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The installation of the metering system is not yet complete.  However, Figure 9.8 
demonstrates an early success of the metering program in helping to identify 
excessive steam use in a building.  In this figure: 

 the x-axis is the time in increments of 1.5 hours (labels on 6-hour 
increments) 

 the y-axis is pounds of steam per hour 
 the top line plot is the steam plant generation for the NIH campus 
 the lower line plot is the steam demand for a single 270,000-square-foot 

building. 

 

Figure 9.8. Total Site Steam General vs. Single Building Steam Demand 

A quick review of Figure 9.8 shows that the single building steam use accounted 
for approximately 30 percent of the total site steam use, even though the building 
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accounted for roughly 2.5 percent of the total site building square footage.  The 
first action taken by the site was to verify the accuracy of the building steam 
meter.  The NIH staff then inspected the building’s steam systems and flow and 
found that the metered data appeared to be reasonable.  The next step (currently 
ongoing) is to assess the building’s systems, which indicates a likely preheating 
and controls strategy problem.  At $10.00 per thousand pounds of steam, the cost 
impact of poor operations such as this can become very expensive. 

Lessons Learned: 

 ESPCs can be used to finance the purchase and installation of metering 
systems. 

 It is cost-effective to combine the installation of meters for multiple utilities 
at the same time (as opposed to installing meters for one utility at a time). 

 Correct design, specification, and installation are critical to the systems 
operating success. 

 Costs for non-electric meters can be significantly higher than those for 
electric meters. 
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Appendix A 
 

Glossary of Common Terms 
 

Advanced meters – Advanced meters are those that have the capability to measure and record interval 
data (at least hourly for electricity), and communicate the data to a remote location in a format that can be 
easily integrated into an advanced metering system.  EPAct Section 103 requires at least daily data-
collection capability. 

Advanced metering system – A system that collects time-differentiated energy usage data from 
advanced meters via a network system on either an on-request or defined schedule basis.  The system is 
capable of providing usage information on at least a daily basis and can support desired features and 
functionality related to energy-use management, procurement, and operations. 

Air conditioning – The process of treating air so as to control its temperature, humidity, and cleanliness 
while distributing it to cool building space. 

Application Service Provider (ASP) – Third-party entities that manage and distribute software-based 
services and solutions to customers across a wide-area network from a central data center. 

Automated Meter Reading (AMR) – A form of advanced (or enhanced) metering that uses 
communications devices to communicate data from the meter to the meter data-management provider.  
AMR may be used to transmit simple energy-use data from the meter, or to transmit more complex 
measures of energy recorded in the meter, or to implement advanced functionality, such as outage 
detection or remote programming. 

Average demand – The demand on, or the power output of, an electric system or any of its parts over an 
interval of time, determined by dividing the number of kilowatt hours by the number of hours in the 
interval. 

Avoided cost – The total economic costs (consisting of the capital and operating costs to provide 
generation capacity and fuel, transmission, storage, distribution, and customer service) to serve end-use 
energy requirements using a given set of resources.  These costs are referred to as “avoided” when an 
alternative set of resources is used to serve requirements.  A better term for these costs would be 
“avoidable cost.”  Avoided cost must be determined to assess the cost-effectiveness of potential supply-
side and demand-side resources. 

Base load – The minimum average electric load over a given period of time. 

Baud rate – The rate of speed at which information is transmitted over communications lines; expressed 
in bits per second. 

Billing demand – The demand for which a customer is billed.  Since billing demand is based on the 
provisions of a rate schedule or contract, it does not necessarily equal the actual measured demand of the 
billing period. 
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Bits – A contraction of binary digits, the smallest unit of information in binary notation.  A bit has the 
value of a zero (0) or a one (1).  For example, the binary number 0110 consists of four bits. 

British thermal unit (Btu) – A commonly used unit of energy, especially for fuels or heat.  A kilowatt 
hour is equal to approximately 3412 Btu.  Quantity of heat required to raise one pound of water by one 
degree Fahrenheit or the equivalent amount of energy generated by burning a kitchen match. 

Building envelope – The exterior surfaces of a building, such as the roof, walls, windows, doors, etc., 
that are exposed to climatic conditions. 

Capacity – The maximum quantity of electrical output for which a supply system or component is rated. 

ccf – Hundred cubic feet. 

cfm – Cubic feet per minute. 

Coincident demand – Two or more demands that occur during the same time interval.  Often used to 
express the demand level of subgroups of customers that occurs at the time of the electric system’s overall 
maximum peak demand. 

Constant dollars – Monetary value based on the purchasing power within the base year—inflationary 
impacts are not reflected in the value of the constant dollars. 

Control – Any manual or automatic device designed to regulate the operation of a system or system 
component. 

Cooling loads – The energy required to achieve the desired (space cooling) temperature level. 

Cost avoidance – In regard to energy efficiency—the implementation of energy saving measures will 
result in a dollar savings which will offset any fuel price increase. 

Cost-effective – The present value (PV) of the benefits of the potential resource under consideration over 
the planning period are greater than the PV of its costs.  Cost-effectiveness is always measured relative to 
an alternative.  Cost-effectiveness can be measured from a variety of perspectives, which vary in terms of 
the specific costs and benefits included in the calculation. 

Damper – A valve or movable plate that is attached to a duct in order to regulate the flow of air or other 
gases. 

Degree-days (cooling) – The difference between the average temperature of any given day and a base 
temperature when the median temperature of the given day is higher than the base temperature. 

Degree-days (heating) – The difference between the average temperature on any given day and a base 
temperature when the median temperature of the given day is less than the base temperature.  Often the 
base temperature selected is 65°F. 

Dehumidification – The process of removing moisture. 
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Demand – The rate at which electricity is delivered by a system or part of a system, or to a load point or 
set of loads.  It is measured in kilowatts, kilovolt amperes, or other suitable unit at a given instant or 
averaged over a designated period of time. 

Dew point temperature – The temperature level in which the moisture in the air begins to condense. 

Diversity – The diversity among customers’ demands, which creates variations among the loads in 
distribution transformers, feeders, and substations at a given time.  A load diversity is the difference 
between the sum of the maximum of two or more individual loads and the coincident or combined 
maximum load.  It is usually measured in kilowatts. 

Domestic hot water system (DHW) – A system designed to provide hot water for domestic needs—the 
energy required for a DHW system will vary according to building size, design, and human needs. 

Dry bulb temperature – The temperature level as measured on a standard thermometer. 

Duct work – A series of piping in which air is transferred from its source to the space that is to be 
conditioned.  Ducts, which should be insulated to improve their efficiency, are generally made from 
fiberglass or galvanized metal. 

Economizer cycle – Use of outside air without further mechanical cooling for space cooling when 
conditions are appropriate.  Typically, this is accomplished by locking out the cooling coil. 

Electric utility – A corporation, person, agency, authority, or other legal entity or instrumentality that 
owns and/or operates facilities within the United States, its territories, or Puerto Rico for the generation, 
transmission, distribution, or sale of electric energy primarily for use by the public and files forms listed 
in the Code of Federal Regulations, Title 18, Part 141.  Facilities that qualify as co-generators or 
independent power producers under the Public Utility Regulatory Policies Act (PURPA) are not 
considered electric utilities.  Electrical energy is usually measured in kilowatt-hours, whereas heat energy 
is usually measured in British thermal units. 

Emission factor – The ratio of emissions to energy produced or fuel consumed, denominated in units of 
tons of emissions per unit of energy. 

End-use – Useful work, such as light, heat, and cooling, which is produced by electricity or other forms 
of energy. 

Energy – The capacity for doing work as measured by the capability of doing work (potential energy) or 
the conversion of this capability to motion (kinetic energy).  Energy has several forms, some of which are 
easily convertible and can be changed to another form useful for work.  Most of the world’s convertible 
energy comes from fossil fuels that are burned to produce heat that is then used as a transfer medium to 
mechanical or other means in order to accomplish tasks. 

Energy audit – Analysis of a facility’s electricity and other energy usage, often including recommen-
dations to alter the customer’s electric demand or reduce energy usage.  An audit usually is based on a 
visit by an energy analyst or engineer to the home, building, or manufacturing or agricultural facility. 
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Energy charge – The charge for electric service based upon the amount of electric energy (kWh) 
consumed and billed under an applicable rate schedule. 

Energy cost liability – Estimated future energy expenditures without energy saving improvements. 

Energy management system – A full or partially computerized system designed to monitor and control 
energy use in order to achieve optimal efficiency. 

Energy use index (EUI) – Annual Btu/square foot energy use.  The standard index used in most analyses 
to measure all fuel and energy used in a given building or group of buildings. 

Ethernet – A specification for local communication networks that employs cable as a passive 
communication medium to interconnect different kinds of computers, information processing products, 
and office equipment at a local site. 

Extensible Markup Language (XML) – Specification that allows designers to create their own 
customized tags, enabling the definition, transmission, validation, and interpretation of data between 
applications and between organizations. 

Firewall – A system designed to prevent unauthorized access to or from a private network.  Firewalls can 
be implemented in both hardware and software, or a combination of both. 

Gateway – In Local Area Networks (LANs), a computer system and its associated software that permit 
two networks using different protocols to communicate with each other.  A gateway translates all protocol 
levels from physical layer up through applications layer and can be used to interconnect networks that 
differ in every detail. 

Hourly Metering – A type of interval metering where the measurement or recording of customer use is 
collected in 6-minute intervals.  The competitive metering model is based upon the implementation of 
hourly metering of customers or the application of load profiles, which average customer use over hourly 
periods. 

HyperText Transfer Protocol – The underlying protocol used by the World Wide Web.  HTTP defines 
how messages are formatted and transmitted and what action Web servers and browsers should take in 
response to various commands. 

Incremental cost – The difference in costs between two alternatives, for example, between that of an 
efficient technology or measure and the standard technology. 

Instantaneous peak demand – The demand at the instant of greatest load, usually determined from the 
readings of indicating meters or graphic meters. 

Integrated demand – The summation of continuously varying instantaneous demands during a specified 
demand interval. 

Interface – A device that allows communication between systems or ports of systems. 
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Interval metering – The measurement of customer energy use by fixed time periods or intervals.  
Typically, the interval time period is 15 minutes, but can vary according to the customer or transmission 
and distribution system needs.  Today, interval metering is provided to commercial and industrial 
customers and some residential customers.  In the future, in an unbundled environment, the residential 
market may require more frequent interval measurements. 

IP address – Internet protocol address.  See also Ethernet. 

Kilowatt (kW) – One thousand watts. 

Kilowatt-hour (kWh) – A standard unit of energy equivalent to a demand rate of 1,000 watts in one 
hour. 

Levelized cost – The uniform annual cost that results in the same net present value over the planning 
horizon as the stream of actual annual average costs.  An example of a levelized cost is a monthly 
mortgage payment. 

Life-cycle costing (LCC) – The analytical process for estimating the total cost of a product or system 
over the life of the product or system, including the operational and maintenance costs. 

Line losses – Kilowatt-hours and kilowatts lost in the transmission and distribution lines under specified 
conditions. 

Load – The amount of electric power consumed at any specified point or points on a system.  Load 
originates primarily in the power consuming equipment of the customers. 

Load aggregation – Aggregation of energy consumption from facilities that are geographically separate 
from each other for purposes of acquiring and billing utility services. 

Load duration curve – A graph showing a utility’s hourly demand, sorted by size, as well as by the 
amount of time a given level of demand is exceeded during the year. 

Load factor – The ratio of the average load in kilowatts supplied during a given period to the peak or 
maximum load in kilowatts occurring during that period.  Load factor may be calculated for a customer, 
customer class, or the entire electric system. 

Load leveling – A process in which the energy demand can be temporarily reduced during certain 
periods.  Typical examples include the intermittent operation of certain electrical equipment and shutting 
off equipment when rooms or buildings are not in use. 

Load management – The controlling, by rescheduling or direct curtailment, of the power demands of 
customers or groups of customers in order to reduce the total load that a utility must meet at times of peak 
demand.  Load management strategies are designed to either reduce or shift demand from on-peak to off-
peak, while conservation strategies reduce usage over larger multi-hour periods.  Load management may 
take the form of normal or emergency procedures.  Utilities often encourage load management by offering 
customers a choice of service options with varying price incentives. 
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Local Area Network (LAN) – Computer network that spans a relatively small area megawatt (MW)—
One million watts. 

Mcf – Thousand cubic feet. 

Modbus® Protocol – A messaging structure developed by Modicon in 1979, used to establish master-
slave/client-server communication between intelligent devices.  It is a de facto standard, truly open, and 
the most widely used network protocol currently available. 

Modem – Modulator-demodulator.  A device or program that enables a computer to transmit data over 
telephone lines. 

Multipoint communications – A method of communication in which a single device can communicate 
to multiple devices. 

MV-90 – The utility industry de facto standard for data collection and storage systems.  This system was 
developed so that meters from different vendors could be read and the data stored in a consistent manner. 

NEMA Standards – Property characteristics adopted as standard by the National Electrical 
Manufacturers Association. 

Net present value (NPV) – The value of future energy savings—less all project construction and 
operating costs, discounted to present value. 

Network – A group of computing devices that are connected to each other by communications lines to 
share information and resources. 

Nominal levelized cost – The uniform cost of electricity, in mixed current dollars, for which the present 
value of the cost of electricity produced over the life of the plant is equal to the present value of the costs 
of the plant. 

Non-volatile memory – Memory that retains its contents when power is lost peak demand; the maximum 
load during a specified period of time. 

Off-peak energy – Electricity supplied during periods of relatively low system demand. 

Peak demand – The maximum rate of electricity consumption, expressed in gigawatts.  May be 
expressed for groups of electricity users or the whole system, and by season (summer or winter) or 
annually.  See demand.  Also called peak load. 

Peak load – The maximum anticipated demand for any given system. 

Peaking unit, or peaker – A generating station that is normally operated to provide power during 
maximum load periods. 

Planning period – The time period over which the utility Integrated Resource Planning (IRP) analysis is 
performed. 
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Potential resources – Resources, either supply-side or demand-side, which are either currently 
commercially available, feasible, or are expected to be commercially available within the planning period. 

Power Line Carrier (PLC) – Communication system that transmits data between devices over power 
lines. 

Present value – The value of a cost or stream of yearly costs that have been discounted to reflect the fact 
that future benefits or expenditures are worth less than current benefits or expenditures.  Also called 
present worth. 

Programmable Logic Controller (PLC) – A solid-state control system that has a user programmable 
memory for storage instruction to implement specific functions such as input/output (I/O) control logic, 
timing, counting, arithmetic, and data manipulation. 

Protocol – A standardized procedure for establishing a communications link between devices and that is 
based on such elements as word structure or word length. 

Radio frequency (RF) – Refers to alternating current (AC) having characteristics such that, if the current 
is input to an antenna, an electromagnetic (EM) field is generated suitable for wireless broadcasting 
and/or communications. 

Real levelized cost – The uniform cost of electricity, in constant dollars, for which the present value of 
the electricity produced equals the present value of the costs of the plant.  See also the levelization 
formulae following this glossary. 

Real-time metering – Metering that records consumer use in the same time frame as pricing changes in 
the market, typically hourly or more frequently. 

Real-time pricing (RTP) – The instantaneous pricing of electricity based on the cost of electricity 
available for use at the time the electricity is demanded by the customer. 

Relative humidity (RH) – The percentage of moisture contained in the air compared to saturation. 

Retrofit – Energy saving improvements to a building structure or any of its energized systems involving 
modification of that structure or system. 

Return on investment (ROI) – The discount rate which, when used to discount all present and future 
project costs and savings, brings the net present value to zero. 

RS-485 Serial Communications Bus – An Electronics Industry Association (ETA) standard for 
multipoint communications.  RS-485 is similar to RS-422 but can support more nodes per line because it 
uses lower-impedance drivers and receivers. 

Server – A computer or device on a network that manages network resources.  For example, a file server 
is a computer and storage device dedicated to storing files. 
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Transmission Control Protocol/Internet Protocol (TCP/IP) – The suite of communications protocols 
used to connect hosts on the Internet.  TCP/IP uses several protocols, the two main ones being TCP and 
IP.  TCP/IP is built into the UNIX operating system and is used by the Internet, making it the de facto 
standard for transmitting data over networks. 

therm – Equals 100,000 Btus. 

Time of use – The pricing of electricity based on the estimated cost of electricity during a particular time 
block. 

Tons of refrigeration – A standard for identifying cooling capacity.  One ton of refrigeration is equal to 
12,000 Btu/hour of cooling. 

Utility discount rate – A rate that reflects the utility’s weighted cost of capital.  Pre-tax or, more 
commonly, after tax. 

Valley filling – The building of off-peak loads.  An example of valley filling technology is thermal 
storage (water heating and/or space heating or cooling) that increases nighttime loads and reduces peak 
period loads.  Valley filling may be desired in periods when the long-run incremental cost of supply is 
less than the average price of electricity.  (Adding off-peak load under those circumstances decreases the 
average price.) 

Variable operating and maintenance (O&M) costs – The additional cost per kWh of electricity 
produced that goes toward operation and maintenance of the plant.  These costs vary with the output of 
the plant and are expressed in cents per kWh of electricity produced. 

Watt – The electrical unit of power.  The rate of energy transfer equivalent to 1 ampere flowing under a 
pressure of 1 volt at unity power factor. 

Watt-hour – The total amount of energy used in one hour by a device that requires one watt of power for 
continuous operation.  Electric energy is commonly sold by the kilowatt-hour (1,000 W). 
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Energy Policy Act Requirements 
 

SEC. 103.  ENERGY USE MEASUREMENT AND ACCOUNTABILITY. 

Section 543 of the National Energy Conservation Policy Act (42 U.S.C. 8253) is further amended by 
adding at the end of the following. 

“(e)  METERING OF ENERGY USE.— 

 “(1)  DEADLINE.—By October 1, 2012, in accordance with guidelines established 
by the Secretary under paragraph (2), all Federal buildings shall, for the purposes of 
efficient use of energy and reduction in the cost of electricity used in such buildings, be 
metered.  Each agency shall use, to the maximum extent practicable, advanced meters or 
advanced metering devices that provide data at least daily and that measure at least 
hourly consumption of electricity in the Federal buildings of the agency.  Such data shall 
be incorporated into existing Federal energy tracking systems and made available to 
Federal facility managers. 

 “(2)  GUIDELINES.— 

  “(A)  IN GENERAL.—Not later than 180 days after the date of enactment of 
this subsection, the Secretary, in consultation with the Department of Defense, the 
General Services Administration, representatives from the metering industry, utility 
industry, energy services industry, energy efficiency industry, energy efficiency advocacy 
organizations, national laboratories, universities, and Federal facility managers, shall 
establish guidelines for agencies to carry out paragraph (1). 

  “(B)  REQUIREMENTS FOR GUIDELINES.—The guidelines shall— 

   “(i)  take into consideration— 

    “(I)  the cost of metering and the reduced cost of operation and 
maintenance expected to result from metering; 

    “(II)  the extent to which metering is expected to result in increased 
potential for energy management, increased potential for energy savings and energy 
efficiency improvement, and cost and energy savings due to utility contract aggregation; 
and “(III) the measurement and verification protocols of the Department of Energy; 

   “(ii)  include recommendations concerning the amount of funds and the 
number of trained personnel necessary to gather and use the metering information to 
track and reduce energy use; 
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   “(iii)  establish priorities for types and locations of buildings to be 
metered based on cost-effectiveness and a schedule of one or more dates, not later than 1 
year after the date of issuance of the guidelines, on which the requirements specified in 
paragraph (1) shall take effect; and 

   “(iv)  establish exclusions from the requirements specified in paragraph 
(1) based on the de minimis quantity of energy use of a Federal building, industrial 
process, or structure. 

  “(3)  PLAN.—Not later than 6 months after the date guidelines are established 
under paragraph (2), in a report submitted by the agency under section 548(a), each 
agency shall submit to the Secretary a plan describing how the agency will implement the 
requirements of paragraph (1), including (A) how the agency will designate personnel 
primarily responsible for achieving the requirements and (B) demonstration by the 
agency, complete with documentation, of any finding that advanced meters or advanced 
metering devices, as defined in paragraph (1), are not practicable. 
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Appendix C 
 

Metering Codes and Standards 
 

Codes and standards applicable to metering equipment and installation are generally governed and 
promulgated by national organizations and enforced by local entities such as building code officials. 

Because different parts of the country have traditionally referenced different code organizations for 
specific codes, the authors of this guide recommend contacting local building code officers (electric, 
natural gas, and plumbing inspectors) prior to initiating any meter selection or installation project. 

Below are presented some of the more common standards as they apply to the major metering categories. 

Electric Meters and Installation Codes and Standards 

All electric meters installed must comply with the National Electric Code (NEC) as found in the National 
Fire Protection Association (NFPA) 70.  Additional standards from the American National Standards 
Institute (ANSI) are provided below. 

American National Standards Institute (ANSI) C12 metering standards: 

 ANSI C12.1 – American National Standard Code for Electricity Metering 
 ANSI C12.4 – American National Standard for Mechanical Demand Registers 
 ANSI C12.5 – American National Standard for Thermal Demand Meters 
 ANSI C12.6 – American National Standard for Marking and Arrangement of Terminals 

Self-Contained A-Base Watt-Hour Meters 

 ANSI C12.9 – American National Standard for Test Switches for Transformer-Rated Meters 

 ANSI C12.10 – American National Standard for Electromechanical Watt-Hour Meters 

 ANSI C12.11 – American National Standard for Instrument Transformers for Revenue Metering, 
10 kV BIL Through 350 kV BIL 

 ANSI C12.13 – American National Standard for Electronic Time-of–Use Registers for Electricity 
Meters 

 ANSI C12.14 – American National Standard for Magnetic Tape Pulse Recorders for Electricity 
Meters 

 ANSI C12.15 – American National Standard for Solid-State Demand Registers 

Electromechanical Watt-Hour Meters 

 ANSI C12.16 – American National Standard for Solid-State Electricity Meters 
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 ANSI C12.17 – American National Standard for Cartridge-Type Solid-State Pulse Recorders 

The Institute of Electrical and Electronics Engineers (IEEE) has standards related to electromagnetic 
immunity including: 

 IEEE C.37-90.1-1989 – IEEE Standard Surge Withstand Capability (SWC) Tests for Protective 
Relays and Relay Systems (ANSI).  All inputs tested, except for the network communications port. 

ANSI is a member of the IEC (International Electrotechnical Commission), which has adopted the 
following standards related to metering: 

 IEC1000-4-2 (EN61000-4-2/IEC801-2) – Electrostatic Discharge (B) 
 IEC1000-4-3 (EN61000-4-3/IEC801-3) – Radiated EM Field Immunity (A) 
 IEC1000-4-4 (EN61000-4-4/IEC801-4) – Electric Fast Transient (B) 
 IEC1000-4-5 (EN61000-4-5/IEC801-5) – Surge Immunity (B).  Certified by American Electric 

Power (AEP) 
 IEC1000-4-6 (EN61000-4-6/IEC801-6) – Conducted Immunity 
 IEC 60687 0.2S, section 4.6.1, 4.6.2, 4.6.3. 

The Federal Communications Commission (FCC) also regulates electromagnetic emission: 

 FCC Part 15 Subpart B, Class A: Class A Digital Device, Radiated Emissions. d. IEC Compliance. 

Other organizations might impose local requirements.  For example, the California Independent System 
Operator (ISO) has standards and protocols for installing, reading, and maintaining meters on the system 
including: 

 ISO MTR1-96 – Engineering Specifications for Poly-Phase Solid-State Electricity Meters for use on 
the ISO Grid. 

Many of the standards addressed above are very specific and not always applicable.  Their presentation 
highlights the depth to which metering and communication standards apply.  As mentioned, the best 
resource may well be a local building code official for these and other code/standard issues and questions. 

Natural Gas Meter and Installation Codes and Standards 

All natural gas meters installed must comply with the National Fuel Gas Code as found in the as found in 
the National Fire Protection Association (NFPA) 54.  Additional codes and standards may apply as issued 
by state and local code authorities.  The best resource for complete and up-to-date code information may 
well be a local building code official.  

Water Meter and Installation Codes and Standards 

Water meters and installation are usually governed by the Uniform Plumbing Code but will often be 
superseded/amended by local ordinances specific to the region.  The best resource for complete and up-to-
date code information will be a local building code official. 
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Appendix D 
 

Suggestions for Additions or Revisions 
 

This guide is a living document, open to periodic updates and improvement.  Readers are encouraged to 
submit suggestions for additions, deletions, corrections, or where to go for other resources. 

In addition, we are interested in what has worked at your federal site.  We want to find other case studies 
and documentation of your successes. 

Please send or fax your information to: 

 Greg Sullivan 
 Pacific Northwest National Laboratory (PNNL) 
 P.O. Box 999, MS K6-10 
 Richland, WA  99352 
 Fax:  (509) 372-4370 

Additional material to include (please be specific):    

      

      

      

      

Additional references/resources:     

      

      

      

      

Case study material (feel free to attach additional sheets):   
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