NEPR

Recei ved:
GOVERNMENT OF PUERTO RICO
PUBLIC SERVICE REGULATORY BOARD Jul 3, 2024
PUERTO RICO ENERGY BUREAU
9:21 PM

IN RE: REVIEW OF THE PUERTO RICO CASE NO.: NEPR-AP-2023-0004
ELECTRIC POWER AUTHORITY
INTEGRATED RESOURCE PLAN SUBJECT: Motion Submitting Responses to
the Fourth Set of IRP Prefiling Period
Requests of Information and Request for
Confidential Treatment

MOTION SUBMITTING RESPONSES TO THE
FOURTH SET OF IRP PREFILING PERIOD REQUESTS OF INFORMATION AND
REQUEST FOR CONFIDENTIAL TREATMENT
TO THE HONORABLE PUERTO RICO ENERGY BUREAU:
COME NOW LUMA Energy, LLC (“ManagementCo”), and LUMA Energy ServCo,
LLC (“ServCo”), (jointly referred to as “LUMA?”), and respectfully state and request the
following:
. Submission of Responses to Fourth RFI and Request for Confidential Treatment
1. On June 18, 2024, the Energy Bureau entered a Resolution and Order in which it
instructed LUMA to respond on or before July 5, 2024, to a Fourth Set of Requests of Information-
2024 IRP set forth in Attachment A to the Resolution and Order (“June 18" Order”). The Energy
Bureau determined that LUMA’s responses to the Third Set of Requests of Information required
clarification. Thus, it required LUMA to respond to the requests for information included in
Attachment A of the June 18" Order.
2. In compliance with the June 18" Order, LUMA hereby submits as Exhibit 1 its
responses to the Fourth Set of Requests of Information- 2024 IRP. LUMA provides these responses

supported by preliminary information. Data, estimates, and other information provided now may

change and be revised as LUMA develops the 2024 IRP.



3. Certain responses included in Exhibit 1 are protected from disclosure under Article
6.15 of Act 57-2014 and Act 80-2011, pursuant to the Bureau’s Policy on Management of
Confidential Information. See Energy Bureau’s Policy on Management of Confidential
Information, CEPR-MI-2016-0009, issued on August 31, 2016, as amended by Resolution dated
September 20, 2016. LUMA hereby requests that certain responses in Exhibit 1 be maintained
confidential. It is submitting a redacted version for public disclosure and an unredacted non-public
version under seal of confidentiality. LUMA submits its Memorandum of Law below, stating the
legal basis for which the unredacted version of certain responses in Exhibit 1 should be filed under
seal of confidentiality.
1. Memorandum of Law in Support of Request for Confidentiality

A. Applicable Laws and Regulations to submit information confidentially before
the Energy Bureau.

4. Section 6.15 of Act 57-2014 regulates the management of confidential information
filed before this Energy Bureau. It provides, in pertinent part, that: “[i]f any person who is required
to submit information to the Energy [Bureau] believes that the information to be submitted has any
confidentiality privilege, such person may request the Commission to treat such information as
such....” 22 LPRA § 1054n. If the Energy Bureau determines, after appropriate evaluation, that
the information should be protected, “it shall grant such protection in a manner that least affects
the public interest, transparency, and the rights of the parties involved in the administrative
procedure in which the allegedly confidential document is submitted.” Id., Section 6.15 (a).

5. In connection with the duties of electric power service companies, Sections 1.10 (i)
and (ix) of Act 17-2019 further provide that electric power service companies shall submit

information requested by customers, except for: (i) confidential information in accordance with



the Rules of Evidence of Puerto Rico; [...]; and (vii) trade secrets of third parties. 22 LPRA §
1141..

6. Access to the confidential information shall be provided “only to the lawyers and
external consultants involved in the administrative process after the execution of a confidentiality
agreement.” Id., Section 6.15(b), 22 LPRA 8§81054n. Finally, Act57-2014 provides that this Energy
Bureau “shall keep the documents submitted for its consideration out of public reach only in
exceptional cases. In these cases, the information shall be duly safeguarded and delivered
exclusively to the personnel of the [Energy Bureau] who needs to know such information under
nondisclosure agreements. However, the [Energy Bureau] shall direct that a non-confidential copy
be furnished for public review”. Id., Section 6.15(c).

7. The Energy Bureau’s Policy on Confidential Information details the procedures that
a party should follow to request that a document or portion thereof, be afforded confidential
treatment. In essence, the Energy Bureau’s Policy on Confidential Information requires
identification of the confidential information and the filing of a memorandum of law explaining
the legal basis and support for a request to file information confidentially. See CEPR-MI-2016-
0009, Section A, as amended by the Resolution of September 16, 2016, CEPR-MI-2016-0009. The
memorandum should also include a table that identifies the confidential information, a summary
of the legal basis for the confidential designation, and a summary of the reasons why each claim
or designation conforms to the applicable legal basis of confidentiality. Id. paragraph 3. The party
who seeks confidential treatment of information filed with the Energy Bureau must also file both
a “redacted” or “public version” and an “unredacted” or “confidential” version of the document

that contains confidential information. Id. paragraph 6.



8. The Energy Bureau’s Policy on Confidential Information also states the following
with regards to access to validated Trade Secret Information:
1. Trade Secret Information

Any document designated by the [Energy Bureau] as Validated
Confidential Information because it is a trade secret under Act 80-
2011 may only be accessed by the Producing Party and the [Bureau],
unless otherwise set forth by the [Bureau] or any competent court.

Id. Section D (on Access to Validated Confidential Information).

9. Relatedly, Energy Bureau Regulation No. 8543, Regulation on Adjudicative, Notice
of Noncompliance, Rate Review, and Investigation Proceedings, includes a provision for filing
confidential information in adjudicatory proceedings before this honorable Bureau. To wit, Section
1.15 provides that, “a person has the duty to disclose information to the [Energy Bureau]
considered to be privileged pursuant to the Rules of Evidence, said person shall identify the
allegedly privileged information, request the [Energy Bureau] the protection of said information,
and provide supportive arguments, in writing, for a claim of information of privileged nature. The
[Energy Bureau] shall evaluate the petition and, if it understands [that] the material merits
protection, proceed accordingly to . . . Article 6.15 of Act No. 57-2015, as amended.”

B. Request to Seal and for Confidential Treatment

10. Under the Industrial and Trade Secret Protection Act of Puerto Rico, Act 80-2011,
10 LPRA 88 4131-4144, industrial or trade secrets are deemed to be any information:

(a) That has a present or a potential independent financial value or
that provides a business advantage, insofar as such information is
not common knowledge or readily accessible through proper means
by persons who could make a monetary profit from the use or
disclosure of such information, and

(b) for which reasonable security measures have been taken, as
circumstances dictate, to maintain its confidentiality.



Id. § 4132, Section 3 of Act 80-2011. (Emphasis added).

11.  Trade secrets include, but are not limited to, processes, methods and mechanisms,
manufacturing processes, formulas, projects, or patterns to develop machinery and lists of
specialized clients that may afford an advantage to a competitor. See Statement of Motives, Act
80-2011. As explained in the Statement of Motives of Act 80-2011, protected trade secrets include
any information bearing commercial or industrial value that the owner reasonably protects from
disclosure. Id. See also Article 4 of Puerto Rico’s Open Data Law, Act 122-2019 (exempting the
following from public disclosure: (1) commercial or financial information whose disclosure will
cause competitive harm; (2) trade secrets protected by a contract, statute, or judicial decision (3)
private information of third parties). See Act 122-2019, Articles 4 (ix) and (x) and (xi)), 3 LPRA
§ 9894.

12.  The Puerto Rico Supreme Court has explained that the trade secrets privilege
protects free enterprise and extends to commercial information that is confidential in nature. Ponce
Adv. Med. v. Santiago Gonzalez, 197 DPR 891, 901-02 (2017) (citation omitted); see also Next Step
Medical Co. v. MCS Advantage Inc., KLCE201601116, 2016 WL 6520173 (P.R. Court of Appeals,
September 13, 2016) (holding that in Puerto Rico, what constitutes trade secrets is evaluated
applying a broad definition). A trade secret includes any and all information (i) from which a real
or potential value or economic advantage may be derived; (ii) that is not common knowledge or
accessible through other means; and (iii) as to which reasonable security measures have been
adopted to keep the information confidential. Ponce Adv. Medical, 197 DPR at 906.

13. Table 1, a part of RFI-LUMA-AP-2023.0004-20240618-PREB-002a, includes
information on Tranche 2 resources that are a part of the procurement process currently conducted

by this Energy Bureau. The information on proponents and expected capacities should be removed



from the public record until the procurements conclude to protect the fairness and purity of bidding
processes. LUMA understands that said information has not been made otherwise public and, thus,
should be removed from the public filing of RFI-LUMA-AP-2023.0004-20240618-PREB-002a.
14.  This honorable Energy Bureau has maintained under seal the documents, including
confidential information related to the Tranche 1 Request for Proposals (“Tranche 1 RFP”) process.
To that end, through its Resolution and Order of February 2, 2022 (“February 2™ Order”) in Case No.
NEPR-MI-2020-0012, In Re: Implementation of the Puerto Rico Electric Power Authority Integrated
Resource Plan and Modified Action Plan (“IRP Implementation Docket”), this honorable Energy
Bureau established that such confidential treatment is required pursuant to Sections 4.8(g) and 10.2 of
the Joint Regulations for the Procurement, Evaluation, Selection, Negotiation, and Award of Contracts
for the Purchase of Energy and for the Procurement, Evaluation, Selection, Negotiation and Award
Process for the Modernization of the Generation Fleet, Regulation 8815 of October 11, 2016
(“Regulation 8815”). See the February 2" Order in footnote 28. See also Energy Bureau Resolution
and Order of June 13, 2022 in the IRP Implementation Docket on page 10 (wherein the Energy Bureau
determined that certain documents submitted by LUMA and PREPA “containing detailed information
related to ongoing negotiations, strategies to prepare documents to be negotiated and proposals in the
tranche RFP process” were confidential until the adjudication and award process is final). This request
to seal is in alignment with the aforementioned prior rulings by this Energy Bureau to protect and
maintain the purity of the procurement process and avoid disclosure of information that may affect the
financial, competitive, or bargaining position of the parties. See Regulation 8815, Section 4.8(g).
15. Secondly, Table 2, found in RFI-LUMA-AP-2023.0004-20240618-PREB-002b,
includes information that LUMA received confidentially from Genera PR, LLC (“Genera”).

Genera has informed LUMA that it treats that information confidentially as it involves proposed



generation resources that are a part of active procurement processes. The information should be
removed from the public record until the procurement concludes to protect the fairness and purity
of bidding processes. Said information has not been made otherwise public and thus, should be
received and kept under seal of confidentiality.

16.  Thirdly, one of the attachments submitted in response to RFI-LUMA-AP-
2023.0004-20240618-PREB-003a may be subject to copyright. To wit, the article titled Electricity
consumption changes following solar adoption: Testing for a solar rebound, by Ross C. Beppler,
Daniel C. Matisoff, and Matthew W. Oliver (2021), is subject to ResearchGate’s Intellectual
Property Policy!, which does not contemplate the use and reproduction of its content. Therefore,
LUMA treats this document as confidential, considering it is proprietary information belonging to
a third party.

17.  The information included in Table 1 of RFI-LUMA-AP-2023.0004-20240618-
PREB-002a, Table 2 of RFI-LUMA-AP-2023.0004-20240618-PREB-002b and the attachment to
response RFI-LUMA-AP-2023.0004-20240618-PREB-003a: article Electricity consumption
changes following solar adoption: Testing for a solar rebound, should be considered Confidential
by this Energy Bureau pursuant to Section 6.15 of Law 57-2014 and, therefore, treated as
confidential per the Policy on Confidential Information.

18.  The table below identifies the information that LUMA requests should be received

and kept under seal of confidentiality and the grounds for the request for confidential treatment:

thttps://www.researchgate.net/ip-
policy? tp=eyJjih250ZXh0ljp7ImZpcnNOUGFnZSI6InB1YmxpY2F0aW9uliwicGFnZSI6InB1YmxpY2F0aW9ulinl
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https://www.researchgate.net/ip-policy?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
https://www.researchgate.net/ip-policy?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
https://www.researchgate.net/ip-policy?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19

Identification of
Confidential
Information

Summary of Legal
Basis for
Confidentiality
Protection

Date Filed

LUMA’s Response to
Fourth Pre-Filing Period
RFI, Table 1 RFI-
LUMA-AP-2023.0004-
20240618-PREB-002a

Sensitive Commercial
Information and Trade Secrets
under Act 80-2011 and
pursuant to Energy Bureau
Regulation 8815

July 3, 2024

LUMA’s Response to
Fourth Pre-Filing Period
RFI, Table 2 RFI-
LUMA-AP-2023.0004-
20240618-PREB-002b

Sensitive Commercial
Information and Trade Secrets
under Act 80-2011 and
pursuant to Energy Bureau
Regulation 8815

July 3, 2024

LUMA’s Response to
Fourth Pre-Filing Period
RFI, RFI-LUMA-AP-
2023.0004-20240618-
PREB-003a
Ross C. Beppler, Daniel
C. Matisoff, and
Matthew W. Oliver
(2021) Electricity
consumption changes

following solar adoption:

Testing for a solar
rebound

Sensitive Commercial
Information and Trade Secrets
of third parties protected from
disclosure under Act 17-2019
and Act 80-2011; Proprietary

Information

July 3, 2024




WHEREFORE, LUMA respectfully requests the Energy Bureau to take notice of the
foregoing, deem that LUMA complied with the Resolution and Order dated June 18, 2024 and
grant LUMA’s request for confidential treatment as stated herein.

RESPECTFULLY SUBMITTED.

| HEREBY CERTIFY that this Motion was filed using the electronic filing system of this
Energy Bureau and that electronic copies of this Motion will be notified to the Puerto Rico Electric

Power Authority: lionel.santa@prepa.pr.gov and through its attorneys of record Gonzélez &

Martinez, Mirelis Valle-Cancel, mvalle@gmlex.net; and Alexis G. Rivera Medina,

arivera@gmlex.net; and Genera PR, LLC: brannen@agenera-services.com; kbolanos@agenera-

pr.com; regulatory@genera-pr.com.
RESPECTFULLY SUBMITTED.

In San Juan, Puerto Rico, on July 3, 2024.

I DLA PIPER

DLA Piper (Puerto Rico) LLC
Calle de la Tanca #500, Suite 401
San Juan, PR 00901-1969

Tel. 787.945.9132

Fax 939.697.6102

/sl Margarita Mercado Echegaray
Margarita Mercado Echegaray

RUA NUM. 16,266
margarita.mercado@us.dlapiper.com

/sl Yahaira De la Rosa Algarin
Yahaira De la Rosa Algarin

PR Bar No. 18,061
yahaira.delarosa@us.dlapiper.com
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RESPONSES TO JUNE 18, 2024, R&0 REQUEST - FOURTH SET OF 2024 IRP PREFILING RFI 2
Information provided in this ROl is subject to change or be revised as LUMA develops the 2024 IRP.

2024 INTEGRATED RESOURCE PLAN

PREFILING PROCESS OF THE 2024 INTEGRATED
RESOURCE PLAN (2024 IRP)

NEPR-AP-2023-0004

RESPONSE: RFI-LUMA-AP-2023.0004-20240618-PREB-001-04

The Energy Bureau issued on June 18, 2024, a Resolution and Order (June 18th R&O) ordering LUMA to
submit responses to the Fourth 2024 Integrated Resource Plan (2024 IRP) Prefiling Requests of Information
(RFI). LUMA hereby complies and submits its response to Attachment A of the June 18 R&O addressing
questions on:

e PLEXOS® modeling parameters

e Loss of Load Expectation (LOLE)/ Loss of Load Probability (LOLP) target
e Rebound effect

o New installed capacity.

Please note that LUMA provides the following responses on a preliminary and informational basis.

List of Responses and Attachments

Rebound effect study - Ross C. Beppler, Daniel
RFI-LUMA-AP-2023.0004- Document C. Matisoff, and Matthew W. Oliver (2021)
20240618-PREB-003a CONFIDENTIAL  Electricity consumption changes following solar
adoption: Testing for a solar rebound

Rebound effect study - Luan Thanh Nguyen,
RFI-LUMA-AP-2023.0004- Document Shyama Ratnasiri, Liam Wagner, Dan The
20240618-PREB-003a Nguyen, Nicholas Rohde (2024) Solar rebound
effects: short and long term dynamics

LUMAPR.COM




RESPONSES TO JUNE 18, 2024, R&0 REQUEST - FOURTH SET OF 2024 IRP PREFILING RFI 3
Information provided in this ROl is subject to change or be revised as LUMA develops the 2024 IRP.

2024 INTEGRATED RESOURCE PLAN
Attachment A

NEPR-AP-2023-0004
Response: RFI-LUMA-AP-2023.0004-20240618-PREB-001a

SUBJECT
Available capacity of legacy units used in PLEXOS® modeling.

REQUEST

Re: Black and Veatch letter, pages 1-2, expansion planning module, "understanding the details behind the
calculation of LOLP in the model allowed us to make appropriate adjustments so that consistent results are
now being seen between the capacity expansion module and the production cost module of the software" for
base case scenario.

a. What specific adjustments, to which parameters, were made to obtain consistent results between the
modules?

RESPONSE

LUMA’s IRP Technical Consultant is not getting consistent Loss of Load Probability (LOLP) or Unserved
Energy (UE, and collectively LOLP/UE) results from the Long Term (LT) and Short Term (ST) modules.
However, the IRP Technical Consultant has adopted a revised model process that provides consistent results
of unit additions and retirements with acceptable LOLP/UE results from the ST module. No changes were
made to the resource modeling software parameters to address the LOLP/UE issue.

The primary change made to the modeling methodology to address the issues with the resource model’s
calculation of LOLP/UE in the LT module is that LUMA and the IRP Technical Consultant no longer rely on the
LOLP/UE results from the LT module as the basis for resource decisions. The resource modeling software’s
method for calculating the LOLP/UE in the LT module is now known to vary significantly from the true
LOLP/UE projection for the Puerto Rico system given its high forced outage rates. LUMA and the IRP
Technical Consultant now use the LOLP/UE results from the ST module to assess the LOLP/UE performance
of alternative portfolios. While using the LOLP/UE results from the ST module lengthens the process of
assessing alternative portfolios, it assures the portfolios are being assessed with accurate projections of
LOLP. LUMA and its IRP consultant have changed which LOLP/UE data is used to evaluate results, but no
parameters were changed in the resource modeling software to address the issue with the LOLP/UE results.
Figure 1 below provides an illustration of the iterative process that was adopted to address LOLP/UE driven
difference in the LT and ST modules.

LUMAPR.COM




RESPONSES TO JUNE 18, 2024, R&0O REQUEST - FOURTH SET OF 2024 IRP PREFILING RFI
Information provided in this ROl may change or be revised as LUMA develops the 2024 IRP.

2024 INTEGRATED RESOURCE PLAN

Figure 1: Simplified Modeling Process Flowchart
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RESPONSES TO JUNE 18, 2024, R&0 REQUEST - FOURTH SET OF 2024 IRP PREFILING RFI 5
Information provided in this ROl may change or be revised as LUMA develops the 2024 IRP.

2024 INTEGRATED RESOURCE PLAN
Attachment A

NEPR-AP-2023-0004
Response: RFI-LUMA-AP-2023.0004-20240618-PREB-001b

SUBJECT
LOLP Model

REQUEST

Re: Black and Veatch letter, pages 1-2, expansion planning module, "understanding the details behind the
calculation of LOLP in the model allowed us to make appropriate adjustments so that consistent results are
now being seen between the capacity expansion module and the production cost module of the software" for
base case scenario.

b. As applicable, describe in full which PLEXOS LT Plan Chronology method was used - partial, fitted
or sampled - and the reasons for its use.

RESPONSE

Partial LT Plan chronology was used to produce the expansion plan. Partial chronology with one duration
curve for each Month with 21 blocks per month was used. The settings would produce 252 simulation periods
(12 months X 21 blocks) per year which should capture resource needs for about 70% of the full year.

The IRP Technical Consultant is of the opinion this approach is better than using other chronology settings
(Fitted or Sampled) for Puerto Rico’s power infrastructure. Using Fitted chronology fits least square based
load duration curve between samples. This approach simplifies load needs to be more flat than other methods
and produces results that lose hourly level generation considerations in the LT model run. Sampled
chronology biases the model to choose fewer select samples for the full planning horizon.

LUMAPR.COM




RESPONSES TO JUNE 18, 2024, R&0 REQUEST - FOURTH SET OF 2024 IRP PREFILING RFI 6
Information provided in this ROl may change or be revised as LUMA develops the 2024 IRP.

2024 INTEGRATED RESOURCE PLAN
Attachment A

NEPR-AP-2023-0004
Response: RFI-LUMA-AP-2023.0004-20240618-PREB-001c

SUBJECT
LOLP Model

REQUEST

Re: Black and Veatch letter, pages 1-2, expansion planning module, "understanding the details behind the
calculation of LOLP in the model allowed us to make appropriate adjustments so that consistent results are
now being seen between the capacity expansion module and the production cost module of the software" for
base case scenario.

c. Provide all input parameters used for the LT Plan or expansion planning module configuration for the
base case scenario including all LT Plan Chronology details.

RESPONSE

Figure 1 below shows the modeling software of the LT plan input parameters. LUMA will file all input
parameters used for the LT Plan or expansion planning module configuration for the base case scenario,
including all LT Plan Chronology details with the 2024 IRP Report filing. At this time, this information is under
review and will not be final until all the scenario resource portfolios are completed and validated.

LUMAPR.COM




RESPONSES TO JUNE 18, 2024, R&0 REQUEST - FOURTH SET OF 2024 IRP PREFILING RFI
Information provided in this ROl may change or be revised as LUMA develops the 2024 IRP.

2024 INTEGRATED RESOURCE PLAN

Figure 22: LT plan input parameters.
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RESPONSES TO JUNE 18, 2024, R&0 REQUEST - FOURTH SET OF 2024 IRP PREFILING RFI 8
Information provided in this ROl may change or be revised as LUMA develops the 2024 IRP.

2024 INTEGRATED RESOURCE PLAN
Attachment A

NEPR-AP-2023-0004
Response: RFI-LUMA-AP-2023.0004-20240618-PREB-001d

SUBJECT
LOLP Model

REQUEST

Re: Black and Veatch letter, pages 1-2, expansion planning module, "understanding the details behind the
calculation of LOLP in the model allowed us to make appropriate adjustments so that consistent results are
now being seen between the capacity expansion module and the production cost module of the software" for
base case scenario.

d. At the time of the full core scenarios filing, include the top 20 "suboptimal solutions"! available from
the model for the base case scenarios.

RESPONSE

LUMA will include as part of the 2024 IRP Report filing the top 20 “suboptimal solutions” available from the
model for the base case scenarios.

' See PLEXOS LT Plan Solution Count page, "Solution Count is the maximum number of solutions produced in the Solution Hierarchy. By
default, LT Plan will only compute the global optimal solution in terms of the expansion and production decisions. Setting this value to a
number greater than one causes the simulator to continue finding combinations of the expansion decisions, and resulting production
outcome, in order from optimal to second-to-optimal, third-to-optimal etc.... “Available at https://portal.energyexemplar.com/unified-
help/plexos-desktop/LTPlan.SolutionCount.html (last visit, June 13, 2024).

LUMAPR.COM




RESPONSES TO JUNE 18, 2024, R&0 REQUEST - FOURTH SET OF 2024 IRP PREFILING RFI 9
Information provided in this ROl may change or be revised as LUMA develops the 2024 IRP.

2024 INTEGRATED RESOURCE PLAN

Attachment A

NEPR-AP-2023-0004
Response: RFI-LUMA-AP-2023.0004-20240618-PREB-002a

SUBJECT

Generation resources currently planned or contracted for deployment used in PLEXOS®

REQUEST

Re: Responses to Third ROI Question No. 3 [of the Third 2024 IRP Prefiling ROI]. Question No. 3 requested
modeled Puerto Rico deployment dates for all resources. The response did not provide modeled deployment
dates for resources other than Tranche 1 PV and battery storage resources and phase 1 of the ASAP battery
resources.

a. Provide modeled deployment dates, even if estimated, for all Tranche 2 resources listed in Table 4 of
the response to 34 ROl No. 3

RESPONSE

See Table 1 below. The information contained in Table 1 is based on the latest information made available to
LUMA in relation to the Tranche 2 renewable energy resource procurement process.

Table 1: Updated Tranche 2 total capacities

Tranche 2 Solar PV Modeled Deployment
Capacity Date

Tranche 2 Total REDACTEDREDACTEDREDACTED

LUMAPR.COM




RESPONSES TO JUNE 18, 2024, R&0 REQUEST - FOURTH SET OF 2024 IRP PREFILING RFI 10
Information provided in this ROl may change or be revised as LUMA develops the 2024 IRP.

2024 INTEGRATED RESOURCE PLAN
Attachment A

NEPR-AP-2023-0004
Response: RFI-LUMA-AP-2023.0004-20240618-PREB-002b

SUBJECT

FEMA emergency generation.

REQUEST

Re: Responses to Third ROI Question No. 3 [of the Third 2024 IRP Prefiling ROI]. Question No. 3 requested
modeled Puerto Rico deployment dates for all resources. The response did not provide modeled deployment
dates for resources other than Tranche 1 PV and battery storage resources and phase 1 of the ASAP battery
resources.

b. Provide modeled deployment dates, even if estimated, for all RICE and CT Units proposed by
Genera, listed in Table 5 if the response to 3rd ROI No. 3.

RESPONSE

The Commercial Operation Dates for the RICE and CT resources proposed by Genera are summarized in the
table below.

Table 2: RICE and CT Units proposed by Genera.

Location Power Source Expected Capacity | Commercial Operation
(MW) Date

Costa Sur REDACTEDREDACTED REDACTED
San Juan REDACTEDREDACTED REDACTED

Daguao REDACTEDREDACTED REDACTED
Jobos REDACTEDREDACTED REDACTED
Yabucoa REDACTEDREDACTED REDACTED
TOTAL REDACTED
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Attachment A
NEPR-AP-2023-0004

Response: RFI-LUMA-AP-2023.0004-20240618-PREB-002¢c

SUBJECT

BESS resources.

REQUEST

Re: Responses to Third ROI Question No. 3 [of the Third 2024 IRP Prefiling ROI]. Question No. 3 requested
modeled Puerto Rico deployment dates for all resources. The response did not provide modeled deployment
dates for resources other than Tranche 1 PV and battery storage resources and phase 1 of the ASAP battery
resources.

c. Provide modeled deployment dates, even if estimated, for all BESS resources proposed by Genera,
listed in Table 6 of the response to 3rd ROI No. 3

RESPONSE

The commercial operation date of the Battery Energy Storage System (BESS) resources proposed by Genera
is showcased in the table below:

Table 3: Battery Energy Storage System (BESS) Resources proposed by Genera.

Location Power Expected Commercial
Source CaPaClty (MW) | Operation Date

Costa Sur BESS April 2026
Aguirre BESS 142 December 2025
Yabucoa BESS 40 June 2026
San Juan BESS 48 May 2026
Palo Seco BESS 28 March 2026
Vega Baja BESS 52 November 2025
Cambalache BESS 80 January 2026
TOTAL 430
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Attachment A

NEPR-AP-2023-0004
Response: RFI-LUMA-AP-2023.0004-20240618-PREB-002d

SUBJECT

ASAP batteries resources

REQUEST

Re: Responses to Third ROI Question No. 3 [of the Third 2024 IRP Prefiling ROI]. Question No. 3 requested
modeled Puerto Rico deployment dates for all resources. The response did not provide modeled deployment
dates for resources other than Tranche 1 PV and battery storage resources and phase 1 of the ASAP battery
resources.

d. Explain why LUMA plans to include only the first phase of the ASAP batteries (in Table 7 of the
response to 3" ROI No. 3.) as a fixed decision.

RESPONSE

LUMA’s ongoing assumption is to only use the first phase of the ASAP batteries as a fixed decision in the
PLEXOS model due to the project’s current stage. The ASAP batteries program is expected to be
implemented during the first quarter of CY 2026.

Accordingly, LUMA and the IRP Technical Consultant have incorporated the second phase of the ASAP
batteries program as optional. This means PLEXOS will evaluate and potentially include the second phase if it
proves to be economically viable. This second phase is considered optional because, with the simultaneous
implementation of several battery projects, such as Tranche 1, Tranche 2, and Genera batteries, an excess of
battery capacity may be encountered during the upcoming years, making additional batteries less critical in
the timeline proposed (CY 2027).

The updated ASAP program implementation dates, together with the expected capacity and energy from each
phase is summarized in the table below:

Table 4: Additional BESS Resources from ASAP Program with updated dates

Expected
Implementation Date Capacity Expec(:::la‘;jv:)nergy
(MW)
Phase 1- Q1 CY 2026 185 740
Phase 2 — Q1 CY 2027 175 700
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Attachment A

NEPR-AP-2023-0004
Response: RFI-LUMA-AP-2023.0004-20240618-PREB-002e

SUBJECT

ASAP batteries resources

REQUEST

Re: Responses to Third ROl Question No. 3. [of the Third 2024 IRP Prefiling ROI]. Question No. 3 requested
modeled Puerto Rico deployment dates for all resources. The response did not provide modeled deployment
dates for resources other than Tranche 1 PV and battery storage resources and phase 1 of the ASAP battery
resources.

e. Confirm or explain otherwise that the modeled deployment date of the first phase of ASAP batteries is
in CY2025, and state which month of CY2025 the deployment will be modeled in PLEXOS.

RESPONSE

LUMA’s ongoing assumption is that the first phase of ASAP batteries is scheduled for deployment in the first
quarter of calendar year 2026.

For modeling purposes, the deployment date is set for 1/1/2026.
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Attachment A

NEPR-AP-2023-0004
Response: RFI-LUMA-AP-2023.0004-20240618-PREB-003a

SUBJECT

Rebound effect.

REQUEST

Re: Response to 3rd ROI Question No. 9b, concerning the proposed use of a 28.5% rebound effect load for
small solar PV installations.

a. Provide the two studies listed in response to 9b.

LUMA has assumed a 28.5% rebound effect based on empirical studies and analyses relevant to Puerto Rico.
Published articles that reference a typical 28.5% rebound effect in the United States when installing
residential DPV systems are showcased below:

e Ross C. Beppler, Daniel C. Matisoff and Matthew W. Oliver (2021) Electricity consumption changes
following solar adoption: Testing for a solar rebound
https://onlinelibrary.wiley.com/doi/10.1111/ecin.13031

e Luan Thanh Nguyen, Shyama Ratnasiri, Liam Wagner, Dan The Nguyen, Nicholas Rohde (2024)
Solar rebound effects: Short and long term dynamics
https://www.sciencedirect.com/science/article/pii/S0960148124001162

RESPONSE

See attachments:

RFI-LUMA-AP-2023.0004-20240618-PREB-003a_Electricity consumption changes following solar adoption
Testing for a solar rebound, LUMA files this document as confidential, considering it is proprietary information
belonging to a third party.

RFI-LUMA-AP-2023.0004-20240618-PREB-003a_Solar rebound effects short and long term dynamics

© 2024 The Authors. Published by Elsevier Ltd. This is an open access article licensed under the Creative Commons Attribution
4.0 International Public License (“Public License”), https://creativecommons.org/licenses/by/4.0/legalcode.en#s5. Under the Public
License, LUMA may copy and redistribute the material in any medium or format for any purpose, even commercially. Pursuant to
Section 3(a)(1) of the Public License, LUMA certifies it has not modified the licensed material and recognizes the Disclaimer of
Warranties and Limitation of Liability contained in Section 5 of the Public License.
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Attachment A

NEPR-AP-2023-0004
Response: RFI-LUMA-AP-2023.0004-20240618-PREB-003b

SUBJECT

Rebound effect.

REQUEST

Re: Response to 3rd ROI Question No. 9b [of the Third 2024 IRP Prefiling ROI], concerning the proposed use
of a 28.5% rebound effect load for small solar PV installations.

b. Explain how the proposed 28.5% rebound effect "based on empirical studies and analyses relevant to
Puerto Rico" is actually relevant to Puerto Rico and provide any Puerto Rico specific evidence in
support of that assertion.

RESPONSE

LUMA determined that the rebound effect is embedded within the load forecast and has been preliminarily
estimated to be approximately 28.5% based on U.S. studies. However, this estimate is still under review and
LUMA is working to achieve an assessment tailored to Puerto Rico’s conditions. Nevertheless, for the
purpose of this IRP, LUMA has assumed the 28.5% value in the forecasts currently used for the 2024 IRP
development.

The gross load for Net Energy Metering (NEM) customers is included in the base load forecast. This means
that the total energy consumption, including any potential increases due to the rebound effect, is already
accounted for in the load projections for the LUMA distribution system. This inclusion ensures that all energy
provided to NEM customers by LUMA is considered. This increase is already reflected in the aggregate load
measurements in case the NEM customers increase their energy consumption during peak hours due to the
rebound effect. During these periods, NEM customers would be consuming energy from the same energy
sources as other consumers in the system, both renewable and non-renewable sources. See Figure 3 below
for more information:
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Figure 33: Net consumption diagram with embedded rebound effect.
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If NEM customers were to increase their energy consumption during solar hours because of the rebound
effect, their exported energy would decrease. Consequently, as showcased below, the remaining customers
would be receiving energy from the large-scale generation fleet, which includes both renewable and fossil fuel
sources.

Figure 44: Diagram showcasing daily electricity consumption.
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In summary, LUMA's load forecast incorporates the potential impact of the rebound effect for NEM customers,
covering both peak and solar hour scenarios.
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Attachment A

NEPR-AP-2023-0004
Response: RFI-LUMA-AP-2023.0004-20240618-PREB-004a

SUBJECT
LOLP Target.

REQUEST
Re: Response to Question No. 6. [Third 2024 IRP Prefiling ROI]

a. Inresponse to Question 6a and 6b, LUMA states that it will not use an LOLP target until 2030 and
states that 2030 is the earliest date that new capacity could be added to the model.

i. Confirm or explain otherwise that the model will thus utilize only existing or "fixed decision"
resources such as those listed in the response to Question 3 of the Third Set of ROls for all
simulation runs for the years 2025 through 2029.

ii. Confirm or explain otherwise that the model will allow new resources to be available at the
beginning of the 2030 year and thus present if economically built by the model in simulations
for the year 2030.

RESPONSE

i. LUMA ongoing assumption is to only use fixed decision resources for the years 2025 through
2029 for each of the 10 resource portfolios optimized for each of the 10 scenarios.

ii. LUMA confirms that the model will allow new resources to become available from the year 2030
onwards if economically built by the model.

LUMAPR.COM




RESPONSES TO JUNE 18, 2024, R&0 REQUEST - FOURTH SET OF 2024 IRP PREFILING RFI 18
Information provided in this ROl may change or be revised as LUMA develops the 2024 IRP.

2024 INTEGRATED RESOURCE PLAN

Attachment A

NEPR-AP-2023-0004
Response: RFI-LUMA-AP-2023.0004-20240618-PREB-004b

SUBJECT
New installed Capacity

REQUEST
Re: Response to Question No. 6. [Third 2024 IRP Prefiling ROI]

b. On what basis does LUMA assume that "2030 was the earliest new capacity that could be added in
the 2024 IRP”, as stated page 20 in response to 6b?

RESPONSE

LUMA’s ongoing assumption is that, other than existing fixed decisions, new thermal generation resources will
not be added prior to January 2030. This assumption is based on LUMA's experience and procurement
timelines for Tranche 1 and 22 and the expected timelines required to complete the multiple steps associated
with the addition of new generation resources, including planning, procurement, interconnection analysis,
contract approvals, permitting, engineering, construction, and commissioning. LUMA’s ongoing assumption is
also that it is unlikely that such resources would not be committed to until the Energy Bureau issues a final
determination in connection with the ongoing IRP process. LUMA currently assumes the approval of the
ongoing IRP process would occur by the end of the 3" quarter of calendar year 2025 (Q3 CY2025), allowing 4
years and 3 months (4.25 years) until January 2030. As such, LUMA has incorporated only fixed decisions? in
the simulation runs for the period from 2025 to 2029.

2 After the approval of the Energy Bureau, PREPA issued Tranche 1 for bid on February 22, 2021, as stated in the motion of the same
date for Case: NEPR-MI-2020-0012, Subject: Issuance of Renewables RFP Tranche 1. Tranche 1 resources are schedule to be
operational in 2026, approximately 5 years after the Energy Bureau approval of the RFP. This 5-year period for Tranche 1 does not
include the time spent to obtain the Energy Bureau’s approval for the RFP or the time to develop the RFP. On September 28, 2022,
the Energy Bureau, through its Independent Coordinator Accion Group and on behalf of PREPA, issued a Request for Proposals for
Tranche 2. While the Tranche 2 contracts are not yet finalized, the Tranche 2 projects are expected to be operational in 2026,
approximately 4 years from the issuance of the RFP. This 4-year period for Tranche 2 does not include the time spent to obtain the
Energy Bureau’s approval for the RFP or the time to develop the RFP.

3 These fixed decisions include projects that have already been approved or are at an advanced stage of the approval process.
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Attachment A

NEPR-AP-2023-0004
Response: RFI-LUMA-AP-2023.0004-20240618-PREB-004c

SUBJECT

New installed capacity.

REQUEST
Re: Response to Question No. 6. [Third 2024 IRP Prefiling ROI]

c. Please explain fully how LUMA considers all relevant factors that may lead to delays in the operation
of new capacity or energy resources in Puerto Rico

RESPONSE

LUMA and its Technical Consultant have developed an estimate of a typical project lead time for the operation
of new energy resources in Puerto Rico. The estimated lead time is based upon a review of historical project
procurement life cycles observed in Puerto Rico. The assumption considers “typical factors” that impact the
schedule of energy resource projects for the technology types being considered for early years of the 2024
IRP. LUMA’s estimates of the project lead time primarily impact the technologies that could be installed within
the first 5 years of the IRP resource plan (e.g., solar, land-based wind, energy storage, reciprocating internal
combustion engines and combustion turbines, fueled by either renewable of fossil fuels) but would not impact
the technologies that are expected to require a longer lead time (e.g., offshore-wind, marine cable
connections). The 2024 IRP will consider potential delays in operation of new capacity or energy resources
using two primary methods, conservative schedule assumptions for resources and sensitivity analysis of
resource schedules as further described below:

1. Conservative schedule assumptions for resources — As explained in LUMA'’s response to question
4b, LUMA is only considering fixed decisions for projects planned for operation prior to 2030 for each
of the 10 resource portfolios optimized for each of the 10 scenarios. This project lead-time of
approximately 4.25 years following the assumed Q3 CY2025 Energy Bureau approval the 2024 IRP
will allow a reasonable lead time for a typical simple cycle or combined cycle project, requiring air
quality permitting or a renewable or storage technology. While the lead-times for each of these
technologies could potentially be shorter, LUMA believes the lead-time is appropriate for the
purposes of developing a practical and reasonably conservative 2024 IRP.
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2. Sensitivity analysis of resource schedules — Sensitivity analysis is a proven and accepted industry
planning practice to evaluate the impact of the uncertainty associated with specific assumptions, such
as project schedules. LUMA plans to include sensitivity analysis in its assessment of the optimized
portfolios that result from the scenarios. Sensitivity analysis is a proven planning practice used in the
industry to evaluate the impact of highly uncertain projects or schedules..
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Attachment A

NEPR-AP-2023-0004
Response: RFI-LUMA-AP-2023.0004-20240618-PREB-004d

SUBJECT

New installed capacity.
REQUEST
Re: Response to Question No. 6. [Third 2024 IRP Prefiling ROI]

d. Provide any additional information necessary to understand how LUMA and Black and Veatch
determined the earliest year of deployment allowed in the model.

RESPONSE
Please refer to response RFI-LUMA-AP-2023.0004-20240618-PREB-004b.
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Rooftop solar is increasingly promoted as a source of low-carbon household energy; however, there is a plausible
concern that solar installations might influence energy consumption patterns in ways that undermine potential
environmental benefits. In this study, we examine the impact of residential rooftop solar panels on energy usage
in Vietnam. Leveraging a comprehensive and unique panel dataset, we employ a difference-in-differences
identification strategy to estimate the effects of solar installation on consumption. Our models reveal that
households installing solar panels reduce grid consumption (typically carbon-intensive) by approximately 3.6 %.
This reduction occurs concomitantly with an increase in total consumption of around 16 %, indicating a sub-
stantial rebound effect from solar panels. Nonetheless, dynamic models suggest a diminishing trend over time for
both the decline in grid usage and the rebound effect, leveling off to 1.5 % and 3.5 %, respectively, within one
year of solar installation. Acknowledging the marked differences in household consumption behavior and
electricity demand dynamics between developing and developed nations, our research provides valuable insights
into the understanding of the solar rebound effect and its dynamics over time.

1. Introduction

Replacing fossil fuels with renewable energy sources is considered
one of the most viable options for mitigating climate change [1].
However, the success of solar installations in reducing carbon emissions
depends heavily on their ability to substitute for other sources of energy,
particularly grid electricity that runs on fossil fuels. If households that
adopt solar panels also substantially change their energy consumption
patterns, it is possible that the overall carbon emissions associated with
energy use may be relatively unchanged. This phenomenon is known as
a “rebound effect”, where increased supply fails to induce substitution
between solar and grid energy.

In this paper, we investigate the efficacy of residential solar energy in
mitigating carbon-intensive energy consumption. Our motivation stems
from the possibility that a rebound effect may occur through various
behavioral changes, some of which could paradoxically counteract the
environmental benefits of adopting clean energy. Renewable energy
adoption is influenced by both non-financial motivations and financial
incentives [2-4].

Regarding non-financial motivations, there is a consensus that solar
adoption is both encouraged by and encourages more environmentally

responsible behavior [5,6]. However, the effectiveness of these behav-
ioral interventions may be observable only over short periods or may not
always be sustained over the long term [7,8]. The rebound effect can be
explained by moral licensing, wherein solar users may consume more
energy under the assumption that they have already taken a morally
responsible action by installing solar PV [9,10]. On the financial front,
the rebound effect may manifest when consumers perceive solar energy
as synonymous with “free electricity.” This perception is particularly
pronounced in contexts like Vietnam, where the initial phase of pro-
moting rooftop solar power installation employs the net metering
mechanism. Under this mechanism, the solar power output generated is
essentially free for consumption, given that the marginal price of elec-
tricity is zero [11].

We address this issue through an analysis of a distinctive panel
dataset encompassing approximately 3500 households in Hanoi, Viet-
nam, focusing on their energy consumption patterns. Employing a
difference-in-differences methodology, we assess the structural shifts in
solar and grid energy utilization before and after households adopt solar
panels. Our model findings indicate a modest 3.6 % reduction in grid
electricity consumption among solar energy adopters, relative to non-
solar households. Conversely, post-solar system installation, total
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power demand among solar users exhibits a 16 % increase compared to
homes without solar energy. Thus, the potential of household solar
panels to substantively mitigate carbon emissions seems to be adversely
affected.

We further explore the temporal dynamics of both total electricity
demand and grid power demand over a twelve-month period following
the installation of solar systems. Our findings reveal a significant initial
expansion in the gap between the total electricity demands of rooftop
solar owners and non-solar households, as mentioned above at 16 %,
which gradually diminishes over time, ultimately converging to 3.5 %
after the twelve-month observation period. Simultaneously, an opposing
trend is observed in grid electricity consumption. Initially, the reliance
on the grid by solar prosumers is 3.6 % lower than that of non-solar
households, yet this disparity contracts to 1.5 % over the same period.
These dynamics suggest a partial reversion in the behavior of solar
owners towards increased dependency on the grid. This trend may be
attributed to factors such as a less attractive feed-in tariff, limited
adoption of battery technology, and the persistence of entrenched long-
term behavioral patterns.

After obtaining these baseline results, we perform a set of model
diagnostics related to causality/identification. These include an exami-
nation of parallel trend assumptions, running a placebo regression, and
using stability assessments to simulate the potential effects of unob-
served confounding. Our models perform well in all instances, suggest-
ing that our estimates are likely to be causal.

Our results are associated with the rebound effect, a conservation or
energy economics concept on an adverse behavioral response to new
technologies, which are usually more economical or efficient. The
rebound effect was initially known as Jevons’ [12] paradox and revis-
ited in Khazzoom [13] before being widely adopted in a series of ana-
lyses for various energy services, especially papers focusing on energy
efficiency. Some examples of this include but are not limited to studies
by Du et al. [14], Wei & Liu [15], Zhang & Lin Lawell [16], Turner [17],
Freire Gonzalez [18], Mizobuchi [19], Frondel et al. [20], Dimitropoulos
[21], and Bentzen [22]. The detailed surveys of the rebound effect in
earlier literature can be found in studies by Sorrell et al. [23] and
Greening et al. [24].

The solar rebound effect has become a focal point in scholarly
discourse, with recent empirical studies consistently reinforcing findings
from earlier research on this phenomenon. Notably, Beppler et al. [25]
observed a rebound effect of 28.5 % in the eastern United States. Boc-
card & Gautier [26] contributed evidence revealing a significant
rebound effect in consumption, often resulting in oversized installations
due to a generous subsidy scheme in Wallonia, Belgium. Qiu et al. [27]
reported a positive indication of a rebound effect in Arizona, showcasing
an 18 % increase in electricity consumption from solar energy produc-
tion. Investigations into Australian households identified a rebound ef-
fect ranging from 16 % to 20 % in the consumption patterns of solar
owners in Sydney from 2007 to 2014, with the prospect of a more
pronounced effect under a higher feed-in tariff [28-30].

Our study modestly contributes to the emerging field by investi-
gating the solar energy rebound effect in a developing country context.
Recognizing that household consumption behavior and electricity de-
mand dynamics in developing countries differ significantly from those in
developed nations, our research adds valuable insights to the under-
standing of the solar rebound effect. Leveraging a substantial, distinc-
tive, and up-to-date panel dataset, we unveil a substantial rebound effect
that challenges the presumed environmental advantages of residential
solar energy. We are also (to our knowledge), among the first authors to
study the dynamics of this process and show that both the primary effect
and the rebound effect tend to diminish over time.

The paper is structured as follows. Section 2 introduces the data set
and variables. Section 3 presents our baseline estimates and discusses
the immediate implications. Section 4 studies the dynamic properties of
our data and Section 5 undertakes some causal diagnostics. Section 6
discusses some policy implications and Section 7 concludes.
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2. Data

We employ two datasets, household-level panel data and aggregated
district-level panel data of Hanoi Capital, Vietnam. The household data
are an unbalanced panel of more than 3550 households in Hanoi from
2015M1-2021M11, in which 1688 households are solar energy con-
sumers and 1862 households do not use solar energy. It contains detailed
monthly information on electricity demand and bill, solar system ca-
pacity, production, and installation time. This data are collected from
the customer database of Hanoi Power company with encrypted identity
information for privacy purposes. Meanwhile, the district-level data are
a balanced panel dataset that provides aggregated social economics in-
formation of Hanoi’s 30 administrative regions (districts) in the same
period. Because not all households’ socioeconomic and demographic
were available, we adopted district-level data as proxies for exogenous
impact factors to overcome that situation. The district-level data are
balanced data published annually in Statistical Yearbooks by the Viet-
namese Statistics Office.

2.1. Electricity demand variables

Total electricity consumption, y}, and electricity purchased from the
grid network, y2, are monthly data of household i in month t.! They are
measured in kilowatt-hour (kWh) and transformed into logarithmic
form before being adopted into the models. Values of yl and y2 are
identical for those households that do not install or had not installed
solar energy systems. Notably, all homes in the dataset did not possess
solar batteries, but none fed solar energy into the national grid. It means
all solar owners either consumed all solar production or wasted it, and
the solar energy output always equals the subtraction of y}, to y2.

2.2. Electricity price variables

The retail electricity tariff in Vietnam for residential purposes is the
tier rate, in which the rate will increase after every 100 kWh of elec-
tricity consumed. It means that the individual household power price is
endogenous to the demand. Thus, we calculate the average monthly
electricity price for the whole administrative region, aveprice;, based on
total bill and total demand at the district, d in month t. The variable cey; ,
which is measured in Vietnam Dong per kilowatt-hour, is then deflated
and transformed into logarithm form before being input into the models.
This proxy satisfies the price variable’s exogenous requirement.

In addition, the impact of average electricity price on household
demand could be influenced by the urbanisation rate of each district, i.e.
urbang. Specifically, the more developed the district is, the more
dependent households are on electronic devices. Consequently, the in-
fluence of electricity prices on consumption in lower urbanisation areas

! In the initial phase of promoting the development of residential solar power
systems, the Vietnamese government actively endorsed a net-metering initia-
tive. As part of this initiative, households in Hanoi installing rooftop solar
power systems were mandated to have bi-directional electricity meters,
ensuring the compulsory monthly recording of solar power self-consumption,
and any surplus electricity transmitted to the grid. However, this program
faced a setback due to the absence of guidance on finalization, payment
schemes, and invoicing mechanisms from the Ministry of Industry and Trade
and the Ministry of Finance. Consequently, the implementation of this initiative
had to be halted.Subsequently, a new payment scheme for rooftop solar projects
was introduced in the form of the feed-in-tariff (FIT). During the FIT policy
period, electricity generated by rooftop solar power projects was consistently
metered independently. The electricity supplied by Hanoi Power to consumers,
including rooftop solar power investors, underwent regular metering proced-
ures similar to those applied to other households and consumers. Therefore, the
monthly total electricity consumption of each household is recorded as the sum
of the power obtained from the grid and the actual amount used from the
rooftop solar system.
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could be more substantial than that in more developed districts. Thus, an
interaction term between price and urbanisation rate, aveprices x
urbang, is included in models to capture this effect.

2.3. Income variables

We use aggregate-level income averaged by districts as a proxy for
each households’ economic status. We use this approximate method as
unit record data on household income is not available. This approxi-
mation is likely to be reasonable given the spatial associations in so-
cioeconomic well-being usually seen in microdata [31-33]. Variable
incomeg;, measured in Vietnam Dong, is deflated and transformed into
logarithm form. We also include a quadratic term of log of income into
our model to allow for any potential nonlinear effects.

2.4. Other social demography variables

Other socio-demographic covariates, which potentially influence the
power demand, are also included in our model. For instance, the number
of families living in the same house, family;, may positively correlate to
the demand. Meanwhile, the urbanisation rate (urbang), the employ-
ment rate (empgy) and the rate of households having more than two
children (thirdchild,,), which reflect the socioeconomic development of
each district, are also adopted. Finally, the number of new rooftop solar
installed in the district each month, solarcounty,, helps capture the solar
adaptation level of the neighbourhood.

The descriptive statistic of the dataset is provided in Table 1.

Table 1
Descriptive statistics of the dataset.
Variable Description Mean Std. Min Max
dev.
yi Total electricity demand (log 5.79 0.82 3.69 835
form)
y2 Amount of electricity 5.71 0.81 0.00 834
purchased from the network
(log form)
month, t-1 dummy variables for t 44.66 23.99 1.00 83.00
months
D; Dummy variable of the 0.13 0.34 0.00 1.00
installation period
- Dy = 1: the solar system is
installed
- Di = 0: not installed yet
family; No. of families in the 1.11 0.44 0.00 8.00
household
incomeg, Log of average households’ 8.99 0.21 830 9.51
income (by district)
priceg, Log of average electricity 7.57 0.15 6.22  7.77
retail price (by district)
urbany, Urbanization rate (by district) 60.92 45.78 1.56 100.00
empg, The employment rate (by 37.85 22.56 225 125.18
district)
solarcounty, Number of the new solar 1.12 2.96 0.00 44.00
system installations (by
district)
thirdchildg, The rate of households have 4.62 4.39 0.10 20.20
more than two children
Notes.

- Table 1 presents the descriptive statistics of the data used in this study.

- The first column displays the names of variables, which are included in the
model in Eq (1). Meanwhile, the second column shows the meaning and how to
transform variables from the raw dataset.

- The dataset is unbalanced panel data, consisting of observations of 3550
households in 83 months from January 2015 to November 2021. In the data,
1688 solar energy consumers reflect the whole population; and 1862 households
are samples of non-solar houses, which are randomly provided without any
intervention or influence by the authors.
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3. Analysis of the rebound effect
3.1. Baseline models

We are interested in assessing the changes in household consumption
behaviour after installing solar systems, reflected in power consumption
and grid electricity demand. We set up a difference-in-differences
(hereafter, DID) design, in which solar energy adoption was not
geographically specified and the installation point is time-variant by
households.?

Let y; denotes the electricity demand of household i at months t; Dy is
a dummy for the treatment, i.e., solar installation, that distinguish by
households and time®; a; are households’ time-invariant fixed-effects; A,
are time fixed-effects; and, x; is the vector of exogenous variables and
interaction terms. For potential unobserved variables, the fixed effects
estimation will help to capture their impacts. We define baseline models,
including a model for total electricity demand and a model for power
demand from the grid, as follows:

VE = 2+ O+ 8Dy + X+ W

where the superscript E is to distinguish a model for total electricity
demand, i.e., yilt, from a model for power demand from the grid, i.e., ylzt
In addition, residential power consumption is usually serially correlated,
even after applying controlling methods like time-variant fixed-effect
dummies. It is potentially caused by the accumulation of electrical de-
vices or the stability of household financial conditions in the short term
[30]. Thus, we accepted the setup with both fixed effects and lagged
dependent variable, yZ ;.

Baseline models in Eq. (1) can be estimated by least squares, and
estimation outputs are displayed in Table 2. In Table 2, the dependent
variables in columns (1) and (2) are the logarithm of households’ total
electricity consumption, log (y}). Meanwhile, dependent variables in
columns (3) and (4) are the logarithm of grid electricity demand,
log (y2). All models included households’ time-invariant fixed-effects
and time fixed-effects, but they are not shown in the output for
simplicity of exposition. The only differences between models in each
pair are the inclusion or exclusion of exogenous variables, and those
differences are to test the consistency of the estimations.

3.2. Implication of static estimates

The estimation of the treatment dummy, Dy, in Model (1) showed a
highly significant and positive impact on households’ total electricity
demand. It implies that solar installations immediately increased the
total electricity demand by approximately 16.3 %, i.e., suggesting the
existence of a rebound effect of solar installation. The parameter of D;; in
Model (2) also provided a similar pattern, which was 18.1 %, to confirm
that the estimations are only marginally different regardless of the
presence or absence of other exogenous variables. These results were
analogous to the findings in studies of Qiu et al. [27] and Deng and
Newton [30], in which increases in total electricity demand were 18 %
in Arizona and more than 16.7 % in Sydney, respectively.

2 In other words, the difference between this model and an ordinary DID
model is that the treatment group is not naturally assigned, and some house-
holds get treated at particular times while others do not. Nonetheless, the DID
panel model is still suitable because we have panel data of the same families
over time [41].

3 The pre/post-treatment periods are identified by dummy variables, Dj,
while the identity of treatment/control groups is omitted because the model
already includes time-invariant household variant fixed effects. Thus, variable
D indicates two different periods, before (D; = 0) and after (D; = 1) installing
the solar system, for each solar energy owner. Households that do not have a
solar system will have Dy = 0 in all observations.
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Table 2
Estimates output of baseline models.
@ (2 3 4
Solar installation 0.163** 0.181***  —0.036***  —0.032%**
(treatment) (0.006) (0.006) (0.005) (0.005)
Log of total electricity 0.693%** 0.6997**
demand (lagged) (0.005) (0.005)
Log of grid electricity 0.701%** 0.702%**
demand (lagged) (0.005) (0.005)
Average electricity price —0.150%** 0.025*
(log) (0.017) (0.014)
Urbanisation rate (%) 0.004 0.011**
(0.005) (0.005)
Average electricity price 0.002%** —0.00007
(log)* Urbanisation rate (0.000) (0.000)
Income (log) 3.454%** 2.261%***
(0.470) (0.467)
Squared income (log) —0.191%** —0.126%**
(0.026) (0.026)
Number of families 0.017** 0.019**
(0.007) (0.008)
Employment rate —0.001 —0.001%*
(0.000) (0.000)
Rate of household having 0.0003 —0.0003
more than 3 kids (0.001) (0.001)
Observations 223,562 223,562 223,562 223,562
R-squared 0.660 0.658 0.594 0.594
Groups 3544 3544 3544 3544
Average group size 63.08 63.08 63.08 63.08
Panel-level standard 0.720 0.195 0.427 0.217
deviation (c,)
Standard deviation of e;; 0.286 0.287 0.294 0.295
(c)
Adjusted R-squared 0.660 0.658 0.594 0.594
R-squared within model 0.660 0.658 0.594 0.594
R-squared overall model 0.507 0.852 0.647 0.842
R-squared between model 0.559 0.991 0.721 0.997
Notes.

- The dependent variables in models (1) and (2) are the household’s total elec-
tricity consumption (in log form).

- The dependent variables in models (3) and (4) are the household’s grid elec-
tricity demand (in log form).

- All models include households’ time-invariant fixed-effects and time-variant
fixed-effects.

- Standard errors are clustered at the household level and reported in paren-
theses.

- s ek % significant at the significant level of 1 %, 5 % and 10 %.

In the following estimations, the coefficient of D; in Model (3)
expressed a decrease of 3.6 % in grid power demand. A similar estimate
of Dy in Model (4) highlights the robustness of this result. Jointly, these
estimates imply that solar adaptation contributed to replacing a part of
the household’s electricity demand from the grid network to reduce the
dependence on the grid; however, that contribution was relatively small.
Furthermore, the dataset indicated that no residential solar owner in
Hanoi had sold solar power production to the grid. This implies the solar
power production has been topped-up to the solar owner’s total demand
and was not conducive to reducing the carbon footprint of the power
generation industry.

4. Dynamics of the rebound effect
4.1. Modelling the dynamics

The preceding estimations revealed a notable surge in a household’s
overall energy consumption subsequent to the installation of solar
panels, coupled with a slight reduction in grid demand compared to non-
solar homes. This observed phenomenon may be indicative of a rebound
effect, wherein behavioral responses lead to increased consumption
following the adoption of a more economical energy source. Conversely,
it could stem from a natural uptick in usage when individuals have an
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additional energy source to meet previously constrained demand.
Furthermore, there is a plausible suggestion that these effects are dy-
namic, contributing to short-term spikes in household consumption that
may not necessarily represent long-term adaptations. To address and
scrutinize these concerns, we adapt our model in Eq. (1) as follows:

VE=af 05 | 428 4 6ED, i + x5+ €8 where k=0,...,12. (2

The difference between models in Eq. (2) to the models in Eq. (1) is
the existence of twelve lagged treatment dummies, D;_x where k = 0,1,
...,12. In more detail, thirteen estimations of parameter &; ', i.e., 55,01,
..., 815, reflect the impact of solar adaptation on the total electricity
demand immediately after installation and in the next twelve months.
Similarly, thirteen estimations of parameter & 2, i.e., 83, 85, ..., 0oy,
reflect the difference in the impact of solar adaptation on the grid power
demand of rooftop solar owners in the same period. Estimations of pa-
rameters ;' and &; 2, then had been plotted in Fig. 1 (al) and (b1),
respectively. Besides, Fig. 1 (a2) and (b2) demonstrated 5; ' and & 2
when exogenous factors were excluded in Eq. (2) estimations as a
robustness check.

The dynamic of coefficients 5! in Fig. 1 (al) suggests that the
impact of solar installation was remarkable in the first two periods,
which caused total power demand to increase by approximately 16.5 %
higher than in non-solar households. However, that difference dimin-
ished and reached about 3.5 % after thirteen months. Meanwhile, Fig. 1
(b1) displayed an opposite dynamics pattern of coefficients s£=2. It
showed that installing rooftop solar energy helped households reduce
the grid energy demand by approximately 4 % in the first two months
compared to homes without solar power. Nonetheless, this gap also
faded out and reached approximately 1.5 % after thirteen months.

4.2. Dynamic effects

Three implications emerge from the dynamic impacts of solar
installation on electricity consumption. Firstly, the diminishing trends
observed in the gaps between total electricity consumption and grid
power demand suggest that the associated demand shocks are transient
and expected to dissipate over the long term. Consequently, it is
reasonable to assert that the increase in total consumption was not
instigated by restrained demand. If it were, we would anticipate an
expanding demand gap after solar installation, which remains stable in
the long term. Given Vietnam’s 100 % electrification, the absence of
severe power shortages, and the relative affluence of households in
Hanoi, who can afford ample energy, the dynamic points to a significant
short-term rebound effect experienced by rooftop solar prosumers upon
acquiring a cost-effective energy source, namely solar energy.

Secondly, a discernible trend indicates the reduction of gaps in both
total electricity consumption and grid demand between rooftop solar
users and non-solar households over a thirteen-month period. This
phenomenon suggests a gradual diminishment in the disparity of elec-
tricity usage behavior between the two household groups. It is plausible
that these households were initially committed to altering their usage
patterns of electrical appliances to maximize the utilization of solar
energy. However, considering that a substantial portion of power con-
sumption, particularly for essential activities such as cooking, studying,
and entertaining, predominantly occurs during nighttime when solar
energy is unavailable, these solar energy consumers may gradually
revert to their established dependency on the grid, potentially leading to
a reduced reliance on solar energy.”

Third, the reversion to previous consumption patterns may partially
explain the dynamics of the rebound effect; however, it raises lingering
questions regarding the decrease in solar energy consumption among

4 This phenomenon could be seen more obviously in the analysis of solar
production in Section 6.



L.T. Nguyen et al.

Impact of solar installation
on total electricity demand

0.20

0.15
0.10
0.05 4
0.00 T T T T T T T T T T T J
t t+1  t+¥2 t+3 t+4 t+5 t+6 t+7 t+8 t+9 t+10 t+11 t+12
Time (months)
95% Confidence Interval = Coef. of Solar installation
(al)
6!
0.20
0.15
0.10
0.05
0.00 T T T T T T T T T T T J
t 1 2 3 4 5 46 t+7 t+8 t+9 t+10 t+11 t+12

Time (months)
95% Confidence Interval = Coef. of Solar installation

(a2)

Fig. 1. Dynamics of rooftop solar installation’s rebound effects
Notes:
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The figures (al) and (a2) illustrate solar adaptation’s impact on the total electricity consumption in 13 months compared to non-solar households.
- The figures (b1) and (b2) illustrate the difference in solar adaptation’s impact on the grid power demand between rooftop solar owners and non-solar consumers in

13 months.

- The difference between models in figures (al) versus (a2) and figures (b1) versus (b2) is the inclusion or exclusion of exogenous variables, respectively. And the
purposes of figures (a2) and (b2) are to double-check the consistency of figures (al) and (b1).

solar energy owners, who refrained from selling excess outputs to the
grid.” This phenomenon can be attributed to factual inadequacies in
technology application and policy implementation, exemplified by the
minimal adoption of solar batteries among residential consumers in
Hanoi. Consequently, households installing solar panels faced a ‘take it
or leave it’ scenario, unable to store surplus solar energy for nighttime
use when power-intensive activities predominantly occur. Thus, those
households were unable to mitigate their dependence on the grid,
although they were determined to lean toward solar energy. In addition,
the Vietnamese Government applies a feed-in-tariff policy to encourage
households to sell unused solar power to the grid. However, the feed-in
tariff, which is 8.38 cents/kWh,® is lower than most tiers’ marginal
prices in the retail electricity price.” Meanwhile, households need to
complete a tax registration procedure to be able to sell solar energy to
the grid. Therefore, solar energy consumers may not have enough
incentive to sell their solar production.

5 This is observed from the declined trends of the gaps in both total electricity
demand and grid electricity demand between solar energy consumers and non-
solar households.

6 Decision no 13/2020/QD-TTG issued on 06,/04,/2020 about the mechanism
to encourage the development of solar power in Vietnam.

7 The residential electricity retail price is following six tiers:Tier 1 (0-50
kWh): 7.24 UScent/kWh- Tier 2 (51-100 kWh): 7.48 UScent/kWh- Tier 3
(101-200 kWh): 8.69 UScent/kWh- Tier 4 (201-300 kWh): 10.94 UScent/kWh-
Tier 5 (301-400 kWh): 12.22 UScent/kWh- Tier 6 (>400 kWh): 12.62 UScent/
kWhThe feed-in tariff of rooftop solar (8.38 cents/kWh) is only higher than tier
1 and tier 2 marginal prices.

5. Discussion on installed capacity and production

Our results above do not actively address differences in installed
capacity and production that will vary across households. In this section,
we explore these variables and search for their potential to explain the
rebound effect analysed earlier.

We demonstrate the installed capacity distribution trend of house-
hold rooftop solar in Hanoi in Fig. 2. While most households selected a
capacity smaller than 10 kW-peak (kWp) and mainly in the range of 3-7
kWp in 2019, adopters in 2020 chose a higher range of 5-10 kWp or
even more than 15kWp. This could be a response to a dramatic reduction
of 58 % in terms of the levelized cost of solar PV during the period
2016-2020 in Vietnam [34]. However, it is plausible that households
are over-capitalising on solar investment and are creating excess supply,
which may be linked to the behavioural responses hypothesised above.
The potential solar energy production in Hanoi is about 3.3 kWh/kWp
per day or approximately 100 kWh/kWp/month [35,36]. Based on that,
the installed capacities required to fulfil the total electricity demand for
households are approximately 1 kWp, 2 kWp, 3 kWp, and 4 kWp,
respectively, for the households with consumption in Tier 2, Tier 3, Tier
4, and Tier 5. Thus, the illustration in Fig. 3 implies that the majority of
solar energy owners in Hanoi have oversized installations.

Oversized installation could bring some potential benefits that
include revenue from selling solar energy or independence on the grid
for the owners, as well as reducing the peak load for the national system.
However, those benefits were ambiguous or nonexistent in our study.
Previously we found that the dependence on the grid was reduced by
only approximately 4 %, while the whole solar energy output was added
up to the owner demand. In addition, residential solar energy owners
have zero revenue from selling the output based on our data in this
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Fig. 2. Distribution of installed capacity of the household solar systems in Hanoi

Notes:

Fig. 2 demonstrates the distribution of installed capacity of the household solar systems by tiers of electricity consumption. The data are from two years, 2019 and

2020, which recorded the installation of most households in Hanoi

- Each boxplot displays the median, lower and upper quartiles of the capacity. The upper and under adjacent values are respectively determined by the formulas: Q3+
1.5 x Interquartile range and Q1 — 1.5 x Interquartile range. Outliers are not presented in this figure.

- The consumption range in each tier of power demand is explained in footnote 3 of this study.

- In this figure, a household will be assigned to a specific tier based on its highest monthly consumption before installing solar energy.

study, collected up to November 2021. Thus, installation of residential
rooftop solar in Hanoi seems inefficient, resulting in higher total costs
for the owners.

We illustrate the self-consumption of residential rooftop solar power
in Hanoi, organized by installed capacity across four distinct seasons,
using scatter plots in Fig. 3. Additionally, we compare this data with the
potential output calculated from a trial installation project conducted by
Thanh et al. [36], represented by the red lines. The findings from Fig. 4
suggest that only a limited number of households utilized their solar
power output to its full potential, matching the capacity of their installed
solar PV systems. Conversely, a significant proportion of homes consis-
tently consumed considerably less solar power than their systems could
practically generate, irrespective of the season or installed capacity.
Notably, the absence of records indicating households selling solar
power to the grid implies that a substantial amount of the produced solar
power has gone unused or been wasted.

One plausible reason for this inefficiency is insufficient power stor-
age due to inadequate evaluation. The most common mistake solar
owners had was relying on cost-benefit analysis only but overlooking the
technical analysis, which is also seen in many studies or policy recom-
mendations. For example, Thanh et al. [36] considered that a 3kWp
solar system without storage is about 45 % cheaper and has only almost
half the payback period of the same system but with power storage.
However, this result could be different if the fact that most residential
power-consumed activities occur at night is counted. Then, if a solar
owner does not sell solar output to the grid, the output can only be
minimally consumed by certain frequently plugged-in appliances such
as refrigerators. Without the storage, cost-benefit analysis may be
misleading.

Another possible reason for the inefficiency of residential solar en-
ergy in Hanoi is the lack of incentives in promoting policies. As discussed
above, the feed-in tariff regulated by the Government is only 8.38 cents/

kWh, lower than most tiers’ marginal prices, while the procedure to
apply to sell solar output has many red tapes. As a result, solar owners
would rather waste their solar power than sell it back to system. A higher
feed-in tariff, which is encouraging enough to motivate solar energy
owners to produce and sell, is needed. However, what threshold is
appropriate requires further study as there are evidence that high feed-in
tariffs cause rebound effects to be more severe [28,29].

6. Models diagnostics
6.1. Parallel trend assumption

We first examine the electricity demand trends of two groups, solar
owners and non-solar households. Specifically, we aim to verify the
parallel trend assumption that the difference between the demands of
two groups in the absence of solar installation is constant over time.
Fig. 4 demonstrates the results for the total electricity demand (Fig. 4-a)
and the network electricity demand (Fig. 4-b). It is noteworthy that the
parallel lines are not required to be linear, depending on the nature of
the data [37]. In this case, demand lines reflect the well-known sea-
sonality of electricity consumption. In addition, there is no apparent
time boundary between before and after installation, and the lines
depicting solar owners in two periods overlap in Fig. 4. This is because
households installed rooftop solar systems at different points, so each
solar PV owner moved from the pre-treatment sub-group to the
post-treatment sub-group at various times.

As illustrated in Fig. 4-a and 4-b, households without solar power
installations exhibit similar electricity usage patterns. Upon the instal-
lation of rooftop solar systems, distinct shifts in the trend lines for total
electricity demand and grid power demand become evident among solar
power users. For instance, in Fig. 4-a, the green dashed line representing
the total electricity demand of solar power users experiences a notable
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Fig. 3. Solar production consumed by households vs. potential output in four seasons

Notes:

Fig. 3 demonstrates the solar energy production consumed by households in our data versus the potential output of Thanh et al. [36] by solar energy capacities and

four seasons.

- The actual solar energy production is depicted by the dots, and the potential output is depicted by the red lines
- Figures (a), (b), (c), and (d) respectively present four seasons, Spring, Summer, Autumn, and Winter.
- We only record solar power output data from the 4th month after installation to ensure that the data are not recorded too low in the first few months of operation.

increase, setting it apart from other households, particularly from mid-
2018 onward. This divergence persists throughout the observed
period. Conversely, the grid demand trend line for solar power users, as
depicted in Fig. 4-b, initially exhibits a considerable decrease compared
to other households but gradually converges with the original trend line
over time. These visual trends serve as graphical evidence supporting
the previously discussed rebound effect and its dynamic nature.

6.2. Stability analysis

Table 2 provides a comparison between our models of interest with
all available covariates and the simplest models with only treatment
variables, i.e. Dy. The results imply that the full models are reliable
because the coefficients of interest, 6, are marginally affected when
more covariates are added to the models. However, we caution that
potentially poor measures of underlying cofounders could cause adding
these variables to be meaningless or, more seriously, lead the estimation
to problematic compositional changes. This can happen if the change in
Dy is associated with changes in other explanatory variables, i.e., the
solar installation is affected by some other factors included in the model.

To examine this validity aspect of our models, we apply the process
suggested by Pei et al. [38] to conduct balancing tests when putting
covariates, x;;, on the left-hand side (LHS). Pei et al. [38] argued that this
strategy is more powerful than a conventional regression of D; on other

covariates, especially when the controls are bad measured. The LHS
regressions are expressed by fixed-effects estimations in Eq (4):

X = QS 4 AM 4wy + uy, (@)

where, aiLHS are time-invariant fixed effects; are time fixed-effects.
In addition, coefficient vectors © should be statistically equal to zero
to verify the validity of our base models. The balancing tests against the
null hypothesis that & equals zero are presented in Table 3. The results
show that both individual and joint balancing tests cannot reject the null
hypothesis at any significant level below 10 % so that all controls are
statistically balanced. This suggests that the difference between solar
energy owners and non-solar households is stable over time, and the
causal impact of solar energy installation on demand is not associated
with changes in the distribution of other factors.

LHS
At

7. Conclusion

This paper has studied the behaviour of household energy con-
sumption in Vietnam before and after the installation of household solar
panels. Using a difference in differences approach, we have shown that
upon installation, households tend to sharply increase their energy
consumption, with relatively little substitution occurring from grid
electricity to solar energy. As a consequence, the scope for solar panels
to reduce carbon-intensive energy usage appears partially compromised,
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Fig. 4. Dynamics of rooftop solar installation’s rebound effects
Notes:

Fig. 4 (a) illustrate the movement trends of total electricity demand, and Fig. 4 (b) depict the movement trends of network electricity demand.

- The lines depicting solar owners in two periods, before and after installation, overlap because households have different points installing solar PV systems.

- Demands are calculated based on the average monthly consumption of all households in each group

- Total electricity demands are identical to the network electricity demand for non-solar households and yet-to-be-installed solar owners. However, the two demands

are different in the case of solar owners since the solar PV is installed.

at least for developing countries like Vietnam.

Furthermore, our findings indicate that the solar energy rebound
effect manifested prominently in the short term but gradually dimin-
ished over time. To be specific, the total electricity demand of house-
holds with solar installations surged significantly by 16 % following the
installation of solar systems, gradually tapering to approximately 3.5 %
after a twelve-month period. While this decline might be viewed as a
positive trend, it is indicative of a slow abandonment of solar energy

over time, with potential adverse implications for both household wel-
fare and carbon pollution. We contend that fostering improved energy
battery adoption and implementing more incentivizing policies could
contribute to mitigating this issue.

Since households that install solar panels may possess unobserved
characteristics that distinguish them from households that did not, there
is the potential for our results to be affected by unobserved confounding.
However, across a range of diagnostic methods, we find little evidence
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Table 3
Balancing tests the associations between D;, and x;.

p-values of ©

LHS balancing test:

Individual:
Average electricity price (log) 0.107
Urbanisation rate (%) 0.764
Average electricity price (log)* Urbanisation rate 0.442
Income (log) 0.151
Squared income (log) 0.144
Number of families 0.296
Employment rate 0.643
Rate of household having more than 3 kids 0.646

Joint: 0.5955

Notes: Table 4 expresses the result of the left-hand side (LHS) balancing test
suggested by Pei et al. [38]- The LHS balancing test is estimated based on the
first different estimator of equationsx; = a4 A 4 nDy, + uy- The joint LHS
balancing test is implemented by the suest command in Stata.

that endogeneity or misspecification issues may be biasing our results.
As estimates need to be causal in order to meaningfully inform policy,
the stability of our results is a major advantage.

Nevertheless, our study is subject to certain limitations. Firstly,
detailed demographic and financial data at the household level were not
within the scope of our data collection. Additionally, the available data
lack granularity in terms of electrical appliance usage, which would
have provided a more nuanced analysis of how rooftop solar owners
adjust their consumption post-installation. Despite our efforts to conduct
surveys in Hanoi for the collection of such data, all attempts were
regrettably cancelled due to the Covid-19 epidemic. These limitations,
acknowledged herein, underscore the need for future research

Appendix

Placebo regression
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endeavors to address these aspects comprehensively.
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Estimates of solar energy installation on electricity demands, measured by & in Eq. (1), could be invalid if the model is incorrectly specified. One
way to diagnose potential specification errors is to run a placebo regression. , where the treatment is shifted into a period where no effect is expected to
occur. If our model produces significant results in these placebo specifications, it suggests that some other factor may account for the results. To
examine that effect, we apply a Granger-type causality framework [39] to Eq (1) by including three (03) leading values of the dummy variable Dy,
which are Dy with f = [1,3]. The test equations can be expressed as follows,

3
Vi =0 + OV 2+ 8D+ ) S Diy + X, e ®)
=1

The estimation outputs provided in Table 4 suggest that all leading values D, are insignificant. The Wald test further verified that three values of
Dy (withf =1,2,3) jointly equal zero. Therefore, we can reject the null hypothesis that the solar energy installation is anticipated by outcomes
measured in earlier periods, considering up to three periods.

Table 4
Granger causality tests for the placebo effect

(€D 3)
Solar installation (treatment) 0.164%%* —0.046%**

(0.010) (0.009)
Solar installation (1-period lead, 6%) —0.005 —0.004

(0.012) (0.012)
Solar installation (2-periods lead, %) —-0.010 —0.009

(0.012) (0.012)
Solar installation (3-periods lead, %) 0.002 0.011

(0.009) (0.009)
Log of total electricity demand (lagged) 0.670%**

(0.005)
Log of grid electricity demand (lagged) 0.676%**

(0.006)

Average electricity price (log) —0.137%** 0.042%**

(continued on next page)
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Table 4 (continued)

@™ 3
(0.018) (0.015)
Urbanisation rate (%) 0.004 0.011%*
(0.005) (0.005)
Average electricity price (log)* Urbanisation rate 0.002%*** 0.000
(0.000) (0.000)
Income (log) 3.731%%* 2.333%**
(0.495) (0.491)
Squared income (log) —0.206%** —0.129%**
(0.028) (0.028)
Number of families 0.021%%* 0.024%%%
(0.008) (0.009)
Employment rate —0.001 —0.001%*
(0.000) (0.000)
Rate of household having more than 3 kids —0.0003 —0.001
(0.001) (0.001)
Observations 195,299 195,299
R-squared 0.651 0.592
Groups 3541 3541
Average group size 55.15 55.15
Panel-level standard deviation (c,) 0.751 0.446
Standard deviation of ¢;; (c.) 0.275 0.281
Adjusted R-squared 0.651 0.592
R-squared within model 0.651 0.592
R-squared overall model 0.478 0.625
R-squared between model 0.529 0.694
Wald test for 6F =85 =65 =0
F(3, 3540) 0.83 0.62
Prob > F 0.4798 0.6021

Notes.

- The dependent variable in Model (1) is the log of the household’s total electricity consumption.

- The dependent variable in Model (2) is the log of the household’s electricity purchased from the grid
network.

- All models include households’ time-invariant fixed-effects and time-variant fixed-effects.

- Standard errors are clustered at the household level and reported in parentheses.

-k kk % significant at the significant level of 1 %, 5 % and 10 %.

Magnitude of Nickell bias

There are potential concerns in our dynamic panel data model regarding the inclusive of a first-order autoregressive model in a fixed-effect model,
i.e. the appearance of y;; 1 in Eq (1) [40]. Pischke [41] and Angrist and Pischke [42] emphasised that if the model with first-order autoregressive is
correct, the use of the fixed-effects model will lead to an overstated positive treatment effect, i.e. § is too big. Conversely, the mistaken use of the
first-order autoregressive model, while the fixed-effects model is correct, leads to an understated positive treatment effect, i.e. § is too small. For this,
we conduct Born and Breitung’s [43] portmanteau test for serial correlation in fixed-effects panel models to verify the inclusion of y;_; in Eq (1). The
result of this test is given in the Appendix.

Meanwhile, the model nest both lagged dependent variables and fixed effects could raise a downward biased if the time series (T) is short [40].
However, this issue can be neglected if T is “reasonably large”, e.g., Beck et al. [44] considered that T = 40 is sufficient. Given that T = 83, the potential
bias in our models is very small and could be considered as zero following that guidance.® We note that Nickell’s bias can be solved by applying the
generalized method of moments (GMM). However, because the Nickell bias could be considered not significant, we only report results by regular
fixed-effects regression.

Portmanteau test for serial correlation in fixed-effects panel models

Born and Breitung’s [43] portmanteau test for serial correlation in fixed-effects panel models is to test if the error term from &j; from Eq (5) has
serial correlation:

Ve =of + A5+ 6Dy x5+ eE k=0,...,12. Q)
e =oel |+ ey
where the difference of Eq (5) from Eq (2) is only the exclusion of the lagged dependent variable, y; ;.
The test is stated as follows:
- HO: No auto-correlation of any order, i.e., 6 = 0.

- Ha: Auto-correlation up to order 1, i.e., 6 # 0.

8 According to Nickell’s [40] Monte Carlo simulation, the simple approximation of the bias in a within-group estimator is — %, where 0 is parameter of lagged

dependent variable y;;_;. Applying this approximation with § = 0.69 and T = 83, the bias in this study is approximately 2 %.
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The result of the test (Table 5) rejects the null hypothesis and suggests the alternative that there is an auto-correlation issue. Thus, the inclusion of
lagged dependent variable, y;_1, is reasonable.

Table 5
Testing for serial correlation in the base models

@ (@)
Solar installation (treatment) 0.475%** —0.049%**
(0.016) (0.016)
Average electricity price (log) —0.520%** 0.154%**
(0.051) (0.045)
Urbanisation rate (%) 0.023 0.041%*
(0.015) (0.016)
Average electricity price (log)* Urbanisation rate 0.004%** —0.001
(0.001) (0.001)
Income (log) 9.129%** 7.225%**
(1.479) (1.534)
Squared income (log) —0.507%** —0.402%**
(0.083) (0.087)
Number of families 0.081*** 0.088%***
(0.023) (0.025)
Employment rate —0.003** —0.003**
(0.001) (0.002)
Rate of household having more than 3 kids —0.0002 0.00004
(0.004) (0.004)
Observations 232,756 232,756
R-squared 0.312 0.171
Groups 3544 3544
Average group size 65.68 65.68
Panel-level standard deviation (c,) 2.040 1.383
Standard deviation of €;; (c.) 0.421 0.436
Adjusted R-squared 0.312 0.170
Inoue and Solon [45] LM-test as post estimation
IS-stat 1559.61 1387.41
p-value 0.000 0.000
N 3544 3544
maxT 82 82

Notes.
- The dependent variable in Model (1) is the log of the household’s total electricity consumption.
- The dependent variable in Model (2) is the log of the household’s electricity purchased from the grid
network.
- All models include households’ time-invariant fixed-effects and time-variant fixed-effects. The difference
between these estimations and the ones in Table 2 is the exclusion of lagged dependent variable, y; 1.
- The test for panel serial autocorrelation used Born and Breitung [43] implementation, initially described by
Inoue and Solon [45]. This test can be conducted by xtistest command in Stata, implemented by Wursten
[46].

wwk wx % significant at the significant level of 1 %, 5 %, and 10 %.
- Robust standard errors are reported in parentheses.

Estimations based on solar capacity explanatory variable

An alternative method for assessing the rebound effect of installing rooftop solar power involves utilizing installed capacity as an explanatory
variable, in contrast to employing a dummy variable that signifies the periods before and after installation. This approach presents the advantage of
capturing various levels of rebound effect, with higher capacity often associated with more pronounced rebound effects. However, it is crucial to
acknowledge the potential correlation between capacity and household wealth, an additional explanatory variable for electricity demand. Conse-
quently, the impact of solar capacity on electricity consumption and the rebound effect may be subject to bias due to multicollinearity.

Nevertheless, for comprehensive consideration, we introduce the estimation results of this alternative approach in Table 6 as a reference.

Table 6
Estimates output of baseline models based on installed solar capacity
(€9)] (2 3) @
Installed solar capacity 0.021*** 0.023%*** —0.004*** —0.003***
(0.001) (0.001) (0.001) (0.001)
Log of total electricity demand (lagged) 0.690%** 0.697%**
(0.005) (0.005)
Log of grid electricity demand (lagged) 0.701*** 0.702%**
(0.005) (0.005)
Average electricity price (log) —0.164*** 0.033**
(0.014) (0.014)
Urbanisation rate (%) 0.006 0.010*
(0.005) (0.005)

(continued on next page)
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Table 6 (continued)
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@ (2 3) “
Average electricity price (log)* Urbanisation rate 0.002%** 0.000

(0.000) (0.000)
Income (log) 3.361%** 2.289%**

(0.477) (0.468)
Squared income (log) —0.186%** —0.128%**

(0.027) (0.026)
Number of families 0.017** 0.019**

(0.007) (0.008)
Employment rate —0.001** —0.001**

(0.000) (0.000)
Rate of household having more than 3 kids 0.000 —0.000

(0.001) (0.001)
Observations 223,562 223,562 223,562 223,562
R-squared 0.660 0.659 0.594 0.594
Groups 3544 3544 3544 3544
Average group size 63.08 63.08 63.08 63.08
Panel-level standard deviation (c,) 0.747 0.190 0.422 0.218
Standard deviation of ¢;; (6.) 0.286 0.287 0.295 0.295
Adjusted R-squared 0.660 0.659 0.594 0.594
R-squared within model 0.660 0.659 0.594 0.594
R-squared overall model 0.498 0.852 0.650 0.841
R-squared between model 0.553 0.989 0.724 0.997

Notes.
- The dependent variables in models (1) and (2) are the household’s total electricity consumption (in log form).
- The dependent variables in models (3) and (4) are the household’s grid electricity demand (in log form).

- Installed solar capacity is zero for household does not have or have not installed rooftop solar.

- All models include households’ time-invariant fixed-effects and time-variant fixed-effects.

- Standard errors are clustered at the household level and reported in parentheses.
- dwex ok x: significant at the significant level of 1 %, 5 % and 10 %.
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