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PNM Resources

• Serving 859,000 customers in NM 
and TX

• Regulated by NMPRC and TX Utility 
Commission 

• 2,717 MW of generation

Project tackles numerous goals
• Data and results will help quantify and define requirements to 

create firm renewable resources - enabling high penetration of 
distributed resources and reduced greenhouse gas emissions

• Results will directly support a nationwide effort to develop the
next-generation utility system to further the understanding of 
critical integration technologies and standards for renewables 
and energy efficiency

• Targets a minimum of 15 percent peak-load reduction at a 
specific feeder through a combination of substation-sited and 
residential PV and storage  
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Project tackles universal issues
• Tests different combinations of several elements:

– Customer-owned PV, with and without storage
– Utility-owned PV with storage
– Both smart and traditional meters
– Demand response
– Residential HAN technologies and smart appliances
– Commercial building controls and HVAC systems
– Data center/solar integration

• Targets a variety of issues of national interest: 
– Grid stability issues caused by intermittent generation sources
– Effects of multiplying those sources (e.g. solar @ >15% of feeder capacity)
– Gap between solar peak and peak demand
– Interactions of distributed generation, dynamic pricing, demand response, 

storage
– Lack of well-defined control systems, communications and security protocols
– Conservation, efficiency, climate change and aging infrastructure challenges

Driver: All indicators point to high penetration 
of solar – an intermittent generation resource

SpringervilleSpringerville, AZ: , AZ: 
1 day at 101 day at 10--second resolutionsecond resolution……

……and 7 days and 7 days 
at 1at 1--minute resolutionminute resolution

Data source: EPRI/ Jay Apt and Aimee Data source: EPRI/ Jay Apt and Aimee CurtrightCurtright““TheThe Spectrum of Power Spectrum of Power 
from Utilityfrom Utility--Scale Wind Farms and Solar Photovoltaic ArraysScale Wind Farms and Solar Photovoltaic Arrays””, Carnegie , Carnegie 

Mellon Electricity Industry Center Working Paper, CEICMellon Electricity Industry Center Working Paper, CEIC--0808--0404
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Driver: Solar peaks before we really need it
Profile of typical Summer and Winter peaks for PNM RetailProfile of typical Summer and Winter peaks for PNM Retail
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EPRI
• Project management
• Industry Interface

• DOE
• Standards-making bodies
• Other national-level smart-grid efforts

• Funding for analytics phase

Responsibilities Matrix

Sandia Labs
• EPRI contractor
• Modeling
• Lab testing
• Integration to Mesa del Sol
• DOE integration

UNM
• EPRI contractor
• Modeling – comm’l bldg
• Lab testing – comm’l bldg

Vendors
• NDA w/EPRI

PNM
• EPRI customer
• Modeling
• Local coordination
• Equipment funding coordination
• Liaison to State of NM Green Grid Initiative

Mesa del Sol
• PNM customer
• Equipment funding target

Northern NM College
• PNM/NNMC RA 
• Data acquisition, analysis
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UC1UC1

UC2UC2

UC3UC3

UC4UC4

PNM Use Cases and Scenarios
• UC 1 – Customer provides PV based resource

– Utilize existing metering to 15% feeder capacity
– Utilize AMI to 15% feeder capacity
– Utilize AMI, HAN, PNM controlled inverters 

• UC 2 – Utility and/or customer provides electrical energy storage in conjunction 
with PV 

– Customer uses AMI, dynamic pricing and storage to optimize costs
– Utility uses storage to mitigate adverse voltage issues associated with PV

• UC3 – Customer implements demand response (DR) and responds to DR signal 
from Utility

– Utility responds to a variety of drivers and sends dynamic pricing signal to induce peak 
shaving 

– Utility responds to a variety of drivers and sends dynamic pricing signal to induce reliability 
based response 

• UC 4 – Utility implements integrated management of Distributed Energy 
Resources (DER – includes DG, DR and storage)

– Utility monitors and manages feeder voltage 
– Utility uses DER to address peaking requirements
– Utility uses DER to address transmission constraint
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PNM UC 1 - Customer provides PV-based resource

S1 - Utilize existing metering to 15% feeder capacity

Triggering Event:  Customer indicates the desire to begin the process with PNM to install a customer owned PV System that will be t ied into the PNM electric grid.

Step 1.1

Step 1.6

Step 1.3

Step 1.5

Step 1.2

Step 1.7
Step 1.8

Step 1.9

Step 1.10

Step 1.11

Step 1.12
Step 1.13

Use Case 1 Scenario 1

Customer
PV 

Program 
Manager

Meteri
ng 

Dpt.

REC 
Meter

Billin
g/Net 
Meter CIS

Step 1.4

Step 1.14

This is a sequence diagram for Use Case 
1 Scenario 1.  Timing for the events 

described in this scenario begins at the 
top left of the picture with the Customer 
(Step 1.1) and flows down, ending with 

Step 1.14.

PNM UC 1 - Customer provides PV-based resource

S2 - Utilize AMI to 15% feeder capacity
T riggering  E vent:   Customer indicates the desire to begin th e process with  P NM to install a cu st omer owned PV S ystem th at  will be t ied int o the PNM

electr ic grid.  This in st allation will include AMI.

S tep 2.1

Step 2.6

Step 2.3

Step 2.5

Step 2.2

Step 2.7
S tep 2.8

Step 2.9

S tep 2.10

Step 2.11
Step 2.12

Use Case 1 Scenario 2

Custo m
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CIS

Step 2.4

Th is is a sequence d iagram for Use  Case 
1  Scenario 2.  Timing  for the  events 

described in th is scenario beg ins at the 
top  le ft o f the  pictu re w ith  the  Customer 
(Step 2 .1) and flows down, end ing with 

S tep 2.19.

MDMS
AM I 
REC 
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e Serv 
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Step 2.14

Step 2.13

Step 2.19
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PNM UC 1 - Customer provides PV-based resource

S3 - Utilize AMI, HAN, PNM controlled inverters

Triggering Event:  Customer indicates the desire to begin the process with PNM to install a customer owned PV System, with two way communicating inverter.

Step 3.18

Step 3.24

Use Case 1 Scenario 3

Custom
er

PV 
Progra
m Mgr.

CIS
AMI 
NMSESBDO DMS

AMI 
Prem

ise 
Interf
ace

Cust
omer 
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ter

Step 3.19

Step 3.20

Step 3.21
Step 3.22

Step 3.23

Step 3.25

Step 3.26

Step 3.27

Step 3.29

Step 3.28

Step 3.31

Perform 
Use Case 

1 
Scenario 
2 Steps 

2.1 
through 

2.17

This is a sequence diagram for Use Case 
1 Scenario 3.  Timing for the events 

described in this scenario begins at the 
top left of the picture with the successful 

completion of Use Case 1 Scenario 2 
Steps 2.1 through 2.17 and flows down, 

ending with Step 3.33.

Step 3.30

Step 3.32

Step 3.33

PNM UC2 - Utility and/or customer provides electrical
energy storage in conjunction with PV 

S1 - Customer uses AMI, dynamic pricing and storage to optimize 
costs 

Triggering Event:  PNM calls a (non-emergency) economic event on the system.

Step 1.1

Use Case 2 Scenario 1

PV 
Progra
m Mgr.

AMI 
NMS

ESB

AMI 
Premis

e 
Interfa

ce

Custo
mer 
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r

This is a sequence diagram for Use Case 
2 Scenario 1.  Timing for the events 

described in this scenario begins at the 
top left of the picture with the PV Program 

Manager (Step 1.1) and flows down, 
ending with Step 1.22.
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DRAAC
S

Step 1.2
Step 1.3

Step 1.4
Step 1.5

Step 1.7

Step 1.6

Step 1.8

Step 1.9

Step 1.10
Step 1.11

Step 1.12
Step 1.13

Step 1.14
Step 1.15

Step 1.16

Step 1.22
Step 1.21

Step 1.20

Step 1.19

Step 1.18

Step 1.17
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PNM UC2 - Utility and/or customer provides 
electrical energy storage in conjunction with PV 
S2 - Utility uses storage to mitigate adverse voltage issues 

associated with PV
Triggering Event: A distribution node (AMI Billing/NetMeter) detects a voltage limit event.

Use Case 2 Scenario 2

AMI 
NMS ESB

AMI 
Premis

e 
Interfa

ce

This is a sequence diagram for Use Cas e 
2 Scenario 2 .  Timing for the events 

described in this scenario  begins at the 
top le ft of the picture with the AMI Billing /

Net Meter (S tep 2.1) and flows down,  
ending with Step 2.32.
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Step 2.7

Step 2.8

Step 2.10

Step 2.9

Step 2.11
Step 2.12 Step 2.13

Step 2.14

Step 2.16Step 2 .17
Step 2.18

Step 2.19 Ste p 2.20

Step  2.21

Step  2.25
Step 2.26

Step 2.1

Step 2.27

Step  2.28

Step  2.29

Step  2.30
Step 2.31

Ste p 2.32

Step  2.24

PNM UC3 - Customer implements demand response (DR) 
and responds to DR signal from Utility

S1 - Utility responds to a variety of drivers and sends dynamic pricing 
signal to induce peak shaving

Triggering Event: PNM, after viewing the current system metering data, decides to send out an economic signal to encourage customers to react in a certain way.

Use Case 3 Scenario 1
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This is a sequence diagram for U se Case 
3 Scenari o 1.  Timing for the events 

described in this scenario begins at the 
top left of the picture with the Wholesale 

Power Group (WPG) (Step 1.1) and flows 
down, ending with Step 1.20.
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PNM UC3 - Customer implements demand response (DR) 
and responds to DR signal from Utility

S2 - Utility responds to a variety of drivers and sends dynamic 
pricing signal to induce reliability based response

Tr ig ger ing  E ven t: P N M , d ecid es, b ecau se o f relia bili ty  c on cer ns, to  iss ue a  D R  Ev ent  N o tif icat ion.

U s e  C a s e 3 S ce n a rio  2
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Th is  is  a  s e que nc e d ia gram  for  U s e C a s e 
3  S c e nar i o 2.   Ti mi ng  f o r t he  ev en ts  

des c r i bed  in  t hi s  s c en ar io  be g in s  a t t he  
top  l e ft  o f the  p ic t u re  w it h the  D MS / E MS  
(S t ep 2 . 1 ) and  f low s  d ow n,  end ing  w it h 
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PNM UC4 - Utility implements integrated management of 
Distributed Energy Resources (DER includes DG, DR and storage)

S1 - Utility monitors and manages feeder voltage

T rig g e r in g  Ev e n t: A n  A M I  B i ll in g/N e t M e te r(s )  (a  d is t rib u tio n  n o d e(s ) ) d e t e c ts  a  v o lta g e  lim it  e v e n t.

U se  C a se 4  S ce na ri o  1

T h is  is  a  se q u e n c e  d i a g r a m  fo r  U se  C a s e  4  
S c e n a r io  1 .  T im in g  fo r  t h e  e ve n ts  d e s c r ib e d  in  
t h is  s c e n a r io  b e g i n s a t th e  to p  le f t o f t h e  p i c tu r e  
w i th  th e  AM I B ill in g /N e t M e te r a n d  f lo w s  d o w n  to  

th e  b o tt o m  o f th e  d ia g ra m , e n d i n g  w ith  th e  
i n fo r m a tio n  e x c h a n g e  b e tw e e n  t h e  D M S / EM S  
a n d  th e  M D M S .   D u e  to  th e  n u m b e r o f st e p s  i n  

t h is  sc e n a r i o  s o m e  o f th e  s te p s  h a ve  b e e n  
o m itt e d  f ro m  t h e  d ia g r a m .
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PNM UC4 - Utility implements integrated management of 
Distributed Energy Resources (DER includes DG, DR, storage)
S2 - Utility uses DER to address peaking requirements

Tr igger ing  Even t: PNM d ecides, becaus e of p eaking  con cerns, to  issue a DR Even t Not ificatio n.

U se  C as e 4  Sc enar io  2

This  is  a  s eque nce diagram  for  U se C as e 4 
S cena ri o  2.  Tim ing for  t he ev ents  desc r ibed in  
th i s sc enari o  begi ns a t the t op l e ft o f the p ic ture  

w i th t he E MS  and f low s  dow n to the bottom  of  th e 
d iagram,  en ding w ith  the in fo rm atio n ex c hange 

bet w een t he D E R  Aut omat ion Appl ic ati on and the 
MD M S.   D ue t o  t he num ber  of st eps  in  thi s 

s c enar io  s om e of  the s teps  hav e b een om itt ed 
from the d iagram .
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PNM UC4 - Utility implements integrated management of 
Distributed Energy Resources (DER includes DG, DR, storage)

S3 - Utility uses DER to address transmission constraint
Trigger ing Event: PNM decides, b ecau se of  tra nsmission c onst rain t co ncerns, to  issue a DR Event  No tif ication.

Use Case 4 Scenario 3

This is a  sequence diagram for Use Case 4 
Scenario 3.  Timing for the even ts described in 
thi s scenario begins at the top left o f the picture 

wi th the EMS and  flows down to the bottom of the 
diagram, ending wi th the information exchange 

between the DER Automation  Applicati on and the 
MDMS.  Due to the number of steps in this 

scenario some of the steps have been  omitted 
from the diagram .
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PNM ESB

PNM SG Communications
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PNM AMI

PNM Use Case Architecture
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Gap Analysis - Technology

• Technology  - AMI; how to 
measure RECs with storage

• Voltage/VAR application 
shall track LTC and capacitor 
bank control actions 
(counts).

• Placement of the REC meter 
has to be thought out 
carefully with a battery 
involved; DC measurement of 
RECs not allowed

• This is a key benefit 
measurement – limiting 
these actions in the face of 
high-penetration PV

Functional RequirementFunctional Requirement Identified GapIdentified Gap

Gap Analysis - Technology

• Battery storage technology shall 
respond fast enough and with 
sufficient duration to mitigate 
LTC operations due to PV ramp 
rate

• DRAACS has the capability to 
send out DR event notification 
to customers via AMI NMS and 
the AMI Premises Interface

• Key benefit needed from 
battery – ability to do 
smoothing and 
arbitrage/peak shifting –
what portion of battery 
capacity is dedicated to each 
function? What are battery 
control algorithms?

• Implies a parallel control 
system to current SCADA?

Functional RequirementFunctional Requirement Identified GapIdentified Gap
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Gap Analysis – Functional

• DRAACS shall retrieve data 
from MDMS via AMI 
Infrastructure to determine 
effectiveness of economic 
signal response

• PV Program Manager may 
create economic signal (Day 
ahead, RT, TOU, etc)

• Substantial development 
needed to fit DRAACS into 
current Dist Ops environment 
– do they make economic 
dispatch decisions?

• What factors into this signal: 
combination of wholesale, 
transmission reliability, 
distribution reliability?

Functional RequirementFunctional Requirement Identified GapIdentified Gap

Gap Analysis – Functional 
Real Time Pricing Models

• Existing ISO Models
• OASIS EMIX in NIST Roadmap
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Gap Analysis – Functional

• Retail Rates and Tariffs is 
capable of retrieving 
information from the 
Wholesale Power Group 

• Retail Rates and Tariffs is 
capable of processing 
information and producing 
dynamic pricing

• The available information 
isn’t really true market real 
time pricing – WECC has no 
ISO. New systems will have 
to be put in place to 
disseminate 

• Will need information from a 
lot of places to produce 
pricing signal - also may be 
different prices in different 
parts of the system

Functional RequirementFunctional Requirement Identified GapIdentified Gap

Gap Analysis – Functional

• Distribution 
Operations/Power 
Operations has the ability to 
notify Wholesale Power 
Group of the need for a DR 
event

• These groups don’t currently 
interact – may point to a 
different, new group that 
doesn’t exist in the utility 
structure

Functional RequirementFunctional Requirement Identified GapIdentified Gap
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Gap Analysis - Policy

• REC meter only allows power 
to flow one direction (out)

• Wholesale Power Group has 
the capability to review the 
information from the 
DMS/EMS and create a DR 
event

• Customer shall have the 
capability to override DR 
event via CEMS and/or 
Customer Display

• Relates to battery 
incorporated systems – what 
are implications of not 
permitted? grid charging?

• WPG may not be the right 
name – new group involved? 
Would this group be under 
federal and state 
jurisdiction?

• What penalties should be in 
place?  Should they be 
different if DR event is 
reliability rather than 
economic based?

Identified GapIdentified GapFunctional RequirementFunctional Requirement

Some of the many lessons learned
• Modeling will be critical 

– Little is known or tested on battery control algorithms
– DG placed at end of feeder vs. beginning of feeder could exhibit very different 

behaviors
– Models need to be calibrated on the front end for acceptance
– Lots of data will be needed to validate front and back ends of modeling effort 

• Functional/org structure issues have to be raised as SG architecture is 
developed.

– Groups/functions will need to be in place and staffed that don’t exist now
– These are costs that have to be identified along with equipment costs

• Technology gaps and incumbent architecture need to be displayed to 
industry from a non-silo’d perspective

– Architecture needs to incorporate NIST and align with other demo projects
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Some of the many lessons 
learned

• Alignment to NIST
– Given the parallel efforts in the industry, we may need to go 

back to our use cases and update them.  For example, the EPRI 
report to NIST for the Interoperability Roadmap discusses a 
"DMS" actor that includes distribution automation, demand 
response, distributed energy, and PHEVs.  These are separate 
actors in the PNM use cases (e.g. DRAACS).


