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DISCLAIMER

This report has been prepared by AFRY Management Consulting Ltd ("AFRY"”) solely for use by Associacdo Portuguesa das Empresas de Gas Natural ("AGN”, or the
“Recipient”). All other use is strictly prohibited and no other person or entity is permitted to use this report, unless otherwise agreed in writing by AFRY. By accepting
delivery of this report, the Recipient acknowledges and agrees to the terms of this disclaimer.

For the avoidance of doubt this restriction means that these report and results cannot be shared with any of AGN’s member companies. However, we
acknowledge that some employees of member companies may be directly involved in this study and so in accordance will have access to these report
and results, but they agree it is only for use as part of this project and not for sharing within their own organisations.

NOTHING IN THIS REPORT IS OR SHALL BE RELIED UPON AS A PROMISE OR REPRESENTATION OF FUTURE EVENTS OR RESULTS. AFRY HAS PREPARED THIS REPORT
BASED ON INFORMATION AVAILABLE TO IT AT THE TIME OF ITS PREPARATION AND HAS NO DUTY TO UPDATE THIS REPORT.

AFRY makes no representation or warranty, expressed or implied, as to the accuracy or completeness of the information provided in this report or any other
representation or warranty whatsoever concerning this report. This report is partly based on information that is not within AFRY’s control. Statements in this report
involving estimates are subject to change and actual amounts may differ materially from those described in this report depending on a variety of factors. AFRY hereby
expressly disclaims any and all liability based, in whole or in part, on any inaccurate or incomplete information given to AFRY or arising out of the negligence, errors or
omissions of AFRY or any of its officers, directors, employees or agents. Recipients' use of this report and any of the estimates contained herein shall be at Recipients'
sole risk.

AFRY expressly disclaims any and all liability arising out of or relating to the use of this report except to the extent that a court of competent jurisdiction shall have
determined by final judgment (not subject to further appeal) that any such liability is the result of the wilful misconduct or gross negligence of AFRY. AFRY also hereby
disclaims any and all liability for special, economic, incidental, punitive, indirect, or consequential damages. Under no circumstances shall AFRY have any liability
relating to the use of this report in excess of the fees actually received by AFRY for the preparation of this report.

All information contained in this report is confidential and intended for the exclusive use of the Recipient. The Recipient may transmit the information contained in this
report to its directors, officers, employees or professional advisors provided that such individuals are informed by the Recipient of the confidential nature of this report.
All other use is strictly prohibited.

All rights (including copyrights) are reserved to AFRY. No part of this report may be reproduced in any form or by any means without prior permission in writing from
AFRY. Any such permitted use or reproduction is expressly conditioned on the continued applicability of each of the terms and limitations contained in this disclaimer.
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INTRODUCTION

The future role of renewable gases is not decidedly aligned in Portuguese
regulation, and therefore, the future of gas networks is uncertain

EMISSION REDUCTIONS FOR BUILDINGS RNC 2050 OBJECTIVES FOR THE WHOLE ECONOMY
— Residential and commercial buildings (R&C) are major
energy consumers and are an important source of CO, General objectives 2030 2040 2050
emissions.
) GHG reduction? -45/55% -65/75% -85/90%
— Portuguese long-term energy plans contemplate a high
electrification of the economy and of R&C sectors in Renewable penetration? 46/47% 71/72% 86/88%
particular.
— Space & Water heating demand (S&W) is the major
challenge in terms of heat decarbonisation, as other energy ELPRE EMISSION TARGETS FOR R&C BUILDINGS
demands have already been electrified (space cooling,
lighting...).

AFRY believes that renewable gases are key
enablers of the decarbonisation of the S&W heating
demand for buildings and that gas networks have
a major role to play in this transition.

Emissions reductions

2018 2030 2040 2050

Source: RNC 2050, ELPRE. Notes: 1. Relative to 2005. | 2. On final energy consumption.
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INTRODUCTION

The role of natural gas has been a critical element in replacing oil products
and in helping reduce CO, emissions

HISTORICAL ROLE OF NATURAL GAS R&C DEMAND & EMISSIONS EVOLUTION IN PORTUGAL

— Between 2000 and 2019, CO, emissions have reduced by
43%. This has been achieved through the replacement of TWh mtCO2
high-emitting fuels, particularly in low-income households, 70 7

with less polluting alternatives, such as natural gas.

60 6
— In a regulatory context that pivots around electrification,
the role of natural gas and renewable gases becomes a 50 5
critical element towards reaching the objectives of a fair
transition towards Nearly Zero Buildings designed by the 40 4
Government in long-term strategies. 30 3
— Buildings’ decarbonisation may be very challenging if
. ; . . 20 2
insulation of households is not improved.
10 1
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Source: DGEG
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DECARBONISATION PATHWAYS ANALYSED BY AFRY
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Utilising its modelling capabilities, AFRY evaluated two different pathways for
the gas distribution network in order to reach the Government’s emission
targets for 2050 in residential and commercial heat demand

NETWORK NETWORK
SCENARIO GROWTH REPURPOSING

Gas @ @

Expansion
p lI:)I? SI0 New CPs added to Repurposing to
atnway the network renewable gases

Gas Q @ @

Repurposing 3
Pathway

No new CPs except Repurposing to
LPG substitution renewable gases

LEADING
TREND

d

Gas as a major
energy vector

309

Zero-emission
gases

EMISSION
TARGETS

77%

Emissions in S&W
heat demand

77%

Emissions in S&W
heat demand

Notes: ELPRE sets 77% emissions reduction by 2050 in residential/non-residential buildings, most of which is S&W heating. AFRY has taken this value as the objective for emission reductions.
@ AF POYRY
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REGIONAL CHARACTERISATION
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AFRY divided continental Portugal into six regions based on climatic and
development parameters, to be applied to the gas network growth per region

INPUTS METHODOLOGY

Temperature Precipitation
AFRY has divided Portugal into
North, Centre and South

N based on IPMA weather profiles
at district level, avoiding the
grouping of non-adjacent

C municipalities whenever
possible.

)

In addition, we have used the
European Commission’s rural-
urban classification
methodology based on NUTS III
Intermediate regional distribution according
to population density.
Intermediate urban is
considered urban according to
the EU’s definition.

. Predominantly urban

Predominantly rural

Development

Source: IPMA, European Commission, AFRY analysis
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FINAL REGIONAL BREAKDOWN

[ North - Urban
[ ] North - Rural
[ Centre - Urban
[] Centre - Rural
[[] South - Urban
[ ] South - Rural
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RESULTS - HEAT PRODUCTION BY APPLIANCE

The Gas Expansion pathway eradicates LPG consumption earlier while
accelerating the integration of renewable gases towards the target year

BY APPLIANCE

(‘j AGN Gas Expansion Pathway g‘ﬂ AGN Gas Repurposing Pathway
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2021 2025 2030 2040 2050 2021 2025 2030 2040 2050
ASHP ® Hydrogen boiler ® Biomass fireplace ® Resistance heating

® GSHP Gas boiler ® H2HP Solar thermal
® District heating ® Biomass boiler ® Qil boiler (LPG)

Source: AFRY
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RESULTS - CONNECTION POINTS BY REGION

In the Gas Expansion pathway, connected points grow at 0.9% CAGR 2021 -
2050, while the Gas Repurposing pathway grows at a slower rate

BY REGION

C} AGN Gas Expansion Pathway @'® AGN Gas Repurposing Pathway

N
=
=<

=
5
=<

1.0M

0.5M

Connection points (mn)

0.0M

2021 2025 2030 2040 2050 2021 2025 2030 2040 2050

® North Urban = North Rural ® Centre Urban “ Centre Rural = South Urban South Rural

Source: AFRY
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RESULTS - INVESTMENT AND MACROECONOMIC IMPACT

We estimate €16.6bn towards the decarbonisation of residential and
commercial buildings, with a positive net impact on the Portuguese economy

INVESTMENT REQUIREMENTS IMPACT TO THE PORTUGUESE ECONOMY

— Our results conclude that the Gas Expansion pathway is a
cheaper solution in terms of end-user appliances.

- . Employment
— Investment needs for R&C buildings’ decarbonisation add

up to €16.6bnt. +28,000

Iv jobs by 20502

Gas Expansion smooths the integration of renewable gases in
0 2040-2050 in a feasible way by harnessing existing assets. MACROECONOMIC IMPACT

This pathway is more cost-effective as the costs of the Gas/H2 GDP
e network associated with the heat demand for the R&C sector

will be split across a larger number of clients. g B
+€2.9bn

e This investment drives a net positive impact on the GOF by 20502

Portuguese economy, in terms of both job creation and GDP.

Notes: (1) In NPV terms using a social discount rate of 4% for the 2021-2050 period. (2) Compared to Cambridge Econometrics baseline scenario, which is broadly consistent with the European Commission
projections. The macroeconomic impact was performed for the residential, commercial and industrial sectors.

Sources: AFRY, Cambridge Econometrics .
cambridge
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CONCLUSIONS
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Gas networks could play a key role in the Portuguese transition and foster
the integration of renewable gases in the future, with a net positive impact
on the Portuguese economy and decarbonisation

DECARBONISATION

Electrification alone is not the solution.

According to our analysis, a pathway
that combines both gas and
electricity, as well as renewable
gases in the longer term, can reach
national targets with respect to CO,
emissions in buildings.

It also creates a solid support base for
decarbonisation of the industrial
sector which can only decarbonise
through biomethane, hydrogen, and
CCS, and avoids stranded assets.

Notes: (1) The macroeconomic impact from Cambridge Econometrics was performed for the residential, commercial and industrial sectors.

R#

COMPLEMENTARITY

Current regulatory targets do not take
into account the threats of full
electrification at technical level, and the
consequences that a single solution,
single price and a technological
monopoly would bring to consumers.

Gas grids provide power of choice to
energy consumers as they leverage the
existence of multiple energy carriers,
markets and value chains.
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MACROECONOMIC IMPACT

The transition through renewable gases
unlocks benefits to the whole economy
in terms of GDP and job creation.

Our analysis shows that natural gas
plays a bridging role in the Portuguese
transition, with net positive impact!
on employment and contributions to
the GDP, while also preventing the
challenges from stranded assets and
their associated costs.
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CONCLUSIONS

Qgn

ASSOCIAGAO PORTUGUESA
DE EMPRESAS DE GAS NATURAL

However, efficient decarbonisation policies must be anchored to other two
main pillars needed to tackle the transition of buildings: renovation and

efficiency

ENERGY POVERTY

Gas plays a major role in the
substitution of LPG and inefficient
fireplace systems, widely used in low-
income households offering a very poor
heating performance and leading to high
rate of humidity and mould in homes.

Disruptiveness and readiness of
households should be considered. Gas is
key to prevent high costs of conversion,
while guaranteeing greater thermal
comfort and reducing energy
poverty.

RENOVATION & EFFICIENCY

Measures to decarbonise buildings may
not be possible unless households
perform building renovation and
efficiency enhancements through
insulation.

Natural gas plays an important role as
the alternative to the financial efforts
inherent to electrification of heat in
buildings in addition to building
renovation costs, while still providing
thermal comfort to families and reducing
energy poverty.
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REGULATORY HARMONISATION

Regulation should focus on building
efficiency and adopt a technology-
neutral stand to heating systems.
Without this base, decarbonisation
policies may not prove effective to tackle
energy efficiency and energy poverty in
Portugal.

In addition, the lack of regulatory
harmonisation is an issue. Efforts
should not be a series of independent
initiatives running in parallel. Cohesive
solutions are needed to align decisions
and investments.
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RECOMMENDATIONS TO PORTUGUESE POLICY MAKERS

Long-term national plans should take into account the potential benefits
from keeping natural gas as a bridging element to support the integration of
renewable gases

National regulatory targets should seek harmonisation in medium and long-term
@« targets (electrification vs. renewable gases), in order to attune investments and
ensure investor confidence.

Policies should be grounded on technology-neutral premises in order to guarantee
fair competition amongst technologies.

Building efficiency and renovation are a necessary premise for effective
decarbonisation strategies (avoiding energy waste or ineffective investments) as well
as to reduce energy poverty in residential buildings.

Gas networks are key bridging assets towards the incorporation of renewable gases in
the heating mix and in industrial settings. Policies should specify long-term
renewable gas targets to provide clarity the role of gas in this transition.
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Thank you very much
for your attention.

CONTACT INFORMATION

RICHARD SARSFIELD-HALL richard.sarsfieldhall@afry.com

Director +44 7800 737 356

DORIAN DE KERMADEC dorian.dekermadec@afry.com
Senior Principal +34 672 300 694

JULIA DUPUY julia.dupuy@afry.com

Manager +34 607 933 702







