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Trilliant helps leading utilities and energy retailers achieve their smart grid visions through the Trilliant Communications Platform,
the only communications platform purpose-built for the energy industry that integrates disparate systems of systems into a
unified whole. The Trilliant Platform is deployed with more than 200 utilities worldwide to enhance energy efficiency, improve
grid reliability, lower operating costs, integrate renewable energy resources and electric vehicles, and empower consumers to
better manage their energy consumption.
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Executive summary
:LWKPXOWLSOHVPDUWJULGFRPPXQLFDWLRQWHFKQRORJ\DYDLODEOHXWLOLWLHVDUHIDFLQJGLIILFXOWLHVLQFKRRVLQJ
WKH ULJKW WHFKQRORJ\ FRPPXQLFDWLRQV SODWIRUP WKDW FDQ DGGUHVV QRW RQO\ WKH $0, QHHGV LW PD\ KDYH
WRGD\ EXW DOVR RWKHU VPDUW JULG DSSOLFDWLRQV WRPRUURZ 8WLOLWLHV LQ YDULRXV SODFHV KDYH GLIIHUHQW
VWUDWHJLHVPDUNHWFKDUDFWHULVWLFVDQGHQYLURQPHQWV8QGHUVWDQGLQJWKHVHHOHPHQWVLVLPSRUWDQWWRGHILQH
WKHEHVWFRPPXQLFDWLRQVROXWLRQIRUHDFKGLIIHUHQWXWLOLW\FRPSDQ\

7KLV GRFXPHQW ZLOO KHOS XWLOLWLHV WR PDS WKHLU GLIIHUHQW VLWXDWLRQGHSOR\PHQW VFHQDULRV DFURVV WKH
LPSRUWDQW DVVHVVPHQW FULWHULD DQG WR GHILQH WKH LPSOLFDWLRQV RI WKLV DVVHVVPHQW LQ FKRRVLQJ WKH ULJKW
FRPPXQLFDWLRQ WHFKQRORJ\ 7KLV ZKLWH SDSHU IRFXVHV RQ WKUHH VPDUW JULG FRPPXQLFDWLRQ WHFKQRORJLHV
5) 0HVK 3/& DQG FHOOXODU DQG LV RUJDQL]HG LQWR WKUHH UHPDLQLQJ VHFWLRQV IROORZHG E\ D EULHI
FRQFOXVLRQ DQG QH[W VWHSV 7KH ILUVW VHFWLRQ The Smart Grid Communication Assessment Criteria,
LGHQWLILHVDVVHVVPHQWVHOHFWLRQFULWHULDRIVPDUWJULGFRPPXQLFDWLRQWHFKQRORJLHV,WDOVRSURYLGHVFRQFLVH
GHVFULSWLRQ RQ WKH FULWHULD GHILQLWLRQ SRWHQWLDO VFHQDULR DQG KRZ HDFK VFHQDULR LQIOXHQFHV WKH
FRPPXQLFDWLRQWHFKQRORJ\GHFLVLRQ7KHVHFRQGVHFWLRQThe Technology FamilyGHVFULEHVHDFKRIWKH
VPDUW JULG FRPPXQLFDWLRQWHFKQRORJ\ FKDUDFWHULVWLFVHVSHFLDOO\ RQ WKRVH WKDW IXUWKHUH[SODLQ KRZ HDFK
WHFKQRORJ\ VXLWV RU GRHV QRW VXLW FHUWDLQ FULWHULD LQ WKH SUHYLRXV VHFWLRQ 7KH WKLUG VHFWLRQ Examples
Network Choice, SURYLGHV WKUHH SDVW H[DPSOHV RI XWLOLW\ FRPSDQLHV WKDW GHSOR\HG HDFK RI WKH WKUHH
WHFKQRORJLHV7KLVVHFWLRQGHVFULEHVWKHDVVHVVPHQWFULWHULDUHVXOWVRIWKHFRPSDQLHVDQGKRZWKRVHOHDG
LQWRWKHGHFLVLRQRIVPDUWJULGQHWZRUNWHFKQRORJ\WKDWWKH\KDYHPDGH7KHConclusion and Next Steps
VHFWLRQV\QWKHVL]HVRXWSXWRIWKLVZKLWHSDSHUGHVFULEHVZKDWLWPHDQVWRXWLOLW\FRPSDQLHVDQGVXJJHVWV
QH[WVWHSVIRULPSOHPHQWDWLRQ7KLVZKLWHSDSHUDOVRRFFDVLRQDOO\WRXFKHVXSRQDQDO\VLVWRZDUGVGLIIHUHQW
UHJLRQVLQWKHZRUOGVSHFLILFDOO\LQWKH868.(XURSHDQG$VLD

7DEOH6QDSVKRWVXPPDU\RIVPDUWJULGFRPPXQLFDWLRQDVVHVVPHQWFULWHULDUHVXOWV

No

1

2
3
4
5
6

Assesssment criteria

Scenarios/options

Preference for high capex
Preference for low capex (high opex)
Have ownership on PLC line
Regulatory and business model
No ownership on PLC line
Sufficient spectrum availability for 900 MHz
Not sufficient spectrum availability for 900 MHz
Smart metering: focus on meter reading function
Smart grid objectives/vision
Grid modernization and distribution automation
Customer driven applications
Full deployment
Smart grid deployment strategy
Targeted deployment
< 50 meters per transformer
Numbers of meters per transformer required 50 - 100 meters per transformer
> 100 meters per transformer
High customer density
Territory/customer density
Low customer density
Strong and stable cellular coverage
Cellular coverage
No/weak and unstable cellular coverage

Smart grid communication technology
RF Mesh 900 MHz RF Mesh 2.4. GHz PLC
Cellular



The Smart Grid Communication Assessment Criteria
8WLOLW\ FRPSDQ\ KDV WR DVVHVV LWV GHSOR\PHQW VFHQDULR RU VLWXDWLRQ WKDW ODUJHO\ GHILQHV FRPPXQLFDWLRQ
QHWZRUN GHVLJQDUFKLWHFWXUH 7KLV VFHQDULR FRQVLVWV RI VHYHUDO HOHPHQWV RU DVVHVVPHQW  FULWHULD
$VVHVVPHQWFULWHULDGHVFULEHGLQWKLVZKLWHSDSHUUHSUHVHQWEDVLFDQGIXQGDPHQWDOHOHPHQWVRIVWUDWHJLF
GHFLVLRQV DQG H[WHUQDO IDFWRUV WKDW DIIHFW WKH GHJUHH RI VXLWDELOLW\ EHWZHHQ HDFK FRPPXQLFDWLRQ
WHFKQRORJ\ DQG WKH XWLOLW\ FRPSDQ\ 7KH DVVHVVPHQW UHVXOW RI WKHVH FULWHULD FDQ DOVR KHOS LGHQWLI\
QHFHVVDU\DGMXVWPHQWVWKDWQHHGWREHWDNHQIRUHDFKVPDUWJULGFRPPXQLFDWLRQWHFKQRORJ\

)LJXUH6PDUWJULGFRPPXQLFDWLRQWHFKQRORJ\DVVHVVPHQWFULWHULD

Business
model &
regulatory

Company
strategy



Business model and regulatory
— Type of business model and preference on capital expenditures
— High capex vs high opex
— Regulation on network infrastructure ownership
— Regulation on network spectrum



Smart grid objectives/vision
— Operational: focus on meter reading
— Grid modernization and distribution automation
— Customer driven applications
Smart grid deployment strategy
— Full deployment
— Targeted deployment
Number of meters per transformer required
Communication technology’s infrastructure cost per meter
Territory/customer density
Number of meters per area served by smart grid system
Cellular coverage
Strength, stability and accessibility of cellular network in the smart
grid coverage area





Market /
field
topology






Business Model and Regulatory
8WLOLW\¶VUHVRXUFHVDQGLWVEXVLQHVVPRGHODVZHOODVH[WHUQDOUHJXODWRU\VXSSRUWVDUHYHU\LQIOXHQWLDOLQ
GHWHUPLQLQJQHWZRUNWHFKQRORJ\IRUXWLOLW\¶VVPDUWJULGV\VWHP
Business model and its impact on utility’s preference on capital expenditure
0XQLFLSDODQGFRRSHUDWLYHXWLOLW\FRPSDQLHVXVXDOO\DUHVPDOOLQVL]HDQGPD\QRWKDYHDORWRIUHVRXUFHV
WRPDQDJHVPDUWJULGSURMHFWV,WDOVR WHQGVWRKDYHD YHU\KLJKFRVWRIFDSLWDOZKLFKPHDQVLWZLOO EH
YHU\ H[SHQVLYH WR VSHQG FDVK XSIURQW IRU LQYHVWPHQW +HQFH ORZ FDSH[KLJK RSH[ SURMHFW ZRXOG EH
SUHIHUDEOH ,QYHVWRU 2ZQHG 8WLOLW\ ,28  RQ WKH RWKHU KDQG ZLOO QHHG WR VXEPLW VPDUW JULG SURMHFW
SURSRVDOWRXWLOLWLHVFRPPLVVLRQIRUDSSURYDO7KLVSURSRVDOUHTXLUHV,28WRSUHVHQWFHUWDLQUDWHRIUHWXUQ
FDVH &RVW RI FDSLWDO RI ODUJH ,28 ZLOO GHILQLWHO\ EH ORZHU FRPSDUHG WR PXQLFLSDO¶V RU FRRSHUDWLYH¶V
KHQFHLWKDVPRUHLQFHQWLYHVWRVSHQGFDSLWDODQGFUHDWHUHWXUQ,28DOVRKDVHQRXJKKXPDQUHVRXUFHVWR
PDQDJH WKHLU QHWZRUN V\VWHP 7KHVH VLWXDWLRQV OHDG WR SUHIHUHQFH IRU FDSH[ 6WDWHRZQHG HQWHUSULVH
62( LVDFRPPRQEXVLQHVVPRGHOIRUXWLOLW\FRPSDQLHVLQ$VLD7KHUHLVQRPDLQVWUHDPSUHIHUHQFHRQ
FDSH[YVRSH[LQWKLVEXVLQHVVPRGHO

Regulations on network infrastructure ownership
,QVRPHFRXQWU\WKHHOHFWULFLW\SURGXFHUVDUHQRWQHFHVVDULO\WKHVDPHZLWKWKHVHOOHUV:KHQDPDUNHW
DGDSWV UHWDLOHU PDUNHW OLNH WKLV DSSO\LQJ KLJKFDSH[ VPDUW JULG VROXWLRQV KDV D KLJK ULVN EHFDXVH
FXVWRPHUVFDQHDVLO\FKDQJHWKHLUHOHFWULFLW\VXSSOLHUVLQVKRUWWLPH7KHVLPLODUVLWXDWLRQDSSOLHVZKHWKHU
XWLOLW\ RZQV SRZHU OLQH RU QRW ,I LW GRHV WKHQ LW PDNHV VHQVH WR GHYHORS KLJKFDSH[ SURMHFW ZLWK 3/&
WHFKQRORJ\RUK\EULG,ILWGRHVQRWWKHQKLJKRSH[SURMHFWLVSUHIHUDEOHRUDIHHEDVHG3/&SURMHFWDVDQ
DOWHUQDWLYH
Regulations on network spectrum accessibility
,Q WKH 86 )HGHUDO &RPPXQLFDWLRQ &RPPLVVLRQ¶V )&&  KDVIOH[LEOHUHJXODWLRQV UHJDUGLQJ WKHXVHRI
SXEOLFXQOLFHQVHGUDGLREDQGV:KLOHLQ(XURSHWKHVHEDQGVDUHKHDYLO\UHJXODWHG,QPRVWSDUWRI$VLD
WKH0+]5)VSHFWUXPEDQGVDUHUHJXODWHGDQGSUHDOORFDWHGPRVWO\IRUWHOHFRPPXQLFDWLRQ$OOWKHVH
UHJXODWLRQV RQ QHWZRUN DFFHVVLELOLW\ ZLOO VWURQJO\ DIIHFW XWLOLW\¶V VHOHFWLRQ RI VPDUW JULG QHWZRUN
WHFKQRORJ\

Smart Grid Objectives/Vision
7KHFRPPXQLFDWLRQLQIUDVWUXFWXUHLQVPDUWJULGPXVWVXSSRUWLWVGHVLUHGIXQFWLRQDOLWLHVDQGSHUIRUPDQFH
UHTXLUHPHQWV QRW RQO\ IRU WRGD\ EXW DOVR LQ WKH QH[W    RU  \HDUV GHSHQGLQJ RQ WKH XWLOLW\
FRPSDQ\¶VYLVLRQ8WLOLWLHVQHHGWRWKLQNDERXWZKDWWKHGULYHUVRUREMHFWLYHVRIGHSOR\LQJVPDUWJULGDUH
Operational: Focus on Meter Reading
,IWKHORQJWHUPREMHFWLYHLVPDLQO\WRKDYHDEHWWHUPHWHUUHDGLQJIXQFWLRQWKHQDOOVPDUWJULGQHWZRUN
FRPPXQLFDWLRQ WHFKQRORJ\ ZLOO EH FDSDEOH LQ DFKLHYLQJ VXFK REMHFWLYH ,I XWLOLW\ ZDQWV WR DSSO\ PRUH
DGYDQFHG VPDUWPHWHULQJ DSSOLFDWLRQV RYHU WLPH WKHQ VHYHUDO QHWZRUN WHFKQRORJLHV ZRXOG EH PRUH
VXLWDEOHWKDQDQRWKHU
Grid Modernization and Distribution Automation
Utility should think of its long-term, 5, 10 or 15 years smart grid objectives. If immediately, or within the
short future utility wants to apply grid modernization and distribution automation (DA) function, then utility
will need a high speed, high bandwidth, and low latency smart grid communication technology to be installed
since the beginning. This will reduce required cost over the smart grid life cycle. Not only cheaper by million
dollars, but deploying smart distribution/DA applications early will also help customer education process for
future smart grid development.

Customer Driven Applications
&XVWRPHU GULYHQ DSSOLFDWLRQV VXFK DV GHPDQG UHVSRQVH ORDG PDQDJHPHQW  GLVWULEXWHG VWRUDJH VRODU
LQWHJUDWLRQHOHFWULFYHKLFOHLQWHJUDWLRQHWFZRXOGKDYHWKHKLJKHVWUHTXLUHPHQWRQQHWZRUNWHFKQRORJ\
+LJKEDQGZLGWKKLJKVSHHGDQGORZODWHQF\FRPPXQLFDWLRQWHFKQRORJ\FRXOGVXSSRUWWKHVHIXQFWLRQV
KRZHYHUIXUWKHUGHYHORSPHQWVDUHVWLOOUHTXLUHG



7DEOH6PDUWJULGFRPPXQLFDWLRQWHFKQRORJ\SHUIRUPDQFHRQDGYDQFHGDSSOLFDWLRQV

No

Applications

RF Mesh 2.4 GHz

Smart grid communication technology
PLC
Cellular

Notes

1 Distribution automation

Yes*

No**

Yes

2 Multi-interval meter reading

Yes

Yes

Yes*

*Especially on WAN
**PLC only supports up to substation
*If cellular carrier provides head end software and is able
to support this application, or if the AMI network provider
can support this application
*Can read meter on-demand but manually
**If cellular carier provides head end software, or if the
AMI network provider can support this application

3 On-demand meter reading

Yes

No*

Yes**

4 Firmware/progress updates

Automatic*

Manual

Depends**

5 Service switch
Demand response - direct load
6 control
7 Real-time pricing
8 Provisioning
9 Outage management

Yes/No*

No

Yes/No**

Yes
Yes
Automatic
Yes

No
Yes
Manual
Yes

Yes*
Yes*
Automatic*
Yes*

*Can upgrade on the air, down to the meter automatically
**Need to upgrade at NMS
*Depends on the provider
**Depends if cellular carrier provides head end software
and is able to support this application, or if the AMI
network provider can support this application
*If cellular carrier provides head end software and is able
to support this application, or if the AMI network provider
can support this application

Smart Grid Deployment Strategy
,I XWLOLW\ FRPSDQLHV KDYH VXSSRUW IURP UHJXODWRU DQG LQIOXHQFHU VWDNHKROGHU WKHQ WKH TXHVWLRQ LV ZKDW
GHSOR\PHQW VWUDWHJ\ WKDW WKH XWLOLW\ DQG LWV VWDNHKROGHU ZDQW WR LPSOHPHQW 7KHUH DUH WZR SRVVLELOLWLHV
0DVVEODQNHWIXOOGHSOR\PHQWRUWDUJHWHGGHSOR\PHQW
Full deployment
8WLOLW\ ZLOO GR IXOO GHSOR\PHQW ZKHQ WKH VPDUW JULG VROXWLRQ LV LQVWDOOHG WR FRYHU DOO RI FRPSDQ\¶V
FXVWRPHUV DUHD 7KLV GHSOR\PHQW VFHQH LV DOVR FDOOHG PDVV GHSOR\PHQW RU EODQNHW GHSOR\PHQW $OO
QHWZRUNFRPPXQLFDWLRQWHFKQRORJLHVIRUVPDUWJULGDUHFDSDEOHRIGRLQJWKLV
Targeted deployment
,I XWLOLW\ FRPSDQLHV ZLOO RQO\ GR WDUJHWHG GHSOR\PHQW ZKLFK PHDQV VPDUW JULGGHSOR\PHQW RQ VSHFLILF
FXVWRPHUVPHWHUVZLWKLQWKHZKROHFXVWRPHUDUHDWKHUHLVRQO\RQHFRPPXQLFDWLRQWHFKQRORJ\WKDWFDQ
VXSSRUW7KHUHDUHVHYHUDOW\SHVRIWDUJHWHGGHSOR\PHQW L +LJKYDOXHFXVWRPHUVEDVHG7KLVLVDVPDUW
JULGGHSOR\PHQWWRPRQLWRULQFUHDVHHIILFLHQF\DQGVHUYLFHWRKLJKYDOXHFXVWRPHUV LL 2SWLQ:KHQD
PXQLFLSDOFRRSHUDWLYHVWDWH GRHV QRW DSSURYHD VPDUWJULG RU VPDUW JULG SURMHFWKRZHYHU VRPH RI WKHLU
FXVWRPHUV YROXQWDULO\ UHTXHVW IRU VPDUW JULG LQVWDOOPHQW WKDW LV ZKHQ RSW LQ GHSOR\PHQW KDSSHQV LLL 
*DS ILOOHU7KHUH DUH DOVRVLWXDWLRQV ZKHUH D XWLOLW\ FRPSDQ\ DOUHDG\ KDV DVPDUW JULGV\VWHP LQVWDOOHG
KRZHYHUWKHUHDUHVWLOOVRPHJDSVLQWKHV\VWHP HJV\VWHPFDQRQO\UHDGLQDYHUDJHRIFXVWRPHUV¶
GDWD  7KH FRPSDQ\ WKHQ QHHGV DQRWKHU PHFKDQLVP WR UHDG DQG LQVWDOO QHZ VPDUW JULG V\VWHP WR WKHVH
XQUHDGDEOHFXVWRPHUV

Numbers of meter per transformer required
The result of this assessment criterion is driven by region. In the U.S number of meter/transformer
is on average less than 10. In Europe, the number of meter/transformer is on average more than
100. In Asia, the number of meter per transformer is around 60-70. The numbers of meter per
transformer will determine infrastructure cost per meter for certain communication technology,
hence this criterion becomes one of the smart grid project’s cost efficiency indicators. The decision
on which communication technology is the best for utilities will however also depends on other
assessment criteria.

Figure 2: Analysis on infrastructure cost per meter

Territory/Customer Density
0HDVXUHG E\ PHWHUVTXDUH PLOH WKLV FULWHULRQ DQDO\]H ZKHWKHU WKH PDUNHW LV DQ XUEDQ RU UXUDO
HQYLURQPHQW7KLVZLOOKDYHGLIIHUHQWLPSDFWRQGLIIHUHQWWHFKQRORJ\KHQFHLWLVLPSRUWDQWWREHDQDO\]HG
+DYLQJ VDLG WKLV VRPHWLPHV K\EULG VROXWLRQV FDQ EH WKH EHVW DQVZHUV IRU XWLOLW\ FRPSDQLHV HVSHFLDOO\
WKRVHWKDWDUHODUJHDQGVHUYHGLYHUVHWHUULWRULHV,WLVDOVRLPSRUWDQWWRidentify whether the area served
by utility company is flat or non-flat (foliage, hilly, trees), in order to determine what type of
adjustment required to optimize the chosen communication technology’s functionalities. Terrain
and land cover might require extra repeaters in place for some communication technology.
Distributions of meter location identifies whether there are high concentration on meters located in
basements. Usually the more urban/dense the area is, the higher likelihood of basements-locatedmeters is. This characteristic will also determine whether there are some adjustments required to
optimize the chosen technology performance.

Cellular Coverage
Utilities that strongly considers cellular for their communication technology should ensure that
there is strong, reliable, and accessible cellar signal on the smart grid area (NAN and/or WAN). It is
critical to know not only that there is some available cellular spectrum for smart grid applications,
but also that the quality of the cellular network is good (strong, high speed) and reliable. This
criterion is a basic requirement for cellular technology decision making.

Smart Grid Communication Technology Family
PLC tends to be more economical compared to wireless network technology due to the ubiquity of
power lines. However, there are some challenges that PLC technology faces. Since power lines are
not designed to transfer data, there will be noise over the transmission, with intensity depending
on the quality of the existing infrastructure. PLC technology also has limitation in supporting some

non-metering smart grid applications, hence if utility has a long-term smart grid vision that
involves advanced applications, using PLC could be a challenge. PLC is a capex heavy project due to
the installment of network, meters, and modem. PLC’s infrastructure cost per meter would be
competitive with the other technologies when there are >100 meters per transformer in the area
served by smart grid. If it is less, e.g. in the U.S., then the infrastructure cost per meter would not be
competitive compared to other technologies. ,QORZGHQVLW\DUHDVVXFKDVVXEXUEDQRUUXUDOWHUULWRULHV
3/&ZLOOEHFRVWHIIHFWLYHVLQFHIHHGHUVVHUYLQJPHWHUVWHQGWREHOHQJWK\

)LJXUH 3: Pros and cons of smart grid communication technologies
Pros
Power line
carrier

Cons
Potentially the more economical technology for operational
function: meter reading

Not high enough bandwidth and speed as well as low
enough latency to support grid modernization and several
advanced applications (especially narrowband)

Private network; full control ownership by utility

Significant upfront investment is required for targeted
deployment

Competitive infrastructure cost per meter for market with
>100 meters per transformer

High infrastructure cost per meter for market with
<50 meters per transformer
Performance is dependent on power line (single point of
failure), hence the quality of distribution line (e.g. high
noise / unstable) really affect smart grid performance

Independent of terrain/land cover; Able to reach meters at
architecturally-challenging positions (e.g. basement)
RF Mesh

Has higher bandwidth and speed than PLC to support grid
modernization, customer applications, and other advanced
smart grid functions

Not suitable for targeted deployment

Infrastructure cost per meter is independent of #meters per
transformer, hence it is more cost-competitive than PLC for
market with <50 meters per transformer

Terrain and land cover could affect the performance,
hence some adjustments would be required to be
optimum

Cost-effective in high-density/urban areas

Could be costly as the density falls

Private network; full control ownership by utility

Significant upfront investment is required for targeted
deployment

Redundancy and self-healing function increases reliability
(no single point of failure)
Cellular

Low latency, higher bandwidth (compared to PLC), and has
ability to aggregate very complex data (e.g. from industrial
and commercial customers)

Generally the most expensive smart grid communication
technology (however, cellular carriers are recently working
on lower cost for utilities’ smart grid projects)

The most effective communication technology that is able to
support targeted deployment at this point of time

Public network; Utility does not have ownership/control
CONFIDENTIAL | 10
over the network
High risk of obsolescence (short technology evolution)

Wireless mesh has high capacity as it has scalable high-band width capacity that accommodates
network of thousands devices. The mesh network mechanism allows a wide range of possible
routes, ensuring redundancy and self-healing capacity. It also supports more smart grid
applications compared to PLC. RF mesh is a heavy-capex project with high upfront installment of
network, comm module and meters (including the design). It has the high bandwidth, speed, and
low latency required to deploy grid modernization and customer applications, on top of smart
metering advanced applications. There are currently two major types of RF Mesh for smart grid
available in the market: RF Mesh 900 MHz and 2.4 GHz. There are available 2.4 GHz spectrums
available globally, while not necessarily the case for 900 MHz that is often unavailable or only has
very limited spectrum (especially outside the U.S. and Ausstralia). The difference between both
types of RF Mesh network can be found in Table 4.

1

ELP, AMI Communication Technology,
http://www.elp.com/articles/powergrid_international/print/volume-14/issue-8/features/amicommunications-technology.html, accessed June 1st, 2013

Most of the time cellular technology is used for Wide Area Network (WAN) communications or at
the backhaul of the system, to transfer data from end points in at the Neighborhood Area Network
(NAN) to the head-end. Recently there are some developments that allows cellular as an end-to-end
standalone solution, similar with RF Mesh, which can connect cellular technology directly to meters
or directly to neighborhood connection. One of the biggest challenges that cellular technology has is
its public network. Network is owned by the cellular telecommunication providers, who are also
decision makers on a lot of network-operations issues. The rapid development of cellular
technology also makes it has less long-term sustainability compared to RF Mesh and PLC. In the
early days, cellular technology is very expensive, however recently cellular providers has adapt
their price for smart grid customers to be much more competitive with the other two
communication technologies.
More detailed comparison on PLC, RF Mesh, and cellular technology for smart grid communication
systems can be seen in Table 4.
Assessment Criteria Results on Each Communication Technology
Each communication technology fits with different situation. The suitability of each network
technology towards different scenario for each of the assessment criteria is explained in Table 3.
Table 3: Assessment criteria results on each communication technology
No

1

2
3
4
5
6

Assesssment criteria

Scenarios/options

Smart grid communication technology
RF Mesh 900 MHz RF Mesh 2.4. GHz PLC
Cellular

Preference for high capex
Preference for low capex (high opex)
Have ownership on PLC line
Regulatory and business model
No ownership on PLC line
Sufficient spectrum availability for 900 MHz
Not sufficient spectrum availability for 900 MHz
Smart metering: focus on meter reading function
Smart grid objectives/vision
Grid modernization and distribution automation
Customer driven applications
Full deployment
Smart grid deployment strategy
Targeted deployment
< 50 meters per transformer
Numbers of meters per transformer required 50 - 100 meters per transformer
> 100 meters per transformer
High customer density
Territory/customer density
Low customer density
Strong and stable cellular coverage
Cellular coverage
No/weak and unstable cellular coverage

In general, PLC is going to potentially be the best solution for utility that prefers heavy-capex
project, owns power lines (backbone infrastructure), aims for mainly meter-reading function even
in the measurable future (e.g. in the next 5, 10, 15 years), conducts full deployment, has #meters
per transformer > 100, and has low-density market/coverage area.
RF Mesh is going to be the perfect solution for utility that prefers heavy-capex project, has sufficient
spectrum availability, aspires to have apply advanced smart grid function including grid
modernization (DA) and customers based application, conducts full deployment, and has highdensity market/coverage area. RF meshes 2.4 GHz and 900 MHz, however, have further quality
differentiation. Utility should further investigate which spectrum best fit its requirement, situation,
and provide better performance.

1.6 - 2.5 km*

>> 1 seconds per hop***

Depends country by country
Automatic
Yes, depends on whether provider complies with ANSI C12.22

10 Interference with other networks
11 Applicability
12 Availability

13 Regulatory
14 Provisioning

15 Interoperability

No regulatory, utility owns the power line

~20 years
Free from interference; ~100 billion Quite high interference; PLC affects other
devices globally, all coexist
equipment
Global
Global (except US and Canada)
99.90%
98.50%
No regulatory, as long as meeting
transfer level transmit power to
local preference
No regulatory, utility owns the power line
Manual

Notes

AES 128 or 256 bit, depending on
carrier. However, since it is a public
network, user will always share
bandwidth with others

Automatic*
Yes, depends on whether carrier
complies with ANSI C12.22

As long as meeting requirement from
telco provider

As long as utility pays to telco carrier;
As long as technology is still valid
Depends on the quality of the
network
Global
99.999%

Interoperability between headend systems

*Function is provided by AMI network provider

As long as there is access. Depends on *Power decrease through distance; It needs
how much utility pays to telco carrier repeater(s) up to substation

< 1 second

*RF Mesh and PLC transfer data through hops. For
RF Mesh NAN, assume average of 10 hops per
transfer (Trilliant technology can support up to 59
hops)
** For RF Mesh WAN, assume average of 6 hops per
transfer
*** Because data rate under PLC is low

*Only applies outside of the U.S., because in the
500 Kbps - 9 MB; However, usually < 1 U.S. there is no policy support to apply PLC
technology
Mb

Licensed
Cellular

Cellular
Operator managed WAN (public)

Most vendors comply with AES 128 Bit; Trilliant additionally complies
with NERC CIP S002 - S009
Most vendors comply with AES 128 Bit
Hard; Need to shutdown distribution network in
Easy
order to install system
Easy

~20 years
High interference; GSM
bandwidth still use 900 Mhz
Depends country by country
99.50%

9 Lifetime

8 Ease of deployment and operations

7 Security

<10 km

6 Coverage

NAN: < 35 km (without repeater);
WAN: 10 - 16 km

NAN: < 20 ms per hop*;
WAN: <10 ms per hop **

Power line
Power line

5 Message delivery latency

Smart grid communication technology
PLC
Utility deployed and operated (private)

4 Typical data rate/throughput

RF Mesh 2.4 GHz

NAN: < 300 Kbps;
NAN: 1.2 - 128.6 Kbps (Narrowband PLC);
WAN: Depends on the technology. Trilliant applies 54 Mbps (based on 33.4 Kbps (G3 PLC); 128.6 Kbps (Prime PLC)*;
5.8 GHz)
WAN: PLC doesn't support WAN

RF Mesh 900 MHz
Utility deployed and operated (private)
Unlicensed
Star, tree, and mesh

Characteristics/Performance Metrics

1 Network type
2 Spectrum type
3 Topology

No

Table 4: Smart grid communication technology comparison

Cellular is so far the most effective option for a targeted smart grid deployment. As long as
the targeted locations have strong and stable cellular coverage, utility should choose
cellular as its network technology
Utilities should carefully assess their situation based on these assessment criteria, then
together with consideration on cost, choose the most-suitable network technology.

Example of Network Choices
Iberdrola USA
Iberdrola USA, specifically Central Maine Power (CMP), one of the U.S.’ largest utilities,
serves more than 600,000 customer accounts with a service area that includes 78 percent of
Maine's population and major commercial and manufacturing centers. CMP has a broad,
long-term vision for its smart grid, which will require the wide and neighborhood area
networks to support applications beyond advanced metering infrastructure (AMI),
including smart consumer applications and smart distribution where reliability and realtime performance are mission-critical. To satisfy these demanding requirements while
keeping the total cost of ownership low, CMP chose to implement a private, multi-tiered
network in the unlicensed wireless spectrum.
Figure 4: Examples of network choices based on the assessment criteria
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British Gas
British Gas, part of Centrica PLC, is the United Kingdom’s leading energy supplier. The
utility serves 12 million consumers in Britain – nearly half of the country's homes – as well
as providing energy to one million UK businesses. As the largest energy retailer in the UK,
they are an aggressive first mover who is leading the UK smart meter rollout – 400,000
already deployed. They have the vision to lead the standards and become the first energy

retailer to roll out standards-based solutions in volume/scale. They are also consumerfocused: they view smart metering as an enabler for value-added services to customers.
BG’s deployment is massive: 16 MM+ meters, 3-4 devices each (electricity, gas, in-home
displays, and comms hub). Full UK rollout is planned be complete by 2019: 27m homes to
be connected with smart gas and electricity meters before then. Unlike in the US, the UK
energy market is highly deregulated and as such, energy retailers have to compete for
customers. Hence BG will need smart grid system that can cover their spread customers. BG
chose to use cellular as its network technology.

Enel
Enel is the main operator in Italy. It manages 39,813 MW of installed capacity and produces
79 TWh per year. Its contribution is crucial to meet the energy needs and national
development, serving over 31 million customers. ENEL installed power line based smart
meters for over 27 million customers. It was the first deployment of a nationwide smart
grid.

Conclusion and Next Steps
Choosing the right smart grid communication technology is very critical to define the
success of smart grid objectives/vision of each utility company. It is a long term decision
that requires a thorough consideration across all assessment criteria. There is no one-sizefits-all solution. Each technology has its own strength and weakness, and it can be the best
solution for different problem. Trilliant Inc. can provide further and more detailed
assistance on choosing the right solution for each utility’s situation based on these
assessment criteria, since Trilliant Inc. believes in a comprehensive solutions platform of all
smart grid communication technologies.
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