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Program “Energia Solar a Gran Escala en México”
German Climate and Technology Initiative - DKTI

Objective:

Improve the technological, financial and organizational conditions for
large scale solar energy applications in Mexico

Areas of work:

Policy, strategies Technology and Solar financing
and regulations innovation capacities

A
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Program “Energia Solar a Gran Escala en México”
German Climate and Technology Initiative - DKTI

On behalf of

% Federal Ministry
for Economic Cooperation
and Development

11/2015 - 04/2020
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Power capacities: Status quo and additions until 2032

2017: 76 GW +54 GW > 2032: 130 GW | )

2032

Carboeléctrica
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21.06.2018 Mexico's Push for Solar: Power Plants and Distributed Generation Page 4

source: PRODESEN 2018-2032



_______ f PaAe!
T - cooperacién 4

e et Deutsche Gesellschaft
e 320 e L alemana fir Internationale
e s y < Zusammenar! beit (61Z) GmbH

DEUTSCHE ZUSAMMENARBEIT

Solar Market Growth Projections

PV Installed Capacity (GW, cumulative)
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—o—PRODESEN 2018-2032 —e—JEA Mexico Energy Outlook 2016
—e—BNEF New Energy Outlook 2017 —e—IEA ETP 2015
—o—IRENA 2015 Ref scenario —o—IRENA 2015 REmap2030 scenario
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Framework & Incentives for Solar

100% of investments in machinery and equipment used for renewable energy
generation. Include fixed assets, expenses and deferred charges. Min 5 years
operation

Accelerated
depreciation

Clean Energy
Certificates
(CELS)

Mandate to generate 5% of overall consumption by clean energy in 2018. All market
participants that consume electricity in the system must comply with the mandate and
can use CELs to meet obligations. Solar is a sources eligible for CELs.(1CEL=1MWNh)

Wholesale Elec-
tricity Market &
Auctions

Regulated Austions for Electricity suppliers (eg CFE) for clean energy, capaity and
CELs

Generation consumer

R&D Renewable energy and energy efficiency.
Projects and calls managed by SENER and CONACYT

Sustainable
Energy Fund

Non-discriminatory network access; reation of wholesale markets, Improved
information provision; simplified approval processes

other

Distributed > Billing credit for excess electricity generated by RE facilities of retail electricity

Source: GlZ, BNEF, Ley del Impuesto sobre la Renta, SENER, Ley Federal de Derechos
21.06.2018 Mexico's Push for Solar: Power Plants and Distributed Generation Page 6
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CEL: Clean Energy Certificates P
(Certificados de Energia Limpia) ‘. = Wholesale market
/ = Long term auctions
Rationale Mechanism - Dlateral deals
= Convert clean energy generation = Consumption obligation (% annual
goals into consumption obligations consumption for large consumers

and supplier (Load Serving Entities)

=  Additional incentive / income for

clean energy generation = Eligible for CEL generation: new

e clean energy plants post 08/2014

|
|
Mio CEL / TWh :
I
I
|

241

2018 2019 2020 | 2021 2022 2023

Oligation 5% 58% 7.4% 109% 13.9% ;8(210
gmo CEL/ 43 -16 ~21 ~33 ~45

2018 2019 2020 2021 2022

m SLP 2015-01 m S|P 2016-01 m SLP 2017-01 . Brech
Ll Fuente: BNEF 2018 Page 7
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P

Short Term Energy Market

~

(" Day YU - CTTTN(T TTHour
: Ahead :: R??OI%TE :: Ahead :
\__(2016) s \______ _1 \ (late 2017) s

[ Trading of energy and ancillary services ]

ancillary services

based on MLP / PML and zonal prices for

~/

Clean Energy Certificates (CEL) \

Market
(2018)

Operated by CENACE (at least 1 a

year), allowing Load Serving
Entities to satisfy their CEL
obligations.

7

/ Capacity Balancing Market \\

(2016 ex-post 2017)

Operates annually, for the immediately
preceding year, with the purpose of
performing sale and purchase
transactions of Firm Capacity not
covered or committed through the
Electricity Coverage Contracts.

\ ~/

/ Financial Transmission Rights \
Auctions (2016)

Grant the titleholder the right to receive
the charge or the obligation to pay the
difference of the Marginal Congestion

Components of the Locational Marginal

Prices of the Day-Ahead Market, between
the destination and origin nodes.

\>

Medium Term (2017)

Energy and Firm Capacity

Auctions

Long Term (2015)
Energy, CEL, Firm Capacity ]

Fuente: Manual de Subastas de Largo Plazo (DOF 19/11/2015)

6/21/2018

(start year)

4
Deutsche Gesellschaft
fir Internationale
Zusammenarbeit (61Z) GmbH

( Bilateral \

contracts

( Medium- to \

long-term
PPA contracts

with large
consumers or

qualified

\_ suppliers. )
. J

Page 8
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Direct PPAS

» Bilateral contracts can be closed by qualified suppliers or directly with

generators

 Most PPAs in Mexico have been closed under permits from previous

law (auto-abasto).

* Very little transparency in the market: no benchmarks exist for pricing

GRID N —_— —
_— RENEWABLE MWH —
RENEWAEBLE ENERGY MWH = :I
ENERBY MWH + 1=
ADITIONAL —
{_
DFFSITE RENEWABLE MWH TO MEET 5 CORPORATE FACILITY
ENERGY PROJECT —_— CORF, DEMAND

FPA CONTRACT

58

21/06/2018 Page 9
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Corporate PPA

 From 2008 to 2017, RE capacity
installed with grandfathered

corporate PPAs reached a total of Corporate PPas under grandfathered
3.4 GW rules(2008-2017)

» Large dominance by wind, but MW
solar is starting to become

attractive -

« Users shy away from signing long
term PPAs (because of uncertainty

in CFE price development and lack

of historical data) and typically only l I

want to commit to 2,3 and in some T

rare cases 5 years 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

=Wind »Biomass & Waste = Geothermal =Small hydro = Solar

Source: CRE, Bloomberg New Energy Finance

21.06.2018 Mexico's Push for Solar: Power Plants and Distributed Generation Page 10



Capacity
15-year contracts on offer
Bids in $/MW

Firm capacity, able to
generate at the system’s
100 most-critical hours

Projects sign a contract to
have a given amount of
capacity available at a
determined zone and
dispatch electricity to the
spot market when required

Energy
15-year contracts on offer
Bids in $/MWh

Only clean energy
technologies to participate
in the auction (both
baseload and intermittent)

If the source is intermittent,
hourly benchmarks
references (factores de
ajuste horario) will be
applied to determine final
revenue

Non-intermittent source
pricing is much simpler
with contracts paying at a
straight $/MWh rate.

.. ‘!'|39‘|‘
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4
Deutsche Gesellschaft
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CEL
) ¢

20-year contracts on offer
Bids in $/CEL
Clean energy-only

Projects may be located in
any part of the grid system

Page 11



Auction results

K?F

Auction 1st (2015)(2nd (2016 3rd (2017
Expected Investment (billion USD)? 2.6 4 2.4
Solar PV < 21 2.5 16 >
Wind 0.5 — L5 0.8
Products traded / Buyer CFE CFE CFE Non CFE
Capacity (MW/year) 0 1,187 592
Solar 0 184 10
Edlica 0 128 83
Energia (MWh/afio) 5,402,881 8,909,819 5,003,172 489,403
Solar 4,018,860 4,836,597 3,040,028
Edlica 1,384,021 3,874,457 2,452,547
CEL (CEL/afo) 5,380,911 9,275,534 5,422,185 530,390
Prices (USD/MWh+CEL)
Solar Weighed avg < $45.06 $31.89 $20.7D
Solar Min $35.46 $25.70 $18.90
Solar Max $68.16 $37.60 $23.30
Wind Min $42.85 $32.00 $17.76
Wind Max $66.92 $39.20 $19.55
Exchange rate (MXN/USD) $17.32 $19.152 $19.185
Sum peak capacity of winning plants (MW) 2,085 3,883 2,562
Solar 1,691 1,853 1,323
Wind 394 1,0382 6893
Geothermal - 25 -
Hydro - 684 -
Combined Cycle - Nat Gas (capacity only) - 899 -
Turbogas (capacity only) - - 550
Total projects 16 22 16
Solar 11 17 9
Wind 5 5 5

cooperacuon ‘

alemana
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4,018,860
, 74.38%
1st Auction
1,384,021
, 25.62%
4,836,597 3,874,457
» 34.28% 2"d Auction , 43.49%
\ 198,765 ,
2.23%
3,040,029 2,452,547

, 55.35%

3rd Auction 44.65%

Solar
= Wind
m Geothermal



F \ - coope%sf‘

= _ ...... \ Iznths llhﬂ
o ternatio
S alemana g ammenreo 612) i

DEUTSCHE ZUSAMMENARBEIT

1era Subasta 2da Sybasta

Compainiias: Compainiias:
11 compafias ganaron 18 ofertas 23 compaiiias ganaron 56 ofertas
en 7 estados de la republica. en 8 estados de la republica.

- 1 * - .

. $ ; Inversiones: Inversiones:

-’ 2.6 mil millones USD (en 3 afios). 4 mil millones USD (en 3 afios).

Capacidad: Capacidad:

2,085 MW de capacidad 2,871 MW de capacidad
Energia: Energia:

5,403 GWh/afo 8,910 GWh/afio

CEL: CEL:

5.38 millones de CEL/afo 9.28 millones de CEL/afio
Potencia: Potencia:

No se asigno. 1,187 MW/afo

3era Subasta

Compaiiias:
9 compaiiias ganaron 16 ofertas
en 8 estados de la republica.

Inversiones:
2.4 mil millones USD (en 3 afios)
en 15 nuevas centrales eléctricas.

Capacidad:
2,562.5 MW de capacidad

Energia:
5,493 GWh/afio

CEL:
5.95 millones de CEL/ano

Potencia:
592.61 MW/aho

21/06/2018 GIZ - Programa Energia Solar a Gran Escala en México (DKTI Solar) Page 13
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Locations of winning bids — 18t auction

Coahuila:

2 Proyectos - 580 MW
Energia: 1,710.9 GWh
CEL: 1,710,913

* Acciona fue la dnico empresa quign presento pora una misma central los productos de Energia ¥
CEL por separados. Algunes estudios errdneamente indican gue se trato de 2 centrales.

** Sunpower gand dos ofertas separadas para une misma central (Tieul 1), de igual manera que
el punto anterior, la copocidad sdlo se toma como 500 MW y no 1000MW coma en algunos

Baja California Sur:

1 Proyecto - 23 MW estudios, r :
Energia: 60.97 GWh T livas: Yucatan:
CEL: 60,518 amaulipas: 8 proyectos: 844 MW

1 Proyecto* - 168 MW
Energia: 585.73 GWh
CEL: 585,731

4 Solar** - 618 MW

4 Edlico — 226 MW
Energia: 1,818.62 GWh

L CEL: 1,802 440

Aguascalientes:

1 Proyecto - 63 MW
Energia: 140.97 GWh
CEL: 140,970

Jalisco:
1 Proyecto - 100 MW
Energia: 277.49 GWh

CEL: 277,490
Salar FV (1691 MW) | r - -
uanajuato:
Edlica (394 MW) 2 Proyectos - 307 MW -
Energia: 808.19 GWh
CEL: 802,849

Page 14
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Locations of winning bids — 2"d Auction

giz

Chihuahua:

3 Proyectos — 395 MW 3 Proyectos — 329 MW
Potencia: 29 MW Potencia: 34.3 MW
Energia: 1,081.71 GWh | Energia: 839.83 GWh

Sonora:

Baja California:
1 Proyects - 41 MW
Energia: 114.12 GWh
CEL: 117,064

CEL: 1,081,708 CEL: 839,826

Coahuila:

1 Proyecto — 82.5 MW
Energia: 213.66 GWh
CEL: 213,655 +

Texas: Ciclo Combinado
1 Proyecto® — 505 MW
Potencia: 474.93 MW

Sonora: Ciclo Combinado
1 Proyecto — 394 MW
Potencia: 384 MW

-

3 * 474,93 M1
Nueva Leon: Frontera Mesico ofrecid y gand 474,93 MW de potencia

de su central de cich “Planta Frontera
DEPFT-PTA" de 5005 MW, 5in embarga, b plania se encuenire en
Texas ademds de yo encontrarse operocidn.
** El proyecto en conjunto de Envisidn p Vive Energio gand en la
Primero SLP una oferta de il gioy CEL e
su centrol “Energia Renovable de o Peninsula SAP.L de CV." en
o Segunda SLP o misma planta gand dos ofertas de vento de
Patencia, La capacidad de 90 MW de estd central nose contabiliza
para esto Subasta toda ver que yo se incluyd en lo Primera..

1 Proyecto — 249 MW
Potencia: 76.74 MW

Energia: 820,64 GWh
CEL: 774,938

Tamaulipas:

3 Proyectos — 537 MW
Potencia: 21.62 MW
Energia: 2,235.56 GWh
CEL: 2,235,555

| Yucatan: ~ ~ |
| |1 Proyecto™ - 80 MW |
| |Potencia: 26 MW |
|
I

San Luis Potosi:
1 Proyecto — 300 MW
Energla; 779.16 GWh
CEL: 778,181

Aguascalientes
5 Proyectos - 545.67 MW
Potencia: 84.6 MW

Energia: 1,418.89 GWh
CEL: 1,512,727

Guanajuato::

2 Proyectos — 90 MW
Potencia: 22 MW
Energia: 219.88 GWh
CEL: 219,876

Michoacan::

1 Proyecto - 25 MW
Potencia: 25 MW
Energia: 188.76 GWh
CEL: 198,764

Solar FV (1853 MW)

Morelos::
1 Proyecto - T0 MW
Potencia: 14 MW
Energia: 169.37 GWh
CEL: 168,365

Edlica (1038 MW)*
Geotérmica (25 MW)
Hidroeléctrica (68 MW)

Ciclo Combinado (835 MW) Puebla::
6 Proyectos — 68 MW

CEL: 314,631

Tamaulipas:
1 Proyecto — 252 MW
Energia: B18.26 GWh
CEL: 818,264

Deutsche Gesellschaft
fiir Internationale
Zusammenarbeit (61Z) GmbH

Page 15
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Locations of winning bids — 3rd Auction

Chihuahua:

1 Proyecto — 150 MW
Potencia: 0 MW
Energia: 379.6 GWh
CEL: 434,486

Sonora:
4 Proyectos — 498 MW
Potencia: 10 MW

Energia: 1,161.5 GWh
CEL: 1,303,665

Coahuila:

1 Proyecto - 349.47 MW
Potencia: 0 MW
Energia: 1,240.7 GWh
CEL: 1,240,727

TP I * El proyecto de 168 MW de Acciona (Central El Cortijo) gand
:J;I reovgc‘t)i'o n: aferta para la venta de CEL y Energia durante la SLP2015, porlo
WI¥1 d-2 4-4 MW que en estd ocasidn dnicamente se oferté Potencia Firme.
Turbogas - 550 MW
Potencia: 499.95 MW

Tamaulipas:

*2 Proyectos —

263. 7MW

Potencia: 8
Energia: 362.9 GWh
CEL: 391,805

Zacatecas:
1 Proyecto .3 MW
Potencia: 0 MW
Energia: 189.9 GWh
CEL: 189,928

Aguascalientes:

Solar FV (1323.3 MW) P

Edlica (857.17 MW) Potencia: 0 MW
Energia: 822.7 GWh
Turbogas (550 MW) CEL: 1,018,084

Tlaxcala:
1 Proyecto — 200 MW
Potencia: 0 MW
Energia: 486.3 GWh
CEL: 524,997

Page 16
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Camara de Compensacion - Clearing House ~ge .

Objectives \ /

= Risk management mechanism: reduced off taker risk, m‘_’_”
increased bankability \

= Centralized contract administration m Q

= Facilitate purchase for buyer other than CFE "V

Design CFE @

= Counterpart of all contracts (middleman for buyer and R 7,

ller
s€ e) \ Camarade

. - T - Compen-
» Receives and administers individual guarantees sa&%n

= Net neutral payout position

= Centralizes management of payment and collection

21.06.2018 Prasentationstitel hier eintragen Page 17
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Direct sales in Spot Market

= PML: National Marginal Cost + Congestion charges + Losses
= Mexico counts with 2384 different nodes, each of which has different LMP
= Prices vary hourly

= Electricity prices are highest in the Baja California Peninsula due to fewer generation options and
missing interconnection to neighboring regions

= There is a summer price peak because of high demand
= Merchant risks is a barrier for bankability

Som Ooegit L e T ' ¥, Average Modeled LMP for given Nodes (2016 - 2033)
‘{‘""”ﬂ Mexican Electricity Prices (January - June 2016) AN
Price ($/MWh) e aY N it oUIANA o 120
(% <48 ghgermonsio ' : : o
(% 48-49 C ‘ 100
(™ 49-51 ' %0
(% 51-53 K -
- : = —@— LaPaz
(% 53-55 . "o 2
(% 55-57 ® é —@— Los Cabos
. )
i ® A0 A A A A A A A A A A A A A A A A A A —@— Tamazunchale
59 -61 -
p Guadalajara
(3 61-63 4 & »1‘““ 20
(™ 63-65 i - o
™65+ S 1 “%"‘ . 8_ 0
& aj Ean- ‘\ BELIZE 0 2 4 6 8 10 12 14 16 18 20 22 24
b oy g’ P vond Hour
Sour¢€: EIA; PRODESEN [ AR R
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