direct alert 
notification to multiple destinations.  Finally 
Sensor Manager also functions as an 
integration point allowing BACNet and 
Modbus building management applications 
to collect vital environmental information. 
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Integrated	
  Solution	
  Overview	
  
As power and cooling costs are expected to 
continue to increase, the possibility of 
increased regulations, customers requiring 
companies to act responsibly towards the 
environment and new tools and technology 
for determining efficiency are all driving 
power monitoring solutions.  The unique 
integration between Server Technology’s 
CDUs and RF Code’s wire-free technology 
provides a cost effective power monitoring 
solution.  Figure 3 below illustrates the 
integrated solution at the cabinet level. 

RF Code’s R170 CDU Tag for Server 
Technology, Inc simply plugs into the serial 
port of the Server Technology, Inc. CDU.   
The R170 sensor tag then collects and 
transmits power monitoring information from 
the CDU while eliminating the wired 
connections to each CDUs as well as the IP 
address overhead for each CDU.  All of this 
is offered in a simple plug & play installation 
that enables the powerful power metrics 
collected by the Server Technology, Inc. 
CDU to be transmitted over the RF Code 
wire-free infrastructure.   
The power information available via the joint solution includes: 

• CDU data 

• Phase data 

• Outlet data 

• Breaker data 

• Feed Line data 
The data collection and reporting cycle involves two levels of timeliness, every 10 minutes and every 
hour, with 10-minute interval data taking priority over hourly interval data.  
The 10-minute interval data consists of: 

• Per-Phase Voltage/Power Use 

• The hourly interval data consists of: 

• Per-breaker amperage transmitted every hour 

• Per-socket watt-hours and configuration transmitted every hour 



ADVANTAGES	
  OF	
  WIRE-­‐FREE	
  POWER	
  MONITORING	
  IN	
  THE	
  DATA	
  CENTER	
   11	
  
	
   Copyright	
  ©	
  Server	
  Technology	
  Inc.	
  and	
  RF	
  Code	
  Inc.	
  All	
  right	
  reserved.	
  	
  

No	
  part	
  of	
  this	
  publication	
  may	
  be	
  used	
  without	
  written	
  permission	
  of	
  the	
  copyright	
  owners. 
 
 

• Per-socket power-factor transmitted 
every hour 

• Feed Line ID, amperage and overload 
status every hour 

• CDU model and CDU serial number 
packets transmitted at least once per hour 

• Per -breaker tripped status is sent in real-
time upon a state change 

• Individual outlet state change (on/off) is 
sent in real-time for switched CDU’s 

Critical alert information such as the tripping of 
a breaker or the disconnection of the tag from the 
PDU is transmitted immediately as the highest 
priority. 

The RF Code R170 sensor tags work with the 
following Server Technology Inc. products: 

• Smart PIPS CDU’s with or without 
POPS 

• Switched PIPS CDU’s with or without 
POPS 

• Supports Master only or Master/Link 
CDU Configurations 

It is important to note that no outlet control via 
wire-free solution when using switched units as 
the RF Code wire-free infrastructure is 
unidirectional protocol. 

Once the power information has been transmitted by the sensor tags and received by the readers, it is 
available in the RF Code Sensor Manager application and can be utilized in a variety of ways such as: 

• Real-time & map views 

• Reporting & graphing 

• Alerting & thresholding 
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Integrating Server Technology’s power monitoring products with the wire-free monitoring provided by 
RF Code provides the following solutions: 

• Cost effective monitoring solution avoiding the high costs of wired IP addresses and support 

• A homogenous view of the data center’s power and environmental information can be easily 
accomplished with RF Code’s Sensor Manager Software. 

• Simple Plug and Play Installation  

• Eliminates all IP address configuration and maintenance for the CDUs.  

 
 



ADVANTAGES	
  OF	
  WIRE-­‐FREE	
  POWER	
  MONITORING	
  IN	
  THE	
  DATA	
  CENTER	
   13	
  
	
   Copyright	
  ©	
  Server	
  Technology	
  Inc.	
  and	
  RF	
  Code	
  Inc.	
  All	
  right	
  reserved.	
  	
  

No	
  part	
  of	
  this	
  publication	
  may	
  be	
  used	
  without	
  written	
  permission	
  of	
  the	
  copyright	
  owners. 
 
 

	
  
	
  
Conclusion	
  	
  
More and more companies are looking for ways to act responsibly towards the environment and for new 
tools and technology for determining efficiency.  They’re exploring ways of making their data centers 
more environmentally friendly, “green” and more efficient all with the end goal of reducing costs.  It is 
expected that this will be the trend as current power and cooling growth demand is not sustainable and in 
some locations DC facilities are being told by the local utility that they will not be given any more 
power.  With these changes energy credits and rebates for virtualization or other projects will become 
more common and fuel more efficient Data Centers.  
It is expected that organizations like The Green Grid will continue to drive global standards within the 
data center industry so that we are all speaking one language as the “green” trend gains focus and 
momentum within our industry.    

Devices like POPS and PIPS CDU’s capable of making a variety of power measurements at the outlet in 
inlet level within a Data Center provide a significant advancement in the DC Manager’s ability to 
determine the DC’s efficiency.  The wire free solution combines the benefits of these CDUs with the 
simplicity and monitoring capabilities of RF Code’s sensor tags provides a complete solution. 
Calculating PUE metrics are the first step to understanding power consumption and looking for ways to 
improve data center efficiency.  Remember: “You cannot improve something that you are not 
measuring”.
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