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D
isclaim

er 

�
This presentation w

ith the P
R

E
C

 is based on prelim
inary IR

P w
ork, 

w
hich is currently going through extended technical review

, 
stakeholder inputs, discussions, and alignm

ents.  
�

A
s such, m

any concepts, approaches, assum
ptions and results in 

this presentation should be considered prelim
inary and are subject to 

changes and adjustm
ents as part of the ongoing IR

P process.  
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PR
EC

 Technical C
onference A

genda: 
M

orning 8:30-12:30 Eastern Tim
e 

�
Stakeholder Presentation  

�
Stakeholder Engagem

ent Status  
�

Planning Environm
ent  

�
C

aveats and Lim
itations 

�
R

esource Plan D
evelopm

ent  
�

R
esources N

eeds A
ssessm

ent  
�

Transm
ission and D

istribution  
�

Existing R
esources  

�
N

ew
 R

esource O
ptions 
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PR
EC

 Technical C
onference A

genda: 
A

fternoon 13:30- 16:30 Eastern Tim
e 

�
Load Forecast 13:30-14:00 

�
A

ssum
ptions and Forecasts  

�
Energy Efficiency &

 D
em

and 
R

esponse 14:00-14:30 
�

Environm
ental R

eview
 14:30-15:00  

�
Fuel Infrastructure and Forecast 
15:00-15:30 

�
D

istributed G
eneration 

�
C

ost and A
vailability of C

apital 
�

A
ction Plan 
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Stakeholder Engagem
ent Status 

D
ate 

Location 
Stakeholder G

roups 
1 

June 4 
San Juan 

C
ustom

er A
ssociations and A

cadem
ia 

2 
June 4 

San Juan 
N

on-governm
ental O

rganizations (N
G

O
s) and Environm

ental O
rganizations 

3 
June 6 

San Juan 
Suppliers and D

evelopers 

4 
June 6 

San Juan 
G

eneral Public 

5 
June 8 

San Juan 
R

and C
orporation 

6 
June 13 

R
em

ote 
U

.S. EPA
, Junta de C

alidad A
m

biental de Puerto R
ico (JA

C
), P3 

7 
June 20 

R
em

ote 
D

epartm
ent of Energy N

ational Labs 

8 
July 12 

R
em

ote 
Pharm

aceutical A
ssociations- PIA

 

9 
July 16 

R
em

ote 
C

reditors 

10 
July 20 

R
em

ote 
TA

C
  

11 
July 25,31 
A

ug 3,7 
R

em
ote 

FO
M

B
 

12 
A

ug 14 
San Juan 

PR
EC

 m
eeting 
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Planning Environm
ent 

P
R

E
PA

 IR
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 Planning Environm
ent 

Policy 
A

nalysis Im
plication 

R
enew

able Portfolio Standard 
(R

PS)  

 A
ct 82 of July, 2010 defines specific requirem

ents to prom
ote 

energy diversification by creating an R
P

S
. This rule requires 

load serving entities to supply increasing shares of retail 
sales 

w
ith 

qualified 
renew

able 
and 

alternative 
sources 

starting at 12 percent in 2015 increasing to 15 percent in 
2027 and 20 percent in 2035. P

R
E

PA has not m
et R

P
S

 
targets to date. 
 In the R

P
S

 statute there are grounds for non-com
pliance (A

ct 
82-2010, S

ection 2.12(d)), e.g., “insufficiency of sustainable 
renew

able 
energy 

or 
alternative 

renew
able 

energy 
producers” and “the excessive cost of acquisition of the 
electric pow

er generated by a renew
able energy producer”. 
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 Planning Environm
ent 

Policy 
A

nalysis Im
plication 

Energy R
ELIEF Plan 

A
ct 57-2014 requires PR

EPA
 to adopt Puerto R

ico’s R
ELIEF Plan w

hich 
requires that w

ithin 3 years from
 July 1, 2014, at least 60 percent of the 

electricity generated in Puerto R
ico from

 fossil fuels is generated in a highly 
efficient m

anner as defined by the Energy C
om

m
ission.  

R
egulation on M

icrogrid D
evelopm

ent 

The final M
icrogrid R

egulation of M
ay 2018 is intended to set the legal and 

regulatory fram
ew

ork required to prom
ote and encourage the developm

ent of 
m

icrogrid system
s in Puerto R

ico, enable custom
er choice and control over 

their electric service, increase system
 resiliency, foster energy efficiency and 

environm
entally sustainable initiatives and spur econom

ic grow
th by creating 

a new
 and em

erging m
arket for m

icrogrid services. It intends to prom
ote the 

developm
ent of M

icrogrid system
s by enabling their im

plem
entation through 

different business and operational m
odels. 

 PR
EPA

 could seek w
aiver of provisions of the regulation but has not yet 

m
ade any decision to do so.  
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 Planning Environm
ent 

Policy 
A

nalysis Im
plication 

M
ercury and A

ir Toxics Standard 
(M

ATS) 

The M
ATS rule requires facility specific em

ission reductions of m
ercury, acid 

gases, and particulate m
atter. This is a com

m
and-and-control type of regulation 

w
ith no allow

ance trading. Several PR
EPA

 facilities rem
ain out of com

pliance 
and are required to run for reliability purposes. The IR

P w
ill inform

 pathw
ays 

to M
ATS com

pliance for these units.  

N
ational A

m
bient A

ir Q
uality 

Standards (N
A

A
Q

S) 

EPA
 updated attainm

ent designations for SO
2 based on detailed air quality 

m
onitoring in D

ecem
ber 2017. The standard for SO

2 is 75 parts per billion. 
Puerto R

ico m
ust finalize a state im

plem
entation plan (SIP) by M

ay 2019 
addressing com

pliance for tw
o areas designated as nonattainm

ent. Em
issions 

from
 all generating units w

ill be m
odeled and reported in the IR

P analysis.  

G
reenhouse G

as Em
ission Standards 

The 
N

ew
 

Source 
Perform

ance 
Standards 

(N
SPS) 

for 
Electric 

U
tility 

G
enerating U

nits w
as finalized in A

ugust of 2015 and sets a rate lim
it of 

1,000lbs of C
O

2/M
W

h for com
bined cycle natural gas plants and a lim

it of 
1,400lbs of C

O
2/M

W
h for coal plants. 

R
egulation in Integrated R

esource 
Planning for the Puerto R

ico Electric 
Pow

er A
uthority (9021)  

R
egulation 9021 is intended to serve to m

ake sure that the IR
P is a useful tool 

to im
prove the system

's reliability, resiliency, efficiency, and transparency, and 
offer electric pow

er services at reasonable prices. Specifically, 9021 defines the 
required contents and organization of the IR

P, the process w
ith PR

EC
, and 

perform
ance m

etrics for PR
EPA

 follow
ing PR

EC
’s review

 and evaluation of 
the IR

P. 
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 Planning Environm
ent 

Policy 
A

nalysis Im
plication 

PR
O

M
ESA  

The 
Puerto 

R
ico 

O
versight, 

M
anagem

ent, 
ad 

Econom
ic 

Stability 
A

ct 
(PR

O
M

ESA
), signed into law

 by President O
bam

a on June 30, 2016, is a unique 
federal legislative enactm

ent that includes a num
ber of different provisions that 

apply to Puerto R
ico in respect to its ow

n financial situation.  

PR
O

M
ESA

-Title III 

A
s of M

ay 3, 2017, Puerto R
ico filed for bankruptcy under Title III of 

PR
O

M
ESA

. 
PR

EPA
 

is 
a 

debtor 
under 

Title 
III 

of 
PR

O
M

ESA
. 

The 
C

om
m

onw
ealth and agencies are w

orking to address the $70 billion debt. PR
EPA

 
is w

orking w
ith the Puerto R

ican G
overnm

ent and the G
overnm

ent’s statutory 
fiscal agent for PR

EPA
 (the Fiscal A

gency and Financial A
dvisory A

uthority, or 
the A

A
FA

F) to reach restructuring and electric sector transform
ation.  

PR
O

M
ESA

-Title V
  

Title V
 defines a C

ritical Project Process w
hich prom

otes expedited perm
itting to 

advance m
ajor projects as those that could be identified in the IR

P to develop 
local generation and/or hardened transm

ission or distribution facilities to provide 
resiliency.  
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 Planning Environm
ent 

Policy 
A

nalysis Im
plication 

Fiscal Plan 

PR
O

M
ESA

 required the developm
ent of a fiscal plan and budget for Puerto R

ico 
that w

ill supersede previous fiscal plans.  PR
EPA

 subm
itted its draft fiscal plan on 

February 21, 2017 and the latest plan w
as published, follow

ing updates after the 
post-hurricane restoration in A

pril 2018. PR
EPA’s fiscal plan aligns w

ith the 
G
overnm

ent’s fiscal plan and addresses areas specific to PR
EPA

. The plan focuses 
on the need for privatization of assets, efficiency in expenditures and the need for 
being an econom

ic grow
th engine for the C

om
m

onw
ealth.  

PR
EPA Board Vision Statem

ent  

The PR
EPA

 G
overning B

oard on February 1, 2018 released its V
ision Statem

ent to 
guide the future of the utility. This vision addressed the reliability and resilience of 
the 

system
, 

the 
transition 

to 
a 

sustainable 
system

 
– 

both 
financially 

and 
environm

entally sustainable – and its im
portance in acting as an econom

ic grow
th 

engine for the C
om

m
onw

ealth.  

Privatization 

The G
overnor of Puerto R

ico has publically stated that the reconstruction and 
transform

ation of the electricity sector intends to involve the privatization of 
PR

EPA’s generating facilities. This w
ould include the generating assets and be 

com
plem

ented by the operation of the transm
ission and distribution system

 by a 
third party. The Law

 to Transform
 the Electric System

 of Puerto R
ico w

as passed on 
June 12, 2018. 
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aveats and Lim
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R
E
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C
aveats and lim

itations 
(Prelim

inary) 

�
The IR

P is conducted w
ith extensive inputs from

 a broad group of 
stakeholders including the public, the custom

ers, under an 
accelerated tim

eline, in parallel w
ith m

any other activities, but m
ay 

not consider or fully consider externalities that are critical for 
im

plem
entation or execution. 

�
The IR

P evaluates the highest public good and the protection of the 
interests of the residents of P

uerto R
ico, w

hich m
ay not necessarily 

be identical to the interests of P
R

E
PA if view

ed from
 a narrow

 utility 
perspective. 

�
The IR

P does not directly address specific asset technology asset 
optim

ization, fuel optim
ization, procurem

ent, contract re-negotiation, 
collective bargaining rights, site specifics, or ow

nership. 
�

The IR
P does not set rate structures. 
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C
aveats and lim

itations 

�
The IR

P does not directly address the debt restructuring process. 
�

The im
plem

entation of the P
uerto R

ico Electric S
ystem

 
Transform

ation A
ct is a separate process outside the accelerated 

tim
eline of developing the IR

P. 
�

FO
M

B
’s “critical project” process under S

ection 503 of P
R

O
M

E
SA is 

a separate process outside the accelerated tim
eline of the IR

P 
developm

ent.  
�

The IR
P is a planning tool to be used as a guide for the developm

ent 
of future resources in Puerto R

ico and m
ay not have all the details 

necessary for the actual R
FP issuance (if necessary), contracting, 

and im
plem

entation. 
�

The IR
P is not a D

istribution M
aster P

lan that w
ould require a level of 

effort sim
ilar to the developm

ent of the IR
P. Thus distribution 

investm
ents are considered at a representative level.  
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R
esource Plan D

evelopm
ent  

Strategies, Scenarios, Sensitivities 
P

R
E

PA
 IR

P 
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Potential Strategies Shared w
ith 

Stakeholders 

Strategy 1 

Strategy 2 

A traditional, centralized energy 
program

; R
eliable & Econom

ic 

A distributed system
 of flexible 

generation, and m
icro or m

ini-
grids and hardening of existing 
infrastructure around the island; 
R

esilient / C
loser to C

ustom
er 

Strategy 3 
A m

ixture of the first tw
o 

strategies that em
bodies a 

com
bination of the benefits of 

each strategy 
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U
ncertainties:  

Proposed Scenario, R
isk A

nalysis, and 
Sensitivity 

Scenario 
R

isk A
nalysis 

Sensitivity 
S

cenario 1: no new
 gas-fired 

generation 

S
cenario 2: gas to north via 

land-based LN
G

 at S
an Juan 

can achieve perm
itting 

approval 

S
cenario 3: gas to the east 

(Yabucoa) and w
est 

(M
ayaguez) via floating LN

G
 

can achieve perm
itting 

S
cenario 4: gas to the east 

(Yabucoa) and w
est 

(M
ayaguez) via floating LN

G
, 

and gas to the north through 
land-based LN

G
 at S

an Juan 

S
tochastic analysis in A

urora 
M

odel w
ill capture ranges 

and variability of the revenue 
requirem

ent given 
uncertainties in load, D

E
R

 
penetration, fuel prices, and 
capital costs. 

M
onte C

arlo sim
ulations in 

P
R

O
M

O
D

 w
ill capture loss of 

load hours (LO
LH

) and 
E

nergy N
ot S

erved (E
N

S
) 

considering the expected 
perform

ance of the 
forecasted generating fleet.  

Sensitivity 1: increased R
PS 

w
ith low

 cost of solar and 
storage (m

ay focus on 
econom

ic builds only) 

Sensitivity 2: econom
ic 

term
ination of PPO

As (AES 
and EcoEléctrica m

odeled 
subject to econom

ic 
retirem

ent) 

Sensitivity 3: gas to the north: 
Floating LN

G
 at San Juan 

Additional im
portant 

sensitivities as requested by 
the stakeholders  
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U
ncertainty Factors, Scenario, Sensitivity 

and R
isk A

nalysis - Part 1 
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U
ncertainty Factors, Scenario, Sensitivity 

and R
isk A

nalysis - Part 2 
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U
ncertainty Factors, Scenario, Sensitivity 

and R
isk A

nalysis - Part 3 
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 Portfolio C
ases: C

om
bination of Strategies 

and Scenarios 

8 Portfolio C
ases 

Strategy 2 
D

istributed system
 of flexible generation, and 

m
inigrids (electrical islands) com

plem
ented 

by m
icrogrids and hardening of existing 

transm
ission  infrastructure 

Strategy 3 
H

ybrid of traditional and 
centralized energy program

 
and D

istributed system
 of 

flexible generation 

Scenario 1 
No new gas-fired generation 

Portfolio C
ase 1 

Strategy 2+ Scenario 1 
Portfolio C

ase 5 
Strategy 3+ Scenario 1 

Scenario 2 
G

as to north: Land-based LNG
 at San Juan 

can achieve perm
itting approval 

Portfolio C
ase 2 

 Strategy 2+ Scenario 2 
Portfolio C

ase 6 
Strategy 3+ Scenario 2 

Scenario 3 
G

as to Yabucoa (east) and gas to M
ayaguez 

(w
est) via floating LNG

 can achieve 
perm

itting approval 

Portfolio C
ase 3 

Strategy 2+ Scenario 3 
Portfolio C

ase 7 
Strategy 3+ Scenario 3 

Scenario 4 
G

as to Yabucoa (east) and gas to M
ayaguez 

(w
est) through floating LN

G
, and gas to the 

north through land-based LNG
 at San Juan 

can achieve perm
itting approval 

Portfolio C
ase 4 

Strategy 2+ Scenario 4 
Portfolio C

ase 8 
Strategy 3+ Scenario 4 
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R
isk A

nalysis 
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�
The overall proposed m

ethod is the “planning under uncertainty” 
fram

ew
ork and m

ethodology, w
hich has been proven to be rem

arkably 
effective for the developm

ent of least-cost, integrated resource plans. 

�
Produces a strategy and an associated resource plan that has the 
highest likelihood of m

eeting all of P
R

E
PA

’s stated objectives. 

�
K

ey to the successful application is the correct definition of objectives, 
strategies, options, constraints, and scenarios. 

�
These lead to the postulation of scenarios and stochastics w

hich are 
derived from

 the possible options (actions or decisions that can be 
taken) com

bined in plans and the specific m
aterializations of 

uncertainties over a w
ide range of possibilities. 

R
isk Integrated IR

P M
ethodology O

verview
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R
isk Integrated Planning Process 
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Technical M
odels in 2018 IR

P: 
A

ssum
ptions D

evelopm
ent 

M
odels 

Functions 
G

PC
M

®
 

(by RBAC) 
N

orth A
m

erican natural gas m
arket m

odeling 

Econom
ic M

odel 
(by PREPA) 

D
istributed generation forecast 

M
ATLA

B 
Forecast M

odel  
(by Siem

ens) 
Proprietary load forecasting m

odel  

G
T Pro 

(by Therm
oflow

) 
A

ssess therm
al generation perform

ance on site 
conditions 
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Technical M
odels in 2018 IR

P: 
Pow

er System
 M

odels 

M
odels 

Functions 

A
urora 

(by Energy 
Exem

plar)  

�
Long term

 capacity expansion (LTC
E) 

�
Stochastic analysis of portfolio cases to 
assess risks and variabilities 

PR
O

M
O

D
 

(by ABB)  

�
Security constrained unit com

m
itm

ent / 
security constraint econom

ic dispatch 
�

LO
LH

 and EN
S 

PSS®
E 

(by Siem
ens) 

�
Pow

er flow
 and system

 stability analysis 
for transm

ission system
 analysis 
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A
U

R
O

R
A

 
PR

O
M

O
D

 
PSS®

E 

A
U

R
O

R
A

 

Long term
 

capacity 
expansion (LTC

E) 
produces a least 
cost resource 
expansion plan 
given resource 
options (supply- 
and dem

and-side) 
and constraints 
(reserve m

argin, 
R

PS, carbon, 
ancillary service)  

Security 
constrained unit 
com

m
itm

ent / 
econom

ic 
dispatch; 
M

onte C
arlo 

sim
ulations 

capture loss of 
load hours (LO

LH
) 

and Energy N
ot 

Served (EN
S) 

Pow
er flow

 and 
contingency 
analysis 

C
apture uncertainties 

in load, D
ER

 
penetration, fuel prices, 
and capital costs 

A
ssess R

esource N
eeds: Integrated 

G
eneration &

 Transm
ission M

odeling  

LTCE 

Stochastic 
Analysis 
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Iterative Process to D
efine Planning 

R
eserve M

argin (PR
M

) and LTC
E 

�
The P

R
M

 is determ
ined to achieve a resource adequacy criteria. In the U

S
 this criteria is 

typically a LO
LE

 of 1 in 10 years that can be practically achieved given the size of the 
interconnected system

.  
�

In P
uerto R

ico the largest units represent  an im
portant percentage of the peak(15%

 or 
m

ore) and to try to apply the sam
e reliability criteria w

ould result in unpractically large 
reserve m

argins.  
 

�
P

R
E

PA has used a criteria of 
m

axim
um

 4 lost load hours per 
year of (LO

LH
) and that w

e w
ill 

be com
plem

ented by E
nergy 

N
ot S

erved (E
N

S
) in the IR

P. 
�

This criteria w
ill be used to find 

the P
R

M
 using the procedure 

to the right. 
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R
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The analysis of the Transm
ission System

 has the follow
ing objectives & 

procedures: 

�
A

ssess the perform
ance and identify reinforcem

ents under the new
 

generation m
ixes and interconnected operation. 

•
The LTC

E
 is m

ade considering transfer lim
its betw

een zones so that m
ajor 

violations are avoided. O
ther restrictions on m

inim
um

 generation required by 
zone can also be controlled this w

ay. 

 

Transm
ission &

 D
istribution O

bjectives &
 

Procedures 
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Transm
ission System

 study objectives & process(cont.): 

�
P

erform
ance of the transm

ission system
 under the new

 generation 
m

ixes (cont.). 

•
A

ssess therm
al and voltage violations including voltage stability and 

determ
ine reinforcem

ents needs under N
-1, N

-1-1, N
-2 conditions. 

•
R

educed reinforcem
ents expected due to the m

ore distributed nature of 
the generation assets 

•
A

ssess system
 stability (frequency, angular, voltage) perform

ance including 
effect of rapid loss of renew

able generation. 
•

C
hallenges expected for high penetration scenarios. Storage expected to 

have a significant role in frequency regulation (prim
ary and secondary-net 

load follow
ing) 

•
N

E
R

C
 TP

L-001-4 standard follow
ed 

  

 

Transm
ission &

 D
istribution O

bjectives &
 

Procedures 
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Transm
ission System

 study objectives & process (cont.): 

�
P

erform
ance of the transm

ission system
 follow

ing a m
ajor event, such 

as hurricane class 4. 

•
D

eterm
ine w

hich m
ajor transm

ission lines are likely to be out of service for a 
extended period of tim

e after the event. 

•
D

eterm
ine areas in w

hich the system
 naturally split and identify m

inim
um

 
transm

ission hardening to m
anage size of the resulting electrical islands 

 
 

 

Transm
ission &

 D
istribution O

bjectives &
 

Procedures 
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•
For each potential electrical island 
(m

inigrid) assess location of: 

•
C

ritical loads (hospitals, ports, first 
responders, shelters, com

m
unication) 

•
Priority loads (com

m
ercial, industrial, 

large residential, w
ater pum

ps, etc.). 

•
D

eterm
ine reliable generation injection 

points w
ithin the m

inigrid. 

•
Identify transm

ission (115 kV
) and 

subtransm
ission (38kV

) facilities the 
need to be hardened to connect 
generation w

ith loads 
 

 

 

Transm
ission System

 study objectives & process (cont.): 

�
P

erform
ance of the transm

ission system
 follow

ing a m
ajor event (cont.) 

Transm
ission &

 D
istribution O

bjectives &
 

Procedures 
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•
Identify those areas that w

ithout 
m

ajor efforts in transm
ission 

hardening w
ould be isolated and are 

candidates for m
icrogrids. 

•
A

ssess load generation balance 
including custom

er ow
ned generation 

and determ
ine generation needs to 

be factored on the LTC
E

  

•
100%

 of critical loads need to be 
locally covered from

 therm
al resources 

•
N

ot 100%
 of all loads m

ay be locally 
covered (Strategy 3)  

 
 

 

Transm
ission System

 study objectives & process (cont.): 

�
P

erform
ance of the transm

ission system
 follow

ing a m
ajor event (cont.) 

Transm
ission &

 D
istribution O

bjectives &
 

Procedures 
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•
W

ith the results of the capacity expansion plan evaluate perform
ance of the 

m
inigrid under steady state contingency analysis and dynam

ic stability. 

Transm
ission System

 study objectives & process (cont.): 

�
P

erform
ance of the transm

ission system
 follow

ing a m
ajor event (cont.) 

Transm
ission &

 D
istribution O

bjectives &
 

Procedures 

•
D

ay peak and night peak 
conditions to be assessed. 

•
Lim

ited load shedding as a 
rem

edial action accepted. 
•

C
ondition after full m

inigrid 
consolidation to be 
considered. 

•
M

inigrid interconnection 
condition to be assessed; e.g. 
C

aguas – C
arolina, C

arolina-  
San Juan, M

ayaguez N
orth-

South. 
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•
These studies seek to identify investm

ents at distribution level required for 
hardening and reliability im

provem
ent w

ith focus on critical loads and priority 
loads initially. 

•
Include undergrounding,  creation of tie points for load transferring,  13.2 kV 
conversion and sm

art grid initiatives as for exam
ple FLISR

 and VoltVar controls. 

•
C

oordination  w
ith the investm

ents at generation, transm
ission and 

subtransm
ission level is being done to ensure reliable supply to the distribution 

level investm
ents and target loads. 

•
These distribution level studies are detailed covering a large num

ber of feeders 
and are expected to extend w

ell beyond the term
ination of the IR

P
 studies. 

•
S

am
ple investm

ents and coordination is expected to be included in the plan 

D
istribution study objectives & process 

�
P

erform
ance of the distribution system

 follow
ing a m

ajor event. 

Transm
ission &

 D
istribution O

bjectives &
 

Procedures 
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•
These studies seek to identify investm

ents at distribution level to m
anage the 

large am
ounts of distributed generation (m

ostly P
V

) forecasted. 

•
Include voltage regulation, protection coordination review,  13.2 kV conversion, sm

art 
grid initiatives (VoltVar controls), sm

art inverters and distributed controls. 

•
A

s before, these studies are substantial covering a large num
ber of feeders and 

are expected to extend w
ell beyond the com

pletion of the IR
P

 studies. 

•
S

am
ple is expected to be included in the IR

P
 plan. The forecasted levels of D

G
 

are considered to be im
plem

entable 

D
istribution study objectives & process 

�
D

E
R

 hosting capability assessm
ent. 

Transm
ission &

 D
istribution O

bjectives &
 

Procedures 
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•
S

teady S
tate m

odels for the existing system
 w

ith post M
aria repairs in service, 

are com
pleted and steady state analysis for 2019 conditions in progress 

(pending final load forecast) 

•
S

tability m
odel (V

33) in progress; conversion of m
odel for existing renew

able. 

•
M

inigrid definition advanced. C
urrently w

orking w
ith the regions to define critical 

and priority loads as w
ell as transm

ission / subtransm
ission hardening needs. 

•
P

relim
inary load – generation balance (day and night peak) expected to be 

com
pleted shortly after load forecast is finished. 

•
R

egions assessing priority distribution projects and docum
enting exam

ple 
cases to be incorporated in the IR

P
 docum

entation 

Transm
ission &

 D
istribution Status 
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•
C

urrently there are 8 m
inigrids identified by analysis of the transm

ission and 
subtransm

ission system
 together w

ith P
R

E
PA

 planning and engineering. 

Transm
ission &

 D
istribution Status 
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Existing R
esources 

P
R

E
PA

 IR
P 
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PR
EPA

 Existing U
nits Included in the IR

P 
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PR
EPA

 O
w

ned Steam
 Turbines 

 

A
ll the steam

 
units are subject 
to M

ercury and 
A

ir Toxics 
S

tandards 
(M

A
TS

) 
com

pliance 
requirem

ents.   
  

Unit 1
Unit 2

Unit 5
Unit 6

Fuel
Type

No. 6 fuel oil
No. 6 fuel oil

Natural G
as

Natural G
as

M
axim

um
 C

apacity
M

W
450

450
410

410
M

inim
um

 C
apacity

M
W

200
200

180
180

Fixed O
&M

 Expense
2018 $/kW

-year
32.04

32.04
35.96

35.96
Variable O

&M
 Expense

2018 $/M
W

h
2.25

2.25
2.72

2.72
Heat Rate at M

axim
um

 C
apacity

M
M

Btu/M
W

h
9.60

9.70
9.75

9.75
Heat Rate at M

inim
um

 C
apacity

M
M

Btu/M
W

h
9.94

10.16
9.93

10.07
Forced O

utage
%

10
10

2
4

M
inim

um
 D

owntim
e

Hours
48

48
48

48
M

inim
um

 Runtim
e

Hours
720

720
720

720
Ram

p Up Rate
M

W
/m

inute
5

5
5

5
Ram

p D
own Rate

M
W

/m
inute

5
5

5
5

Unit 3
Unit 4

Unit 7
Unit 8

Fuel
Type

No. 6 fuel oil
No. 6 fuel oil

No. 6 fuel oil
No. 6 fuel oil

M
axim

um
 C

apacity
M

W
216

216
100

100
M

inim
um

 C
apacity

M
W

130
130

70
70

Fixed O
&M

 Expense
2018 $/kW

-year
46.47

46.47
49.02

49.02
Variable O

&M
 Expense

2018 $/M
W

h
4.95

4.95
2.93

2.93
Heat Rate at M

axim
um

 C
apacity

M
M

Btu/M
W

h
9.73

9.73
10.50

10.45
Heat Rate at M

inim
um

 C
apacity

M
M

Btu/M
W

h
10.35

10.35
10.50

10.50
Forced O

utage
%

9
9

5
5

M
inim

um
 D

owntim
e

Hours
48

48
48

48
M

inim
um

 Runtim
e

Hours
720

720
720

720
Ram

p Up Rate
M

W
/m

inute
3

3
3

3
Ram

p D
own Rate

M
W

/m
inute

3
3

3
3

Param
eters

Unit
Aguirre ST

Costa Sur ST

Param
eters

Unit
Palo Seco ST

San Juan ST
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PR
EPA

 O
w

ned C
om

bined C
ycles (C

C
)  

P
R

E
PA

’s four C
om

bined C
ycle (C

C
) units run on diesel. These units include 

A
guirre 1&2 C

C
 (260 M

W
 each) and S

an Juan 5&6 C
C

 (200 M
W

 each) w
ith a 

total capacity of 920 M
W

.  

Unit 1
Unit 2

Unit 5
Unit 6

Fuel
Type

Diesel
Diesel

Diesel
Diesel

Maxim
um

 Capacity
MW

260
260

200
200

Minim
um

 Capacity
MW

46
46

155
155

Fixed O&M Expense
2018 $/kW

-year
22.64

22.64
27.40

27.40
Variable O&M Expense

2018 $/MW
h

6.79
6.79

2.22
2.22

Heat Rate at Maxim
um

 Capacity
MMBtu/MW

h
11.14

11.14
7.63

7.85
Heat Rate at Minim

um
 Capacity

MMBtu/MW
h

11.42
11.42

8.46
8.86

Forced Outage
%

20
20

18
18

Minim
um

 Downtim
e

Hours
0

0
48

48
Minim

um
 Runtim

e
Hours

2
2

120
120

Ram
p Up Rate

MW
/m

inute
5

5
3

3
Ram

p Down Rate
MW

/m
inute

5
5

3
3

Aguirre CC
Parameters

Unit
San Juan CC
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PR
EPA

 O
w

ned G
as Turbines (G

T) 
 

24 G
Ts w

ith a 
total capacity 
of 743 M

W
 are 

included in the 
IR

P
: 

C
am

balache 
G

T 2&
3 (83 

M
W

 each), 
M

ayagüez 1-4 
(50 M

W
 each), 

and nine pairs 
of distributed 
G

Ts (21 M
W

 
each). 

G
T Units

Unit 2
Unit 3

Each Unit
Fuel

Type
D

iesel
D

iesel
D

iesel
M

axim
um

 C
apacity

M
W

83
83

21
M

inim
um

 C
apacity

M
W

50
50

21
Fixed O

&M
 Expense

2018 $/kW
-year

24.44
24.44

26.54
Variable O

&M
 Expense

2018 $/M
W

h
5.52

5.52
20.19

Heat R
ate at M

axim
um

 C
apacity

M
M

Btu/M
W

h
11.55

11.55
14.40

Heat R
ate at M

inim
um

 C
apacity

M
M

Btu/M
W

h
11.55

11.55
14.40

Forced O
utage

%
10.0

10.0
15

M
inim

um
 D

ow
ntim

e
Hours

7
7

0
M

inim
um

 R
untim

e
Hours

7
7

0
R

am
p Up R

ate
M

W
/m

inute
2

2
2

R
am

p D
ow

n R
ate

M
W

/m
inute

2
2

2

Unit 1
Unit 2

Unit 3
Unit 4

Fuel
Type

D
iesel

D
iesel

D
iesel

D
iesel

M
axim

um
 C

apacity
M

W
50

50
50

50
M

inim
um

 C
apacity

M
W

25
25

25
25

Fixed O
&M

 Expense
2018 $/kW

-year
10.64

10.64
10.64

10.64
Variable O

&M
 Expense

2018 $/M
W

h
6.40

6.40
6.40

6.40
Heat R

ate at M
axim

um
 C

apacity
M

M
Btu/M

W
h

9.32
9.32

9.32
9.32

Heat R
ate at M

inim
um

 C
apacity

M
M

Btu/M
W

h
11.20

11.20
11.20

11.20
Forced O

utage
%

9
9

9
9

M
inim

um
 D

ow
ntim

e
Hours

0
0

0
0

M
inim

um
 R

untim
e

Hours
0

0
0

0
R

am
p Up R

ate
M

W
/m

inute
6

6
6

6
R

am
p D

ow
n R

ate
M

W
/m

inute
6

6
6

6

Param
eters

Unit
Cam

balache CT

Param
eters

Unit
M

ayagüez CT
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PPO
A

: A
ES and EcoElectrica 

 

EcoEléctrica CC
Unit 1

Unit 1
Unit 2

Fuel
Type

Natural Gas
Coal

Coal
M

aximum Capacity
M

W
507

227
227

M
inimum Capacity

M
W

275
166

166
Fixed O&M

 Expense
2018 $/kW

-year
189.34

79.46
79.46

Variable O&M
 Expense

2018 $/M
W

h
0.00

7.23
7.23

Heat Rate at M
aximum Capacity

M
M

Btu/M
W

h
7.50

9.79
9.79

Heat Rate at M
inimum Capacity

M
M

Btu/M
W

h
8.31

9.93
9.93

Forced Outage
%

2
3

3
M

inimum Downtime
Hours

8
48

48
M

inimum Runtime
Hours

168
720

720
Ramp Up Rate

M
W

/minute
10

0
0

Ramp Down Rate
M

W
/minute

10
0

0

Parameters
Unit

AES Coal Plant

P
R

E
PA purchases pow

er from
 tw

o co-generators under the term
s and conditions 

of P
P

O
A

s, including 507 M
W

 gas-fired com
bined cycle plant from

 E
coE

léctrica, 
L.P. and 454 M

W
 coal-fired steam

 electric cogeneration station from
 A

E
S

.   
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58 R
enew

able PPO
A

s in D
ifferent Stages 

PPO
A Status 

N
um

ber of Projects 
C

apacity (M
W

) 
O

peration 
8 

220.5 
Pre-O

peration 
3 

 52.4 
R

enegotiated 
15 

412.3 
N

ot-renegotiated 
32 

795.4 
Total 

58 
1,480.6 

�
11 P

P
O

A
s in either com

m
ercial operation or pre-operation (energized, under 

testing, and selling energy and renew
able energy credits to P

R
E

PA
). These 

projects represent 272.9 M
W

 of capacity, including 147 M
W

 of solar P
V, 121 

M
W

 of w
ind, and 4.8 M

W
 of landfill gas.  

�
15 renegotiated P

P
O

A
s w

ith a total capacity of 412 M
W

 have not begun 
construction.  

�
32 not-renegotiated P

P
O

A
s w

ith a total capacity of 795 M
W

 pending 
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PPO
A

 Pricing A
ssum

ptions 

O
peration &

 Pre-operation 
R

enegotiated &
 N

ot-renegotiated 

�
For the projects in operation or 
pre-operation P

R
E

PA w
ill assum

e 
the follow

ing price conditions, 
w

here the C
ontract P

rice is 
inclusive of R

EC
s and does not 

have escalation clauses. 

Project 
A

ssum
ed Price  $/M

W
h 

PV
 

150 
W

ind 
125 

Land fill gas 
10 

�
A

ny project that is not in 
operation or pre-operation w

ill be 
m

odeled in the IR
P as potential 

new
 supply options (volum

es and 
sites) w

ith com
m

ercial conditions 
according to the forecast for new

 
solar prices. 

�
D

ue to the com
pressed tim

eline, 
IR

P w
ill consider solar projects 

as representative renew
able 

projects.  
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N
ew

 R
esource O

ptions 

P
R

E
PA

 IR
P 
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N
ew

 Fossil-fueled G
eneration 

R
esources C

andidates 
 

R
epresentative N

ew
 R

esource C
andidates 

C
apacity 
(M

W
) 

C
apital C

osts 
(2018$/K

W
) 

N
atural G

as 

C
apital C

osts 
(2018$/K

W
) 

D
iesel 

F C
lass C

C
 (G

E S107F.04) (D
uct Fired)  

302 
994.13 

1,016.63  

F C
lass C

C
 (G

E S107F.05) (D
uct Fired)  

369 
926.74 

948.09  

M
edium

 C
C

 (H
itachi H

-100) (D
uct Fired) 

144 
1250.22 

1,275.32  

Sm
all C

C
 (G

E LM
6000 D

LE) (D
uct Fired) 

66 
1658.20 

1,729.43  

Sm
all C

C
 (G

E LM
2500+ G

4 SA
C

) (D
uct Fired) 

47.7 
1797.59 

1,811.74  

Sm
all C

C
 (G

E LM
2500 SA

C
) (D

uct Fired) 
35 

2010.28 
2,052.18  

A
ero/Sm

all  SC
 Peaker (G

E LM
6000 D

LE) 
41 

1374.54 
1,443.92  

A
ero/Sm

all  SC
 Peaker (G

E LM
2500 SA

C
) 

22 
1649.56 

1,688.96  

Sm
all C

H
P (Solar Turbines M

ars 100) 
9 

2651.15 
2,639.46  

R
IC

E (W
artsila 18V

50D
F) 

16 
1389.4 

N
/A

 

�
U

ncertainties in capital costs w
ill be captured through stochastic analysis. 
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Prelim
inary N

ew
 R

enew
able R

esources 
C

apital C
ost A

ssum
ptions 

For renew
able 

projects, based 
on the capital 
cost 
assum

ptions, 
P

uerto R
ico-

specific land and 
interconnection 
costs w

ill be 
added to derive 
specific P

P
A

 
price estim

ates 
using 30 M

W
 

solar P
V

 as a 
proxy. 

N
ote: the solar and w

ind costs above are subject to change based on the new
ly released 

“U
S D

O
E N

R
EL 2018 Annual Technology B

aseline”. 

�
U

ncertainties in capital costs w
ill be captured through stochastic 

analysis. 
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Load Forecast  

P
R

E
PA

 IR
P 
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Load Forecast M
ethodology 

�
The gross energy dem

and forecast for the R
esidential, C

om
m

ercial and Industrial 
C

lass w
as developed using a C

lassical Linear R
egression M

odel using the ordinary 
least squares m

ethod in M
A

TLA
B

 as part of S
iem

ens’s proprietary m
odel. 

 
�

The forecast w
as developed for each class independently using three underlying 

econom
ic variables: G

N
P

, population and m
anufacturing em

ploym
ent.  The im

pact 
of w

eather, in particular cooling needs is represented by cooling degree days 
(C

D
D

).  
 

R
esidential 

•C
D

D
 

•G
N

P
 

•P
opulation 

•12 m
onth 

variables 

C
om

m
ercial 

•C
D

D
 

•P
opulation 

•12 m
onth 

variables 

Industrial 

•C
D

D
 

•G
N

P
 

•M
anufacturing 

E
m

ploym
ent 

•12 m
onth 

variables 

Independent Variables for Each C
ustom

er C
lass 
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K
ey Econom

ic D
rivers 

�
G

N
P is estim

ated to decline 13%
 for fiscal year (FY) 2018, reflecting the im

pact of hurricanes 
M

aria and Irm
a on the econom

y.  For FY 2019, G
N

P is projected to grow
 at 6.1%

.   

�
In the m

edium
-term

 G
N

P is projected to increase at 1.6%
 per-year in 2019-2027.  After 2027, 

G
N

P grow
th is projected to soften to -0.3%

 per-year. 

�
Population is estim

ated to decline by 5.8%
 in FY2018 due to hurricanes fatalities and net 

m
igration. O

ver the study period, population in Puerto R
ico is projected to decline at 1.3%

 per-
year in 2019-2038. 

Population Forecast 
G

N
P Forecast 

4,800

5,000

5,200

5,400

5,600

5,800

6,000

6,200

2017
2020

2023
2026

2029
2032

2035
2038

GDP (Real US$Millions) 

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

2017
2020

2023
2026

2029
2032

2035
2038

Millions of People 

* S
ource: FO

M
B

 
* S

ource: FO
M

B
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G
ross Energy Sales Forecast by C

ustom
er 

C
lass 

�
G

ross energy sales are 
projected to increase 15%

 
for fiscal year 2019 due to 
the projected recovery in 
the econom

y w
ith G

N
P 

projected to rise by 6.1%
. 

�
O

ver the study period, 
gross energy sales are 
projected to decline at 
0.23%

 per-year driven by 
the continuous decline in 
population through the 
study period and softening 
in the G

N
P grow

th after 
2027. 

  

0

2,000

4,000

6,000

8,000

10,000

12,000

14,000

16,000

18,0002018
2020

2022
2024

2026
2028

2030
2032

2034
2036

2038

GWh 

R
esidential

C
om

m
ercial

Industrial
O

thers

�
The industrial custom

er class is projected to have the strongest 
grow

th at 1.4%
 per-year over the study period driven by grow

th 
in the econom

y through 2026. In contrast, the residential and 
com

m
ercial classes are projected to decline at 0.6%

 and 0.3%
 

per-year, m
ostly driven by population declines. 

G
ross Energy Sales by C

ustom
er C

lass 
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System
 Peak D

em
and and N

et Energy for Load 

�
Peak dem

and is projected to 
decline at 0.24%

 per-year 
over the study period, 
follow

ing the trend in energy 
dem

and. 

�
The load factor is projected to 
increase m

odestly throughout 
the study period driven by 
increased penetration from

 
the com

m
ercial sector in total 

load. C
om

m
ercial load peaks 

during the day, w
hile the 

residential peaks at night, the 
last driving the system

 peak. 
A relative increase in the 
com

m
ercial load results in a 

reduction in the night peak 
relative to the overall energy 
in the system

.  

N
ote: above forecast includes loses, PR

EPA’s ow
n use, auxiliary dem

and, as w
ell as 

any existing energy efficiency program
s as reflected in sales.  

Energy and Peak D
em

and for G
eneration 

10,000

11,000

12,000

13,000

14,000

15,000

16,000

17,000

18,000

19,000

20,000

1,500

1,700

1,900

2,100

2,300

2,500

2,700

2,900

2019
2020
2021
2022
2023
2024
2025
2026
2027
2028
2029
2030
2031
2032
2033
2034
2035
2036
2037
2038

Total Energy (GWh) 

Peak Demand (MW) 

P
eak D

em
and for G

eneration (M
W

)
N

et Energy for Load (G
W

h)
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Illustrative Stochastics Load Forecast – 
Incorporating U

ncertainty 

To generate scenarios for load grow
th, 

S
iem

ens developed statistical 
distributions around the determ

inistic 
load forecasts to incorporate future 
uncertainties not captured by the 
historical data.  

The process involves tw
o steps:  

�
S

tep 1: encom
passes developing 

param
etric distributions around the 

key fundam
ental variables.  

�
S

tep 2: Q
uantum

 distributions, w
hich 

incorporate future uncertainties not 
captured by the historical data, such 
as high grow

th in electric vehicles or 
higher than anticipated energy 
efficiency program

s.  

Illustrative Peak D
em

and Stochastic Distribution  

* S
tochastic distributions show

n are based on a prelim
inary forecast. To be 

revised 
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Environm
ental Considerations 

Policy 
A

nalysis Im
plication 

U
pdated SO

2  N
ational 

A
m

bient A
ir Q

uality 
Standards (N

A
A

Q
S) 

D
esignations 

SO
2  em

issions w
ill be tracked in IR

P analysis to inform
 the State 

Im
plem

entation Plan (SIP) to address nonattainm
ent areas of San Juan 

and G
uayam

a Salinas. 

M
ercury and A

ir Toxics 
Standards (M

ATS) 

C
om

pliance for affected facilities w
ill be considered including fuel 

sw
itching to natural gas if possible, lim

ited use, and retirem
ent. Fuel 

blending w
as deem

ed through earlier analysis not to be an appropriate 
com

pliance approach for PR
EPA

 units and therefore w
ill not be m

odeled.  

C
arbon R

egulation 

N
o C

O
2 cap is assum

ed in the analysis noting that at this tim
e there is no 

existing or proposed policy capping or otherw
ise regulating C

O
2 

em
issions from

 pow
er generators in Puerto R

ico. C
arbon pricing m

ay be 
included as a sensitivity of the analysis to account for the im

plications of 
carbon regulation on future supply portfolios. The price of carbon 
proposed is based on a consensus of publicly available U

.S. carbon price 
forecasts w

hich starts around $10/ton C
O

2 in 2022 and increases to 
around $80/ton C

O
2 (nom

inal$).  
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Environm
ental Considerations 

Policy 
A

nalysis Im
plication 

Puerto R
ico R

enew
able 

Portfolio Standard (R
PS) 

C
urrent R

PS requirem
ent for 12 percent of load served by renew

able and 
alternative resources w

ill be set starting in 2020, and increase along w
ith 

the defined standard of  15 percent in 2027 and 20 percent in 2035. 
A

dditional sensitivities to be conducted w
ith higher R

PS targets. The 
costs to com

ply w
ill be based on the cost of new

 build renew
ables, R

EC
 

values are not an input. D
istributed solar generation is not assum

ed to 
count tow

ards R
PS targets but w

ill be tracked in the analysis.  

Section 316(b) of the C
lean 

W
ater A

ct 
A

ll operating facilities w
ith cooling w

ater intake and w
ater discharge 

m
aintain N

ational Pollutant D
ischarge Elim

ination System
 (N

PD
ES) 

perm
its 

Puerto R
ico W

ater Q
uality 

Standards R
egulation 
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N
ew

 Energy Efficiency and D
em

and 
R

esponse M
easures 

�
N

ew
 energy efficiency (E

E
) and dem

and response (D
R

) program
s w

ere 
m

odeled for the IR
P.   

�
To date, lim

ited program
s to prom

ote dem
and side energy savings w

ere 
offered in Puerto R

ico. 
�

To reasonably project E
E and D

R
 for the IR

P, first a list of potential 
m

easures w
as developed based on effective program

s im
plem

ented in 
sim

ilar clim
ates and island settings that w

ould yield m
easurable savings.   

�
Follow

ing screening of this initial list, this list and filtered dow
n the 

m
easures to a subset w

hich w
ere deem

ed m
ost appropriate for P

uerto 
R

ico. 
�

Total costs and energy savings for the filtered list of E
E and D

R
 m

easures 
w

ere built up based on reasonable assum
ptions on costs of program

 
im

plem
entation and utility incentives, eligible custom

er penetration, and 
resulting energy savings.  
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Energy Efficiency Program
s O

verview
 and 

K
ey A

ssum
ptions 

Program
s 

Program
 D

escription / R
ationale 

K
ey Assum

ptions 
TR

C* 

R
esidential 

A/C
 

Incentivizes higher efficiency A/C
 units in existing 

hom
es.  E

ligible equipm
ent types are central A/C

 
system

s and w
indow

 units. 
R

esidential consum
ption represents ~ 35%

 of total 
energy consum

ption, and space cooling is a m
ajor 

com
ponent of this consum

ption.  This m
easure 

provides rebates for the installation of higher 
efficiency A/C

 units: 16 SEER
 for central A/C

 and 
12 EER

 for w
indow

 A/C
 units.  

Participation rates, energy 
savings, and program

 costs 
are based on com

parable 
program

s w
ith adjustm

ents 
m

ade for Puerto R
ico based 

on available data. An 85/15 
breakdow

n is assum
ed for the 

use of w
indow

 units to central 
A/C

 units.   

3 - 4 

R
esidential 
Lighting 

This m
easure provides free LED

 bulbs to 
residential custom

ers w
ith 5 per custom

er and 
60W

 equivalent bulbs.  This m
easure offers 

participation to the nearly 1/3 of custom
ers w

ho 
rent their residence.  Lighting projects have also 
been used in Barbados and Jam

aica (P
ilot). 

 Participation rates are ~1%
 

annually, and assum
e that 

there are still significant 
num

bers of incandescent 
bulbs in use.   

4 - 5 
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Energy Efficiency Program
s O

verview
 and 

K
ey A

ssum
ptions 

Program
s 

Program
 D

escription / R
ationale 

K
ey Assum

ptions 
TR

C* 

C
om

m
ercial 

A/C
 

Incentivizes higher efficiency A/C
 system

s in 
existing com

m
ercial buildings. 

This m
easure provides an incentive for the 

installation of m
ore efficient (17 SEER

) 5-ton 
A/C

 system
s in com

m
ercial buildings.  A 

prescriptive 5-ton unit size w
as used to m

odel 
this m

easure.  C
om

parable program
s are 

offered by m
ainland U

.S. utilities in Florida and 
in m

any other states. 

This program
 m

odel assum
es 

typical com
m

ercial building 
A/C

 sizes in the absence of 
m

ore granular data.  Industry 
calculators w

ere used to 
estim

ate the resulting savings 
from

 the higher efficiency A/C
 

unit. 

1 - 2 

C
om

m
ercial 

Lighting 

This m
easure incentivizes high efficiency 

lighting to com
m

ercial custom
ers by providing 

them
 w

ith an incentive for efficient lighting 
retrofits w

hich is based on a $/kW
 reduction in 

lighting dem
and resulting from

 the retrofit.  This 
m

easure is open to different lighting 
technologies w

hich can provide im
proved 

perform
ance. This flexibility should m

ake the 
m

easure applicable to m
ore com

m
ercial 

custom
ers.  

The annual kW
h savings per 

participant assum
ption is 

based on a review
 of 

com
parable lighting program

s 
due to lim

ited Puerto R
ico 

specific data availability. 

3 - 4 
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D
em

and R
esponse Program

s O
verview

 
and K

ey A
ssum

ptions 

Program
s 

Program
 D

escription / R
ationale 

K
ey Assum

ptions 
TR

C* 

C
om

m
ercial 

D
em

and 
R

esponse  This m
easure provides for com

m
ercial load 

m
anagem

ent by enabling load control for 
com

m
ercial AC

 and lighting system
s. Som

e 
program

s have also included w
ater heating. 

This m
easure can be im

plem
ented either 

autom
atically w

here the pre-designated loads 
are reduced under low

-frequency conditions or 
m

anually by either utility or on-site operators 
w

hen peak conditions are anticipated. U
tility-

controlled load curtailm
ent is the m

ost reliable 
im

plem
entation m

ethod. In all cases, the 
participant is notified in advance that loads w

ill 
be shed. M

ost utility program
s also require that 

participants identify a m
inim

um
 of 50 KW

 for 
load curtailm

ent. Typically, events are 
guaranteed to last no m

ore than 1 hour. 

W
hile m

ost com
m

ercial D
R

 
program

s include som
e very large 

com
m

ercial and industrial 
custom

ers, for PR
EPA, it is 

assum
ed that participants w

ould 
m

ost likely be sm
all and m

edium
-

sized com
m

ercial establishm
ents 

– especially in initial program
 

years.  P
harm

aceuticals 
specifically noted that they w

ould 
not likely participate in D

R
 

program
s due to the need to 

m
aintain highly controlled 

environm
ents for their operations. 

Typical participants include 
hotels/m

otels, office buildings, 
non-food retail establishm

ents, 
and educational facilities. 

1 - 2 
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D
em

and R
esponse Program

s O
verview

 
and K

ey A
ssum

ptions 

Program
 

Program
 D

escription / R
ationale 

K
ey Assum

ptions 
TR

C* 

R
esidential 
D

em
and 

R
esponse 

This m
easure provides for residential load 

m
anagem

ent by enabling load control for 
residential central A/C

 system
s of participating 

custom
ers via an installed com

m
unicating 

therm
ostat.  C

om
parable program

s are offered 
by m

ainland U
.S. utilities in Florida and in 

other states as w
ell as in H

aw
aii.   

It is assum
ed that roughly 1/3 of 

PR
EPA residential custom

ers 
have central A/C

 and w
ould form

 
the base of potential participants.  4 - 5 

Total resource cost  (TR
C

)  is a m
easure of the avoided energy cost over the total program

 costs 
for each m

easure. These are estim
ated ranges, actual cost effectiveness m

ight vary.   
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eneration on the Island 
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D
elivered Fuel Forecasts for Each Plant –  

A
guirre D

elivered Fuel Prices 
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G
as Pipeline C

om
petition M

odel (G
PC

M
) 

Fundam
entals A

nalysis 

�
G

P
C

M
, developed and licensed by R

BAC
, Inc., is an established, industry-

standard natural gas fundam
entals m

odel that provides the ability to 
quantitatively analyze the com

plex interactions am
ong producers, pipelines, 

storage facilities, gas m
arketers, and consum

ers in the highly integrated 
N

orth Am
erican natural gas industry. The prim

ary output of G
P

C
M

 is natural 
gas price forecasts and natural gas trading hub basis differentials to the 
benchm

ark H
enry H

ub, but has a range of other outputs including pipeline 
usage, transportation zone pricing custom

er receipts, and storage 
balances. 

�
G

P
C

M
 dynam

ically solves for econom
ic rents, allow

ing cheaper supplies to 
be used before m

ore expensive supplies and enabling custom
ers w

illing to 
pay m

ore to be served before those w
illing to pay less. By including the 

entire system
 of N

orth Am
erican natural gas production, transm

ission, 
storage, consum

ption, and im
ports/exports, G

PC
M

 optim
izes natural gas 

flow
s in an econom

ically sensible order to produce an econom
ically 

efficient, m
arket-clearing solution. G

P
C

M
 contains m

ore than 250 existing 
and proposed pipelines, 440 storage areas, 85 production areas, 20 
liquefied natural gas (LN

G
) im

port/export term
inals, and 450 dem

and 
centers. 

�
Siem

ens’ fundam
entals assum

ptions: Supply figures are sourced from
 

D
rillingInfo’s ProdC

ast tool. D
em

and figures are developed from
 regression 

analysis (R
es/C

om
/Ind), project-by-project (LN

G
), or initially based on the 

AEO
 2018 outlook (Elc) but allow

ed to adjust w
ithin G

P
C

M
 due to the 

sector’s price elasticity. Pipelines assum
ptions are assessed project-by-

project as w
ell. 
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W
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G
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 C
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H
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Potential Fuel Infrastructure O
ptions 

Aguirre O
ffshore G

as Port 
EcoElectrica LN

G
 Im

port into Pipeline: 
EcoElectrica to Aguirre to San Juan 

O
nshore LN

G
 at San Juan 

O
ffshore Ship-B

ased    
LN

G
  at San Juan 

Propane at 
B

ayam
on 

Sm
all-scale LN

G
 or C

N
G

 

Floating LN
G

 at M
ayaguez 

Floating LN
G

 at 
Yabucoa 
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Fuel Infrastructure O
ptions A

ssessm
ent 

Fuel 
Infrastructure 

Scenario
 

Capital & O
&M

 
Costs 

(M
illion 2018$) 

Est. Vol. 
Required 
(M

M
cf/d) 

R
esiliency &

 
R

eliability
 

Environm
ental 

Im
pact 

Public 
Concerns

 

Fatal 
Flaw

 

Ship-based 
LNG

 at San 
Juan Port w

ith 
Pipeline to 
both plants

 

O
nshore 

R
egasificaction 

=$75 
- 

P
ipeline=$110 

- 
A

nnual O
&

M
=$45 

(+fuel) 

70 
M

M
cf/d

 

Increase reliability from
 

flexibility to burn gas or 
diesel (currently oil only). 

R
esiliency could be 

challenged by hurricane 
dam

age to the ship. 

C
arbon and other 

em
issions w

ould be 
reduced. Increased 
vessel traffic could 

im
pact coastal 

m
arine life. 

H
arborview

 w
ould 

be im
pacted by the 

parked ship. 
N

/A
 



Siem
ens Industry, Inc. 2018 

Page 73 
EM

/PTI/EBA 

Fuel Infrastructure O
ptions A

ssessm
ent 

cont. 

Fuel 
Infrastructure 

Scenario 

C
apital &

 O
&

M
 

C
osts 

(M
illion 2018$) 

Est. Vol. 
R

equired 
(M

M
cf/d) 

R
esiliency &

 
R

eliability 
Environm

ental 
Im

pact 
Public 

C
oncerns 

Fatal Flaw
 

Land-based LN
G

 
at San Juan Port 
w

ith Pipeline  to 
Palo Seco 

Land-based LN
G

 
Term

inal=$457 
- 

Pipeline=$68 
- 

Annual O
&M

=$45 

125 
M

M
cf/d 

Increase reliability from
 

flexibility to burn gas or 
diesel (currently oil only). 

R
esiliency could be 

challenged by hurricane 
dam

age to onshore LN
G

 
port. 

C
arbon and other 

em
issions w

ould be 
reduced w

ith LN
G

. 
Increased vessel 

traffic could im
pact 

coastal m
arine life. 

C
oncerns over 
significantly 

increased vessel 
traffic, disruptive 
pipeline to Palo 

Seco. 

N
/A 

Additional 
R

egasification 
C

apacity at 
EcoEléctrica and 

C
osta Sur to 

Aguirre to San 
Juan Pipeline 

C
osta Sur to Aguirre 

Pipe=$184 
- 

Aguirre to San Juan 
Pipe=$238 

- 
Annual O

&M
=$40 

  

(125+245)= 
 

370 
M

M
cf/d 

R
esiliency and reliability 

increased by transport via 
underground pipeline, 

providing flexibility to burn 
gas or diesel at converted 

generation plants. Additional 
regas capacity provided by 

private com
pany.  

C
arbon and other 

em
issions w

ould be 
reduced w

ith pipeline 
gas delivery and 

conversion to gas-
fired generation. 

Previous attem
pt to 

construct C
osta Sur 

to San Juan pipeline 
w

as cancelled due to 
public concerns. 

N
/A 

N
o New

 G
as 

Infrastructure 
N

/A 
N

/A
 

Existing generation plants 
lack flexibility in cleaner fuel 
choice. O

nsite fuel storage 
m

ore reliable than LN
G

 
deliveries susceptible to 

disruption. 

C
arbon and other 

em
issions w

ould 
rem

ain higher than 
perm

issible/desired 
under current 
regulations. 

Leaves space for 
increased 

renew
ables 

penetration and 
rem

oves risk of 
stranded fossil fuel 

assets. 

N
/A 
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Fuel Infrastructure O
ptions A

ssessm
ent 

Fuel 
Infrastructure 

Scenario
 

Capital & O
&M

 
Costs 

(M
illion 2018$) 

Est. Vol. 
Required 
(M

M
cf/d) 

R
esiliency &

 
Reliability

 

Environm
ental 

Im
pact 

Public 
Concerns

 

Fatal 
Flaw

 

Aguirre   
O

ffshore   
G

asPort 

G
asP

ort=$401 
- 

A
nnual O

&
M

=$81 
(+fuel) 

(1,462 M
W

) 
- 

(7,000 
Btu/kW

h) 
- 

245 
M

M
cf/d

 

Increase reliability from
 

flexibility to burn gas or 
diesel (currently oil only). 

R
esiliency could be 

challenged by hurricane 
dam

age to A
O

G
P or 

south-to-north pow
er 

transm
ission. 

C
arbon and other 

em
issions w

ould be 
reduced w

ith A
O

G
P 

and conversion at 
A

guirre to gas-fired 
generation. 

Infrastructure 
w

ould be located 
aw

ay from
 

population, but 
concerns over cost 
and stranded fossil 

fuel plant. 

N
/A

 

G
as to 

Yabucoa 
(east) and gas 
to M

ayaguez 
(w

est)  

P
ending A

nalysis and Inform
ation 
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D
istribution and Transm

ission Level D
G

 

�
The D

G
 in Puerto R

ico includes distribution level D
G

 and transm
ission 

level D
G

. B
oth categories are prim

arily rooftop solar.  

�
IR

P
 m

odels D
G

 as “lum
ped” generation resources, reflecting 

distribution D
G

 and transm
ission D

G
 separately by eight zone areas. 

�
M

ost of the D
G

 is located in the north of the island, largely in parallel 
w

ith the location of the load. B
elow

 table show
s existing D

G
 locations. 

�
U

nder current arrangem
ents, D

G
 is not eligible for the R

P
S

 
com

pliance. 
Share

MW
Region

North
71%

122.76
S. Juan, Bayamón, Carolina, Caguas & Arecibo

South
16%

28.09
Ponce

W
est

13%
21.90

Mayagüez
Total

100%
172.75
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D
istribution D

G
 Forecast A

pproach 

�
The 

distribution 
D

G
 

projections 
w

ere 
developed 

based 
on 

the 
E

nergy 
Inform

ation A
dm

inistration (E
IA

) A
nnual E

nergy O
utlook (A

E
O

) for R
esidential 

S
ector E

quipm
ent S

tock and E
fficiency, and D

istributed G
eneration-S

olar 
P

hotovoltaic C
apacity.  

�
To develop the forecast the Annual E

nergy O
utlook data w

as first separated in 
m

onthly values, using factors determ
ined w

ith the S
hort Term

 E
nergy O

utlook 
from

 E
IA for 2018 and 2019.  

�
P

R
E

PA’s historical D
G

 values w
ere then used to create a m

odel correlating 
P

R
E

PA’s distribution level D
G

 w
ith the m

onthly A
E

O
 for sm

all scale renew
able 

generation developed as described earlier as the exogenous variable. The 
m

odel show
ed fairly good correlation w

ith historical data and w
as used to 

create a forecast for distribution level D
G

 generation post June 2018 (130 M
W

) 
using the E

IA forecast for the exogenous variable grow
th. 

�
For the associated energy w

e used a uniform
 capacity factor of 20%

 for the 
projection period, w

hich m
ay be conservative as the efficiency of panels and 

equipm
ent increases. 
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D
istribution D

G
 Forecast 
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Transm
ission D

G
 Forecast A

pproach 

�
The transm

ission Level D
G

 and C
ogen (C

H
P

) based on the project status 
inform

ation provided by P
R

E
PA

, assum
ing one-year lag tim

e if the project 
status is “electric planes endorsed”, tw

o-year lag tim
e to operation if the plant 

is under “evaluation” stage or three-year lag tim
e if the project status is 

“incom
plete inform

ation”.  

�
P

rojections for transm
ission D

G
 and C

ogen, w
hich peak by 2021. In reality, it is 

expected that the transm
ission level D

G
 w

ill continue.  These larger scale 
projects are not em

bedded w
ith the distribution load but rather connected at 38 

kV
 and above, and play a role very sim

ilar to utility ow
ned or contracted 

generation. 
Therefore, 

their 
increased 

penetration, 
beyond 

the 
one 

are 
m

odeled as taking part in supplying the local generation needs identified by the 
IR

P.  

�
For transm

ission level D
G

 a capacity factor of 22%
 of considered in line w

ith 
the sm

aller utility scale generation.  
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Transm
ission D

G
 Forecast 
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C
apital C

onstraints 

�
P

R
EPA currently has no access to bond m

arket and bank financing.  

�
R

ecent bill authorized P
R

EPA to sell its generating assets to potential 
private buyers.  

�
B

ased on discussions w
ith stakeholders, IR

P w
ill consider future builds to 

be financed by third parties, assum
ing P

R
EPA obtain financial backing to 

contract as a credit-w
orthy counterparty if and as needed.  

�
The IR

P also w
ill take into account inform

ation on potential FE
M

A funding 
if such inform

ation is provided in a tim
ely m

anner and as applicable.  

�
IR

P does not have clear guidelines on capital constraints considerations. 
S

uch constraints could be incorporated as inform
ation becom

es available. 
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Illustrative W
eighted A

verage C
ost of 

C
apital for G

eneration 

C
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Asset B
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Incom
e T

ax R
ate

39.00%
D

ebt to E
quity R
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E
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eta
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R
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E
quity R

isk P
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C
om
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rem
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4.00%

C
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quity
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C
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ebt
C
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ebt, P

re-tax
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T
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ate
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C
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W
eighted A

verage C
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P

ercent D
ebt

47%
C
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12.91%
P

ercent E
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53%
W

A
C

C
8.25%

�
W

A
C

C
 for 

generation 
resources 
pending 
alignm

ent w
ith 

stakeholders. 
�

H
igher or 

low
er W

A
C

C
 

could be 
incorporated 
in additional 
sensitivity. 

S
ource: S

iem
ens 
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A
ction Plan C

overs Planned A
cquisitions 

in First 5 Years 

�
The IR

P is in the context of a transform
ation process and that process has 

both Puerto Rico and federal law
 processes and standards.  The IR

P needs 
to be an analysis and to som

e degree a plan but not directive and binding. 
�

A
s a part of the IR

P, the action plan during the first five years as a result of the 
P

referred R
esource P

lan w
ill address potential acquisition of the follow

ing 
resources, if applicable.  
�

D
em

and-side 

�
S

upply-side 

�
Transm

ission 

�
D

istribution 

�
Fuel infrastructure resources 

�
R

etirem
ents and/or retrofits of existing generating resources 

�
P

P
O

A
s 

�
O

ther resource com
m

itm
ents 
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A
ction Plan B

ased on Preferred R
esource 

Plan 

�
A

s a part of the IR
P, im

plem
entation actions during the first five years as 

a result of the P
referred R

esource P
lan w

ill be prepared to included the 
follow

ing elem
ents: 

�
Potential required studies  

�
P

otential procurem
ent processes - R

FP
s 

�
P

otential perm
itting and/or regulatory requirem

ents  
�

Potential constructions  
�

For any m
ajor expected resource acquisitions, retirem

ents, retrofits or 
pow

er purchase agreem
ents, the action plan shall provide inform

ation 
on the cost of the option chosen. 

�
The IR

P w
ill not address project-specific financing plans.  


