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Market-value of Renewables in the Young Mexican Power Market

David Talavera-Zabre! - Independent Researcher®, México

This research aims to find the effect that renewables have to reduce the electricity price (the merit-order effect,
“MOE”) in the Mexican electricity market. Using data from January 1st of 2017 to December 31stof 2019, a linear
regression model was used to test for empirical evidence of the “MOE”. Results show a “MOE” of
MXN$0.10/MWh per MWh of renewable generation. Scaling to the average renewable generation, the average
“MOE” is 13.5% of the average electricity price. There’s evidence that the “MOE” is non-linear and that is
different across wind and solar energy. The market value of renewables was only 93% of the market value of

the system. Stakeholders should differentiate the average electricity price from the price received by each power

Abstract

plant. As the “MOE” becomes an integral part of investment assessments, investment behaviour will change,
impacting the future of the energy mix. To my knowledge, this is the first “MOE” research regarding a young and
growing power market with warm weather (fundamental differences from previous research).

JEL Classification: Q41, Q42.

Keywords: Power market, renewables, merit order effect, renewables market value.

Valor de las energias renovables en el joven mercado mexicano

Esta investigacion pretende encontrar el efecto que las renovables tienen para reducir el precio de la\
electricidad en México (“merit-order effect” o “MOE”). Usando datos del 01 /enero/2017 al 31/diciembre/2019,
se usé un modelo de regresidn linear para examinar empiricamente el “MOE”. Los datos muestran un “MOE” de
MXN$0.10/MWh por MWh de renovables. Escalando al promedio de generacion renovable, el “MOE” promedio
es 13.5% del precio promedio de la electricidad. Hay evidencia de que el “MOE” no es linear y que es diferente
entre la energia edlica y la energia solar. El valor de mercado de las renovables fue solo 93% del resto del
sistema. Las partes interesadas deberian diferenciar entre el precio promedio de la electricidad y el precio
recibido por cada planta. Conforme el “MOE” se convierta en un parte integral de la evaluacion de inversiones,
el comportamiento de los inversionistas cambiara, impactando el futuro de la mezcla energética. A mi saber, es
el primer estudio del “MOE” en un mercado eléctrico joven y en crecimiento en clima célido (diferencias
fundamentales con investigaciones anteriores).

Clasificacion JEL: Q41, Q42.

Palabras clave: Mercado eléctrico, renovables, orden de despacho eléctrico, valor de mercado de
renovables.
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1. Introduction

1.1 Renewables investment is stagnating

Driven by falling costs and economic attractiveness, renewables! are at the heart of the world’s
energy transition. Renewables are an economical answer to address climate change and energy
security issues (IRENA, 2016). They are a fundamental part of the UN 2030 Sustainable Development
Goals. Although there is high optimism regarding the continued deployment of renewable energy
technologies, investments have started to slow down. After peaking in 2015, investments in
renewable energy decreased from USD 318.8 billion to USD 288.3 billion in 2018 (IRENA, 2021).
Some researchers note that renewables face a significant and unique problem for their future
deployment: as penetration grows, its value to the system decreases. A problem better explained by
the phrase: “the next PV panel will only generate more lunch-time electricity when dinner-time
electricity is what is really needed” (Sivaram, 2018).

1.2 Renewable energy decreasing value

The decrease in the value of renewables has been investigated with academic rigour. In competitive
electricity markets?, the amount of the decrease of the value can be measured in monetary units per
energy units (e.g. $/MWh). Academic studies around the world have found that renewables depress
electricity prices (“Price”) given their low marginal costs. The extent up to which renewables depress
Price depends upon characteristics of the power market (i.e. demand patterns and misalignments
with supply, flexibility of the system and the current energy-mix). The intermittency characteristic
of renewables and the fact that electricity physical laws determine that electricity must be supplied
at the moment it is produced, aggravate the problem3. Some studies have found that the value of
renewables, measured by the price renewables received for the electricity generated, is already
below the average electricity value. Most of these studies have been made in mature markets like in
Europe or USA, in a context with stagnated or decreasing electricity demand, energy-efficiency
improvements, demand patterns sometimes aligned with little sunshine and cold winter weather or
where renewables already account for a large share of the generation mix (see: Sensfuss, Ragwitx,
Geneoese, 2008; Gelabert, Labandeira & Linares 2011, Wiirzburg, Labandeira & Linares 2013; Clo,
Cataldi & Zoppoli 2015; Lopez Prol, Steininger & Ziberman 2020).

1.3 Geographic context: Young Mexican Wholesale Electricity Market

For the most part of the XX century and the first decade of the XXI century, the power sector in Mexico
was restricted and included very little participation from the private sector. There were no electricity
markets, and prices and tariffs were set by the Ministry of Finance (Alpisar-Castro & Rodriguez-
Monroy, 2016). The 2013 Energy Reform modified several laws to allow the participation of private
firms in the energy sector as well as the creation of a wholesale electricity market (see: KPMG, 2016).
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Although the implementation policy is being revised%, there has been an increase in
renewable electricity generation. In 2012, at the time of the Energy Reform, clean powers in Mexico
accounted for 15% of generation. In 2018 23.2% of electricity was generated by clean technologies,
4% was from wind power (“Wind”) and photovoltaic (“PV”) and 942MW of Wind and 1,316MW of
PV were added to the market mix (SENER, 2019).

Throughout that time, most of the renewable generation projects were developed around
long-term Power Purchase Agreements (“PPAs”) with high quality off-takers (i.e. an investment-
grade commercial or industrial client that would signed a 15 to 20 years contract to buy electricity
from the generator at a fixed price). Some of them with CFE, the State-owned electric utility as the
result of contract auctions. The PPAs helped these projects as an anchor to find financing and this
sort of structure, with most of the revenues coming from PPAs, became mainstream within banks
and equity investors. More recently, high-quality PPAs have become scarce as most investment-grade
off-takers have secured their electricity needs and State contract auctions have stopped (Bancomext,
GIZ, Kfw, 2019).

This context has pushed projects to the wholesale electricity market, becoming increasingly
important that financing parties have a clear understanding of the market and the pricing
mechanisms to make proper assessments of projects with market risks.

1.4 Objective

This research aims to find the depressing effect on the electricity price renewables have in the
Mexican wholesale electricity market (i.e. renewables “merit-order” effect; the “MOE”) and their true
market value (i.e. the price received for the energy generated compared against the price received by
other power sources; “MV”), following the creation of the wholesale electricity market. The objective
is to close a gap in the literature about a power market where i) demand is not in stagnation but is
increasing, ii) demand is theoretically aligned with warm weather conditions and iii) where
renewables do not yet account for a large share of generation (characteristics of the Mexican
electricity market and many other markets of which no academic research has been done).
Furthermore, the power market in Mexico has only been operating freely since the end of January of
2016 and there is not yet a study that portrays the value of renewables in that market during this
time. Finally, this research aims to be significant for debt and equity investors in the Mexico power
sector as the need to finance renewable projects with market-risks and without PPAs arises, as well
as to investors and policymakers in other power markets with similar characteristics.
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2. Literature review: Integration of renewable power in the
wholesale electricity-market

2.1 Basis of wholesale electricity-markets

In the short-term markets, the price of settlement is the “spot price” of electricity. The system
operator (“SO”) selects the offers based on their price, from cheapest to most expensive (i.e. least-
cost dispatching rule). The sell offers theoretically reflects their marginal cost. All dispatchable units
(i.e. offers selected by the SO) receive the same Price (for each specific time, space and settlement-
time). This means that the last offer to be selected (i.e. the production unit that serves the last unit
of the required loads) is the one that sets the Price for all selected units (the “marginal plant”). All
generators that are below the intersection with the demand curve are selected to be dispatched and
receive the same Price for the amount of power produced. This pricing mechanism is repeated every
period, which is a pre-determined time-interval (one hour in the Mexican market).
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Figure 1. Clearing Prices Process
Source: own making

2.2 Merit-order effect

2.2.1 Theoretical review of the merit-order effect

Jensen and Skytte (2002) introduce the decreasing-effect of renewable power in electricity prices.
Theoretically, the increase in intermittent non-dispatchable renewable energy (i.e. sources whose
output cannot be control as in the case of wind and solar) generation should reduce the electricity
price given its close-to-zero marginal cost (see: Jensen and Skytte, 2002; Sensfuss, Ragwitx,
Geneoese, 2008; Nicolosi & Fiirsch, 2009). When renewables are generating, they are place at the
beginning of the supply stack. This pushes more expensive units out of the intersection with the
required demand, therefore the last unit to be selected to meet the required demand is cheaper than
in a scenario without renewables. This came to be known as the “merit-order effect”.
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Figure 2. Merit-Order Effect
Source: own making

2.2.2 Merit-order effect empirical studies - historical data tests

Several empirical studies have been made to test the data with similar approaches. Although results
may vary, they consistently find a MOE.

Woo, Horowitz, Moore & Pacheco (2011) do one of the first empirical-based studies of Texas
with data from 2007 to 2010 and explore the effect that Wind has on the market with high frequency
observations at 15-min resolution?; they find that 100MWh of Wind reduces Price between
US$0.32/MWh and US$1.53/MWh depending on the Texas zone. Gelabert, Labandeira & Linares
(2011) study the effect of renewables jointly with cogeneration under a support special regime in
Spain from 2005 to 2010; they find that 1GWh increase of generation under the mentioned special
regime is associated with a reduction of €1.9/MWh. Welisch, Ortner & Resch (2016) do the first study
for a single regression model that can be applied in several markets and provide a multi-country
analysis, with data from Germany, Ireland, France, Belgium, Spain, U.K. and Denmark; their model
seems suitable for assessing the MOE in the European context, yet country-specific variables seem to
play a roles. Clo, Cataldi & Zoppoli (2015) study the Italian wholesale electricity market from 2005 to
2013 and explore the effect of wind and solar generation independently; they find that 1GWh
increase of PV reduces Price by €2.3/MWh while 1GWh increase of Wind reduces Price by
€4.2/MWHh. These studies consistently find that renewable electricity generation has a negative effect
on electricity price (i.e. the MOE).

Several other factors have been found to affect Price. Local electricity demand (i.e. zone load;
“Load”) has significant explanatory power over Price. As expected, an increase in demand is related
with an increase in price. Even in the same market, different zonal loads may show significant
different impacts over Price, although all of them show a positive effect over Price. (see: Woo,
Horowitz, Moore & Pacheco 2011, Gelabert, Labandeira & Linares 2011). Given that the electricity
markets follow seasonal patterns, most ex-post studies use day-of-the-week and month variables to
control for seasonality and these variables have shown to have a large explanatory power of the
electricity price (see: Gelabert, Labandeira & Linares 2011, Wiirzburg, Labandeira & Linares 2013).
Demand and seasonality alone can explain up to 50% of the Price (see: Clo, Cataldi & Zoppoli, 2015).
Given the “least-cost dispatching rule”, the output of dispatchable power plants is endogenous with
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Price, yet, their fuel costs are exogenous. The fuel cost of dispatching generators has a positive
relationship with Price, nevertheless, the strength of their explanatory power depends on the matrix
of the system and the usual marginal plants (see: Woo, Horowitz, Moore & Pacheco 2011, Cl9, Cataldi
& Zoppoli, 2015). Price is also positively influenced by the price of previous dispatching intervals,
whether it’s the previous dispatching interval (see: Woo, Horowitz, Moore & Pacheco 2011) or the
Price of a comparable time (see: Welisch, Ortner & Resch 2016). Furthermore, Price has been found
to be related with base-load non-dispatchable generation (e.g. nuclear) (see: Woo, Horowitz, Moore
& Pacheco 2011) and transmission across markets and borders (i.e. net exports) (see: Wiirzburg,
Labandeira & Linares2013).

Gelabert, Labandeira & Linares (2011) explore the effect of renewables over prices at
different levels of demand (i.e. data sets of different quartiles of demand) and find that the effect is
greater when demand is higher. Welisch, Ortner & Resch (2016) add squared-terms of demand and
renewable generation to allow for different levels of price elasticity, although they find neither of
them to be economically or statistically significant. Lopez Prol, Steininger & Ziberman (2020) explore
non-linearity through both methods (different data sets and quadratic terms) and find relevant
results (although their model is more focused on MV - a topic explained in the following sections -
and cross cannibalization). These studies have found that at different levels of demand and at
different levels of renewables penetration, the MOE may be different (i.e. a non-linear MOE).

A recurrent issue is the different MOE causes and effects between Wind and PV. Lunackova,
Prusa & Janda (2017) find that PV has a slight increasing relationship with Price while the rest of
renewable power does have a decreasing effect. Hirth (2013) finds that PV’s MV falls from above the
average electricity price to around half of that at a faster rate than Wind’s MV in Europe. A similar
conclusion can de derive of Lopez Prol, Steininger & Ziberman (2020)° with non-linear results in their
study in California. Yet, Wiirzburg, Labandeira & Linares (2013) find no difference between the MOE
of Wind and PV. Although both technologies are intermittent in nature, their production profile varies
significantly. In one year, around 80% of PV is produced in 26% of the time, whereas 80% of Wind is
produced in 47% of the time (Hirth, 2015). The implication is that the nature of Wind’s MOE is
different from that of PV’s. Depending on demand patterns, whether they are aligned with warm
weather, air conditioners during the day, long-sunshine days, or with cold weather, heating systems
during the night, and few hours of sunshine, PV and Wind will have different MOE (MIT Energy
Initiative, 2015). PV generation may not be enough to push the marginal plants out of the dispatching
curve, therefore not causing a MOE (Lunackova, Priisa, & Janda, 2017). Wind may benefit from PV
due to pronounced ramping costs when the sun goes down, therefore wind may not reflect a MOE
(Lopez Prol, Steininger, & Zilberman, 2020).

These empirical studies are the base of the methodology of this research, although several
other studies have found a conclusive MOE using other empirical model specifications (see: Sdenz de
Miera et al. 2008), studying the interaction with climate-change/energy-related policies (see: Weigt,
2009; Linares et al.,, 2008), as well as in simulation-based studies (see: Sensfuss, Ragwitz & Geneoese
2008)1o,

A comparison of some of these methodologies is shown in Annex 1.
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2.3 Market-value of renewable power

2.3.1 Theoretical review of the real market-value of renewables

Hirth (2013) and Hirth (2015) explain the MV of electricity as the average spot price in the respective
market, given in currency over electricity units (e.g. €/MWh), received by the technology or power
plant in question. This definition implies that there’s a different MV for each power plant depending
on their supply and demand interaction context. Hirth (2015) addresses the issue of the real MV of
renewable energy on the basis that it is “not correct to assume that 1) the average price of electricity
is the same as the average price of electricity from renewable sources, or 2) the price that different
technologies receive is identical”. Furthermore, he introduced the “value-factor” concept as a tool to
compare MV of a specific technology or power plant against the average spot MK (the “VF”).

2.3.2 Renewables real MK empirical evidence

Based on the MOE, empirical studies have been made that consistently show that the MV of
renewables is below the average MV.

Hirth (2015) does an empirical analysis of the true MV of solar in Germany. He finds that PV’s
VF decreases between 2.2% and 5.5% per 1% increase of market-share (depending on the method).
Further, the results show that at low penetration rates, PV’s MV is greater than the average electricity
MV in Germany, but that it rapidly decreases below the average when it’s market-share increases.
This decrease is much steeper for PV than for Wind. Welisch, Ortner & Resch (2016) find the MK of
wind electricity to be 90% of the average MK in Germany in 2012, whereas the MV of PV was above
the average MK, at 106% of the average. Lopez Prol, Steininger & Ziberman (2020) find that the VF
of solar energy!! decreases 4.1% per 1% increase in penetration and the VF of Wind decreases 0.9%
per 1% increase in penetration. Interestingly, at different levels of penetration, whereas penetration
of wind causes that both the value of wind and solar decrease, the penetration of solar causes a
decrease on its own but not on wind’s value, which may be due to their opposite generation patterns
(i.e. solar generation concentrated in day-time and wind generation distributed across all 24 hours)
and the ramp-up of gas turbines at night-fall that causes a price spike.

These studies add to the evidence of the different nature of the MOE between Wind and PV
and its relevance at different levels of demand and generation.
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3. Methodology of this research

3.1 Merit-order effect empirical research methodology

For the MOE estimation in the Mexican wholesale electricity-market, I use different specifications of
a multivariate linear regression model (based on the methodologies compared in Annex I). The
multivariate linear regression methodology has proved effective to understand the historic drivers
of electricity price in the before mentioned studies and the variables chosen for each model
specification have proved to be significant within those studies.

P, = By + BiRenew; + B,Load; + ,ControlVars; + B,dummies + & (D
Py = By + BiWind, + B,PV; + B3Load; + S,ControlVars, + [,dummies + & (2)

PL' = ﬁo + ﬁ1Wlndt + ﬁlend? + B3PVL' + B‘l-PVtZ + BSLoadt + ﬁGLoad? +
ByxControlVars, + B,dummies + & (3)

Where:

P = Price

Renew = Wind Electricity + PV Electricity

Wind = Wind Electricity

PV =PV Electricity

Load = Demand of Electricity

ControlVars = control variables (i.e. Gas Price, Lagged Electricity Price and trend)

x = subindex that refers to different coefficient estimators of the different control variables.
dummies = seasonality control variables (i.e. week-day, month and holidays)

z = subindex that refers to the different coefficient estimators of the different “dummies”
t = load-time

Price is the dependent variable. It is called Local Marginal Price (“PML” for its Spanish
acronym) in the Mexican Wholesale Market. It is the price of the day-ahead market. The day-ahead
market was chosen over the hour-ahead and the real-time markets given that it represents a larger
share of the trading volume (see: Gelabert, Labandeira & Linares 2011). Price moves across the space
dimension (i.e. node of Load - see: Hirth, 2015), to deal with this, the average of price of each node is
taken. P is the average wholesale price of all nodes of the National Interconnected System (“SIN” for
its Spanish acronym, that is the electric system that comprises ~99% of total Load of the Mexican
electric system), of the day-ahead market, given in Mexican Peso over MWh ($/MWh) at a given
timel2 ¢t

Renewable electricity generation is the explanatory variable of main interest. The main aim
of this research is to find how much the price is affected by renewable energy. The data is taken from
the day-ahead forecasts composed by the SO, based on information provided by the generators. The
data shows the forecast of intermittent non-dispatchable generation separated by source (i.e. PV and
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Wind). Renew is the sum of the day-ahead forecast of generation of all renewable generators of the
SIN (separately by Wind and PV or jointly depending on the model specification) given in MWh13,

Demand is another explanatory variable. Basic economic theory explains that when demand
grows price increases, and this has proved to hold true in other studies. Load is the sum of the day-
ahead forecast of demand of all nodes of the SIN, given in MWh14.,

Natural gas price, lagged electricity price and a trend variable are used as control variables
since the price of other energy goods and the electricity price of the previous day are valuable
indicators of the electricity price (see: Woo, Horowitz, Moore & Pacheco, 2011; Welisch, Ortner &
Resch, 2016), although the interpretation of these variables is beyond the scope of this research. In
the Mexican wholesale electricity market, more than 80% of power is generated by fossil fuels, and
natural gas represents more than 50% of the fuels used for conventional power generation (CENACE,
2017), while gasoline represents 21% and diesel 20%. Since gasoline and diesel data were not
available at the needed frequency, and both products are subsidized, natural gas was used as the only
control variable for other energy goods. The variable used as gas price is the average natural gas price
published by PEMEX (the national government-owned Oil & Gas company) of the previous day (to
deal with the forecast nature of the day-ahead market)!5 across all different distribution zones and
injection points?é, given in MXN/GJ. The variable used as lagged electricity price is a 24-hour lag of
the electricity price variable P.

Consistently with the literature, monthly, weekly and holiday dummies are used to control
for seasonal and weekly demand patterns.

3.2 Data selection and presentation

The period chosen for this study is the period from January 1st, 2017 to December 31st, 201917. These
are the first three complete years that the Mexican wholesale electricity market has been operating.
Data is in hourly resolution and variables are in levels. Finally, the explanatory variables should
match the characteristics of the day-ahead price, therefore the explanatory variables are the day-
ahead forecast (except for gas price).

3.3 Econometric review and limitations

Following Gelabert, Labandeira & Linares (2011) example, a variation of the main regression was
made using first differences instead of levels that proved not to be a good fit for the data (i.e. RZ =
0.132).

Following Welisch, Ortner & Resch (2016) example, a regression using exports of electricity
was tested that proved not to be either economically or statistically significant (the SIN is not a
significantly interconnected system, less than 0.01% of Load is exported).

Missing variables are a limitation. CENACE notes that the implied heat rate, the availability of
natural gas in the southwest of Mexico, and the saturation of the nodes and congestion of the system,
are all determinants of the PML. Although these variables remain in the error term (i.e., &), a lot of
the information they provide is captured through other explanatory variables via collinearity.
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To test for the normality of the residuals, a graphic test was used (results showed a normal
distribution of the residuals). To test for heteroskedasticity, a Breusch-Pagan test is used (results
showed heteroskedasticity in the residuals, i.e.,, the null hypothesis of constant variance was
rejected). To test for serial correlation a Durbin-Watson test is used (results showed positive
autocorrelation, i.e., DB test = 0.36). Further, a Breusch-Godfrey test was used (results showed the
null hypothesis of no autocorrelation was rejected). The estimators of the regression aim to be
asymptotic-valid. The assumptions are as follows: i) the time series is linear in parameters; ii) there
is no perfect correlation within the variables, nor very high collinearity; iii) the time series is
stationary; iv) there is no strict exogeneity; v) there is weak stationarity (i.e., covariance stationarity:
their expected value, variance and covariance are constant over time); vi) the time series is weakly
dependent (i.e. observations can be related as long as the relation is weaker when they are further
apart in the sequence, therefore, with a large sample, we get the complete picture of the relation of
the variables). To deal with heteroscedasticity problems and autocorrelation, serial-correlation-
robust standard errors are computed and reported in the results to test the probability that the
estimators are zero. The estimators of the regression cannot claim causality as the variables are not
strictly exogenous nor all the classical assumptions of the Gauss-Markov Theorem are met to claim
they are the best linear unbiased estimators. Nevertheless, given all the assumptions and tests
mentioned, the estimators are consistent, tending to the real value and statistically significant.

3.4 MV of renewables methodology

As in Welisch, Ortner & Resch (2016), I compute the MV of renewables. Following Hirth (2015),
comparing that figure with the average electricity price is of the interest of this research.

I_, (generation)+pricep,)

Market Value® = = — (4)
IJ_, generation},
heq (loadp*pri
Wholesale Market Value = Zh=1(02dnpricen) (5)
Xp-q loady
Market Value®
Value factort = arket Value (6)

Wholesale Market Value

Where:

h =load-time

t = technology

generation = production of respective technology

load = demand in the wholesale electricity market

price = wholesale electricity-price at respective load-time

The amount of renewable generation is multiplied by the electricity price at the respective
hour it was generated. That process is repeated for every hour and every day of the period and sum
altogether. This yields the true total value of the renewable generated energy in the period. That



Revista Mexicana de Economia y Finanzas, Nueva Epoca, Vol. 17 Issue 4, pp. 1- 27, €795 11
DOI: https://doi.org/10.21919 /remef.v17i4.795

figure is then divided by the sum of all renewable generation of every hour of every day. This yields
a generation-weighted average Price received by renewables (i.e. its MV). That figure in then
contrasted with the load-weighted average Price of the market (the Wholesale MV or the Load’s
MV)18 to yield a VF of renewable electricity. This is made for both Wind and PV jointly as well as
separately.

Furthermore, [ conducted a scenario analysis expanding the penetration of renewables to see
how it would affect their MV (a similar approach used by Jain & Shrimali, 2022).

4. Data presentation of the Mexican wholesale electricity-
market

The summary statistics are presented in the following table. Correlation statistics and data graphs
are presented in Annex 2.

Table 1. Summary Statistics

Summary Statistics

Variable mean sd p25 p50 p75 min max
Price (MXN$/MWh) 1357.26 669.86 866.52 1242.60 1694.03 0.00 7905.48
Load (MWh) 33838.53 | 4418.83 | 30747.14 | 33925.28 | 36975.00 | 18686.03 | 47245.72
Gas Price (US$/GJ) 3.26 0.57 2.96 3.23 3.43 2.26 8.19
Wind Electricity (MWh) 1465.38 690.38 874.73 1449.22 2012.29 125.12 4011.32
PV (MWh) 393.99 761.56 0.07 22.21 341.67 0.00 3301.88
Renewable Electricity (MWh) | 1859.36 1108.03 | 1005.18 1713.27 2336.24 158.00 6398.36

5. Analysis and interpretation

5.1 Merit-Order effect empirical analysis of the Mexican wholesale
electricity-market

Table 2. Merit-Order Effect Linear Regression Coefficients

(1) (2)
-0.0986***
Renewables
(0.00288)
] -0.144%%*
Wind
(0.00435)
-0.0625***
PV
(0.00405)
0.0664*** | 0.0648***
Load
(0.00112) (0.00112)
Gas Price 146.6*** 150.8*%*
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24h Price Lag (5.623) (5.620)
0.495%** 0.495%**
(0.00844) | (0.00841)
Weekly dummies v v
Monthly dummies v v
Holiday dummies v v
Trend v v
-2069.3*** | -1968.1***
-cons (35.58) (35.72)
# of observations 25771 25771
adj. R-sq 0.667 0.670

Table 2 presents the results of the MOE empirical analysis. The first model (equation 1) is the
classic MOE linear regression model. As expected renewable electricity generation is related with a
decrease in electricity price. Based on model 1, renewables show a negative and statistically
significant MOE of -MXN$0.10 per MWh. On average, renewables seem to explain a decrease of
MXN$183.33/MWh, holding all other variables constant. That is the mean MOE in the day-ahead
Mexican wholesale electricity market. To put it in perspective, the average MOE is 13.51% of the
average price.!? Given the different nature of Wind and PV, model 2 portrays the MOE of Wind and
PV separately (equation 2). The different MOE between these technologies is both economic and
statistically significant20. On average, Wind seams to explain a MXN$211.01/MWh decrease in price,
15.5% of the average price, while PV seams to explain a MXN$24.62/MWh decrease in price, just
1.8% of the average price. Overall, the models show a heteroscedasticity robust R2 of 0.66 - 0.67 and
the explanatory variables chosen are statistically significant at the 0.01 level. Extending the MOE
results based on equations from Table 2 yields the graphs shown in Figures 3, 4 and 5, portraying
what would be the impact of the MOE on the electricity price if renewables grew to different levels of
penetration.

MOE at different levels of generation
50864, 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500
$(100.00)
$(200.00)
$(300.00)

$(400.00)

Price (MXNS/MWh)

$(500.00)

$(600.00)

Renewable Generaton (MWh)

@ |Mpact on Price

Figure 3. MOE in the Mexican Market (based on equation 1)
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Figure 4. MOE in the Mexican Market (based on equation 2)

MOE at different levels of penetration (relative to Mean
Load)
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Figure 5. MOE in the Mexican Market relative to Load (based on equation 2)

5.2 Non-linear effects over electricity price

Based on the results of Gelabert, Labandeira & Linares (2011), Wiirzburg, Labandeira & Linares
(2013) and Lépez Prol, Steininger & Ziberman (2020), model 2 was further tested at different levels
of demand and at different levels of renewables generation, finding significant difference between
the lower and upper quartiles of Load, wind generation and PV generation (Table 3)21.
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Table 3. MOE at different levels of demand, wind and PV

(2) (2) (2) (2) (2) (2)
Low Load High Load | Low Wind | High Wind | Low PV High PV
Wind -0.114%%* -0.170%%* | -0.0910%*%* | -0.1271%** -0.112%%* -0.190%**
(0.00410) | (0.0115) | (0.00639) | (0.0138) | (0.00444) | (0.00905)
PV -0.0286*** | -0.0389*** | -0.0461*** | -0.0323*** 0.109** -0.117%%*
(0.00461) | (0.00742) | (0.00523) | (0.00494) | (0.0453) | (0.00865)
Load 0.0601*** | 0.0830*** | 0.0709*** | 0.0555*** | 0.0587*** | 0.0726***
(0.00111) | (0.00512) | (0.00138) | (0.00164) | (0.00120) | (0.00387)
Gas Price 115.1%%* 323.7%** 144 .5%** 139.1%** 103.2%%* 162.8%**
(5.004) (24.18) (7.849) (6.736) (5.307) (13.04)
. 0.474%** 0.518%*** 0.509%*** 0.412%** 0.506*** 0.427%**
24h Price Lag
(0.00876) | (0.0168) | (0.00987) | (0.0136) | (0.00955) | (0.0190)
Weekly dummies v v v v v v
Monthly dummies v v v v v v
Holiday dummies v v v v v v
Trend
-1650.6*** | -3231.9%** | -2125.4%** | -1485.6*** | -1587.8*** | -1954,1***
-cons (33.11) (203.8) (47.82) (56.10) (35.56) (102.6)
# of observations 19257 6512 19416 6355 19348 6423
adj. R-sq 0.651 0.465 0.648 0.703 0.669 0.681
Standard errors in parentheses
"'=p<0.10 "**'=p<0.05 "***"'=p<0.01

Following with these findings, quadratic forms of the variables were included in model 3.
Contrastingly with previous research, the non-linear effect of Load and renewable generation proved
to be statistically significant. Nevertheless, including these variables in the model undermines the
explanatory power of the linear form of wind electricity and demand (but not that of PV, explained

in the following sections), therefore another variation of the model was tested based on equation 7
(Table 4).

P, = By + BiWind? + B,PV, + B3PV? + ByLoad? + B,ControlVars, + f,dummies + &  (7)

Table 4. Non-linear MOE equation 7

(3) (7)
. -0.0212
Wind
(0.0159)
. -0.00004.09*** -0.0000472%%**
Wind?
(0.00000489) (0.00000133)
PV 0.103%%* 0.103%%**
(0.0126) (0.0126)
pV? -0.0000688*** -0.0000685%**
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(0.00000492) (0.00000490)
-0.00579
Load
(0.00741)
Load? 0.00000105*** | 0.000000963***
(0.000000115) (1.71e-08)
Gas Price 138.6%** 138.3***
(5.353) (5.360)
) 0.478*** 0.478***
24h Price Lag
(0.00844) (0.00840)
Weekly dummies v v
Monthly dummies v v
Holiday dummies v v
Trend v v
-823.2%** -931.0***
-cons (120.8) (22.67)
# of observations 25771 25771
adj. R-sq 0.675 0.674
Standard errors in parentheses
"*'=p<0.10 "**"=p<0.05 "***"=p<0.01

5.2.1 Demand’s non-linear effect

As expected, demand shows a non-linear relationship with Price. There is a significant difference of
Load’s coefficient at different quartiles of demand (Table 3)22 and the quadratic form of the variable
proved to be statistically significant (Table 4). Although it is beyond the scope of this research, at the
lower-end of the curve the impact of demand over price may reflect the fixed-costs of base-load
generators whereas the upper-end of the curve results may reflect ramp-up costs and fuel prices of
peak-load generators (see: Kwoka & Madjarov, 2007). This last point is further supported by the
significant difference in the gas price coefficient at different levels of demand (Table 5). When the
system is reaching peak-load, more plants are needed to supply the demand, therefore, peak-load
power plants, some of whose marginal costs reflect the gas price, are selected to be dispatched and
set the Price.

Load's impact over Price

__ 3000
2500
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1500
1000
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Price (MXN$S/MWh

15000 20000 25000 30000 35000 40000 45000 50000
Load (MWh)

Figure 6. Demand's impact over Price
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5.2.2 Non-linear MOE

The difference of the coefficients of renewable energy generation between the lower and upper
quartiles of demand implies that the MOE is larger when the system is closer to peak-load and closer
to maximum capacity (Table 3). When demand is high, costly peak-load plants are being dispatched
and they set the price, therefore a displacement of one of these plants of the intersection of the supply
and demand curve via more renewable generation has a greater impact in the electricity price than
when renewables are displacing cheaper plants (Gelabert, Labandeira, & Linares, 2011). Wind has a
49.1% higher MOE at the upper demand quartile compared against to the lower quartile, while PV
has a 36% higher MOEZ3.

Adding quadratic terms to the model allows to measure how the MOE of Wind and PV
increases as their penetration increases, as well as to see that the MOE of Wind and PV is different in
nature (Table 4). Based on model 7, on average, Wind seems to explain a decrease of
MXN$101.35/MWh, -7.5% of the average price, while PV is related with an increase of
MXN$29.95/MWh, 2.2% of the average price?4. These figures are significantly different from the
linear results of model 2, but, while the average MOE of both Wind and PV is not as large as in the
linear specification of the model (model 2), their MOE increases exponentially as penetration
increases. At 4000MWh of generation, holding all other variables constant, Wind would produce a
MXN$755.2/MWh decrease over the electricity price (Figure 7), significantly larger than
MXN$576/MWh based on model 2 (Figure 4). At 3000MWh of generation, PV would produce a
MXN$307/MWh decrease over the electricity price (Figure 8), significantly larger than
MXN$187.50/MWh based on model 2 (Figure 4).

The interpretation of PV’s non-linear MOE is more interesting. At low levels of penetration,
PV is related with an increase in price. This is shown both, with a linear model at the lower quartile
of PV (Table 4), and by the positive coefficient of the simple term of the variable of model (7) (Table
4). Itis only above 751.8MWh of PV that the next MWh of PV has a decreasing effect over Price, and
itis only beyond 1503.65MWh that PV is related with a negative MOE (Figure 6). The rational is that
when sunshine is low, PV is not enough to push more expensive power plants out of the intersection
with demand and bring the Price down. Furthermore, given that sunshine is aligned with demand
patterns in Mexico, when PV increases demand often increases more, making it more difficult for PV
to show a MOE. It is only beyond a high threshold that PV increases enough to offset the increase in
demand and show a MOE (see: Lunackova, Prusa & Janda, 2017). Beyond this threshold the effect of
PV is larger than Wind given that is highly concentrated in time (see: Lopez Prol, Steininger &
Ziberman, 2020; Hirth, 2013; MIT Energy Initiative, 2015).
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Wind's impact over Price
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Figure 7. Wind's MOE in the Mexican market (based on model 7)

PV's impact over Price
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Figure 8. PV's MOE in the Mexican market (based on model 7)
5.3 Renewables MV

The MK (i.e. generation-weighted average price received) of Wind and PV as a whole from 2017 to
2019 was MXN$1,313.31/MWh. The MK of Wind was MXN$1,283.03/MWh, whereas the MK of PV
was MXN$1,425.94. Standardizing to the Load’s MV (MXN$1,416.23)25, renewables’ VF is 0.93, 0.90
for wind power and 1.01 for PV.

Expanding the real MV of renewables to the deployment of more renewables, given model 7
MOE, yields the following results:
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Figure 9. Wind and PV VF in different Scenarios of Wind Generation Increase
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Figure 10. Wind and PV VF in different Scenarios of PV Generation Increase
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Figure 11. Wind and PV VF in different Scenarios of Both Wind and PV Generation Increase
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Figures 9, 10 and 11 are interpreted as follows: In each scenario of Wind, PV, or both
technologies increase of generation at different levels compared to the 2017-2019 data, given their
respective MOE and all other things equal, the changes in Price, Load’s MV, Wind MV and PV MV, yield
the graph changes in Wind and PV VF.

At scenarios with an increase of Wind (figure 7), all things equal, Wind MV rapidly falls below
80% of Load’s MV. At a 35% increase of Wind generation, its MV falls as low as 66.7% of Load’s MV.
For perspective, the 35% Wind increase only represents a change of Wind'’s share of Load from 4.3%
to 5.8%. At a scenario with a 15% increase of PV (figure 8), all things equal, PV MV, originally greater
Load Wind MV, falls to 90% of Load’s MV. At a 35% increase of PV, its MV falls below 84% of Load’s
MV. For perspective, the 35% PV increase only represents a change of PV’s share of Load from 1.2%
to 1.6%. Interestingly, no cross-cannibalization can be observed as in Ldépez Prol, Steininger &
Ziberman (2020), which is likely due to the fact the Wind and PV generation profiles in Mexico are
not as highly contrasting as in Texas (Annex 2). Nevertheless, it should be expected that MOE causes
higher-than-expected ramping requirements and that peak Price increase due to scarcity of
intermittent generation, therefore benefiting other power plants (see: Sensfuss, Ragwitz & Geneoese,
2008; MIT Energy Initiative, 2015) At a scenario where both Wind and PV increase their generation
by 70%, Wind’s MV falls as much as 49% and PV MV falls as much as 35%. For perspective, PV plus
Wind represented 5.4% of Load, a 70% increase means renewables would take 9.2% share of Load.

6. Conclusions

These results are in line with previous research and provide new evidence of the non-linear MOE and
the different implications of Wind and PV.

As already stablished, all dispatched generators get affected by the MOE, but the extent to
which they get affected depends on the hours they overlap with renewable generators. Renewable
generators get affect by the MOE with every unit of power they produce and therefore every power
unit they produce is less profitable than the previous one (subject to pushing more expensive power
plants out of the intersection). Stakeholders should differentiate the average Price from the price
received by each power plant. They should expect that costly units are force out of the system and
that the average Price drops as a consequence of the deployment of more renewables and the least-
cost dispatching rule.

As a rule of thumb, renewables in the Mexican day-ahead wholesale electricity-market show
an economically and statistically significant negative relationship between generation and Price of -
MXNO0.10/MWh per MWh and an average MOE of -MXN183.33/MWh, -13.5% of the average Price.
Renewables MV is 93% of the Load’s MV.

Allowing for non-linear interactions and distinguishing between Wind and PV shows that the
MOE is largely related with demand levels as well as the penetration of each technology. Wind MOE
is much larger at high levels of generation, reaching -MXN755/MWh at 4000MWh of generation. PV
MOE is also much greater at high levels of generation, once it's beyond the 1503MWh threshold, it
reaches -MXN307/MWh at 3,000MWh of generation.
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7. Further Discussion

The implications of the results of this research are varied. To name a few: i) energy and commodity
traders should expect a larger demand for hedging instruments; ii) renewable investors would prefer
develop several “small” projects in different Load zones rather that developing one “big” project (or
develop a new project rather than increasing the size of an existing one); iii) renewable investors
would prefer to develop a new project in a different Load zone instead of increasing the capacity of
an existing one; iv) debt financing parties would likely be very cautious with Price forecasts (e.g.
limiting their assessments to low Price scenarios); v) debt instruments will likely have a shorter
maturity that PPAs-based financing and include market-risk covenants (e.g. cash traps or cash-
sweeps linked to Price re-assessments); vi) given the previous points, renewables would find it
harder to reach economies of scale via including development costs and financial structuring costs;
vi) the system will likely become more flexible, with a growth of flexibility solutions for conventional
generators to reduce ramping costs or storage units (either complementary to existing renewables
or as independent units).

Most of these impacts are the same impacts that have been seen in more mature markets,
although their magnitude will depend on the Mexican market-specific issues (e.g. some Load zones
are below the PV MOE threshold therefore investments in renewables would likely continue in the
zone).

Although the impact of the current energy policy is beyond the scope of this research,
whatever the policy pursued by the Mexican authorities, policymakers should expect that, as the MOE
and renewables MK becomes an integral part of investment assessments, investment behavior will
change, and they should plan the future of the system accordingly. Further, any subsidy considered
for renewables would be better designed if it’s directed to the price received by the generators, that
if it’s designed based on CAPEX assumptions given that they wouldn’t capture the missing revenue
that these producers would face in a future with high renewable penetration (see: Carvalho
Figueiredo & Pereira da Silva, 2019; Sirin & Yilmaz, 2020). These results may serve as a tool to
generate mechanisms that alleviate the MOE (e.g. smart-metering, system-interconnection
infrastructure)

Further research can expand to the future development of the energy-mix given the MOE and
investment decisions based on renewables MV, as well as policies to alleviate the MOE.

References

[1] Alpisar-Castro, I, & Rodriguez-Monroy, C. (2016). Review of Mexico's energy reform in 2013:
Background, analysis of the reform and reactions. Renewable and Sustainable Energy Reviews(58), 725-
736. https://doi.org/10.1016/j.rser.2015.12.291

2] KPMG. (2016). Oportunidades en el Sector Eléctrico en México. México, D.F.: KPMG en México.

3] PWC. (2015). Study of necessary investments for Mexico to meet their Clean Energy goals. PWC Mexico.

4] Secretariat of Energy. (2018). Development Program of the National Electric Sistem.

5] Sivaram, V., & Kann, S. (2016, April 7). Solar power needs a more ambitious cost target. Nature Energy,
1. https://doi.org/10.1038/nenergy.2016.36



[10]

[11]

[12]

[13]
[14]
[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

(23]

[24]

21

Revista Mexicana de Economia y Finanzas, Nueva Epoca, Vol. 17 Issue 4, pp. 1- 27, €795
DOI: https://doi.org/10.21919 /remef.v17i4.795

Hirth, L. (2015). Market value of solar power: Is photovoltaics cost-competitive? IET Renewable Power
Generation, 9, 37-45. https://doi.org/10.1049/iet-rpg.2014.0101

Steffen, B. (2018). The importance of project finance for renewable energy projects. Energy Economics,
69, 280-294. https://doi.org/10.1016/j.eneco.2017.11.006

Pahle, M., & Schweizerhof, H. (2018). Time for Tough Love: Towards Gradual Risk Transfer to
Renewables in Germany. Economics of Energy and Environmental Policy, 5(2).
https://doi.org/10.5547/2160-5890.5.2.mpah

National Renewable Energy Laboratory. (n.d.). Project Finance Explained. Retrieved June 10, 2018,
from https://financere.nrel.gov/finance/content/put-fence-around-it-project-finance-explained
Jensen, S., & Skytte, K. (2002). Interactions between the power and green certificate markets. Energy
Policy, 30,425-435. https://doi.org/10.1016/s0301-4215(01)00111-2

Sensfuss, F., Ragwitz, M., & Genoese, M. (2008). The merit-order effect; a detail analysis of the price
effect of renewable electricity generation on spot market prices in Germany. Energy Policy, 36, 3086-
3094. https://doi.org/10.1016/j.enpol.2008.03.035

Nicolosi, M. F. (2009). The impact of an increasing share of RES-E on the conventional power market.
The example of Germany. Energiewirtschaft, 33, 246-254. https://doi.org/10.1007 /s12398-009-0030-
0

Frankfurt School-UNEP Collaborating Centre. (2017). Global trends in renewable energy investment
2017, Frankfurt: Frankfurt School of Finance & Management.

Hirth, L. (2013). The market value of variable renewables: the effect of solar wind power variability on
their relative price. Energy Economics, 38, 218-236. https://doi.org/10.1016/j.eneco.2013.02.004
IRENA. (2016). Unlocking renewable energy investment: the role of risk mitigation and structured
finance. Abu Dhabi: IRENA.

Hildmann, M., Ulbig, A., & Andresson, G. (2015). Empirical Analysis of the Merit-Order Effect and the
Missing Money Problem in Power Markets With High RES Shares. IEEE Transactions on power systems,
30(3), 1560-1570. https://doi.org/10.1109/tpwrs.2015.2412376

Guidera, J., & Jamshidi, S. (2016). Financial Hedges in Merchant Power Project Finance. Journal of
Structured Finance, 21(4), 65-73. https://doi.org/10.3905/jsf.2016.21.4.065

S4ez de Miera, G., del Rio Gonzalez, P., & Vizcaino, I. (2008). Analysing the impact of renewable
electricity support schemes on power prices: The case of wind electricity in Spain. Energy Policy, 36,
3345-3359. https://doi.org/10.1016/j.enpol.2008.04.022

Weigt, H. (2009). Germany's wind energy: the potential for fossil capacity replacemenet and cost
saving. Applicated Energy, 86, 1857-1863. https://doi.org/10.1016/j.apenergy.2008.11.031

Petitet, M., Finon, D., & Janssen, T. (2017). Capacity adequacy in power markets facing energy
transition: A comparison of scarcity pricing and capacity mechanism. Energy Policy, 103, 30-46.
https://doi.org/10.1016/j.enpol.2016.12.032

Wiirzburg, K, Labandeira, X., & Linares, P. (2013). Renewable generation and electricity prices: Taking
stock and new evidence for Germany and Austria. Energy Economics, 40, s159-s171.
https://doi.org/10.1016/j.eneco.2013.09.011

Gelabert, L., Labandeira, X., & Linares, P. (2011). An ex-post analysis of the effect of renewables and
cogeneration on  Spanish  electricity  prices. = Energy  Economics, 33, s59-s65.
https://doi.org/10.1016/j.eneco.2011.07.027

Lunackova, P., Priisa, J., & Janda, K. (2017). The merti order effect of Czech photovoltaic plants. Energy
Policy, 106, 138-147. https://doi.org/10.1016/j.enpol.2017.02.053

Welisch, M., Ortner, A., & Resch, G. (2016). Assesment of RES technology market values and the merti-
order effect - an econometric multi-country analysis. Energy & Environment, 27(1), 105-121.
https://doi.org/10.1177/0958305x16638574



22

REMEF (The Mexican Journal of Economics and Finance)
Market-value of Renewables in the Young Mexican Power Market

[25]

[26]
[27]

(28]

[29]

[30]
[31]
[32]
[33]
[34]
[35]

[36]

[37]

[38]
[39]

[40]

[41]

[42]
[43]

[44]
[45]

[46]

MIT Energy Initiative. (2015). The Future of Solar Energy. Cambridge, MA, U.S.A.: Massachusetts
Institute of Technology publishing.

Bank of International Settlements. (2005). Basel II. Basel: BIS Publications.

Pollio, G. (1998). Project finance and international energy development. Energy Policy, 26, 687-697.
https://doi.org/10.1016/s0301-4215(98)00028-7

Kann, S. (2009). Overcoming barriers to wind project finance in Australia. Energy Policy, 37, 3139-
3148. https://doi.org/10.1016/j.enpol.2009.04.006

Alonso, A. (2015). Project finance and the supply of credit from commercial banks. In C. Donovan (Ed.),
Renewable  Energy  Finance (pp. 245-272). London: Imperial College Press.
https://doi.org/10.1142/9781783267774_0011

Kwoka, ]., & Madjarov, K. (2007). Making Markets Work: The Special Case of Electricity. The Electricity
Journal, 20(9), 24-36. https://doi.org/10.1016/j.tej.2007.10.008

EIA - U.S. Energy Information Administration. (2018). Cost and Performance Characteristics of New
Generating Technologies, Annual Energy Outlook 2018. Washington, D.C., USA: EIA publishing.

King, C., & Chatterjee, S. (2003). Predicting California demand response. Public Utilities Fortnightly,
141(13), 27.

Bigerna, S. (2012). Electricity Demand Elasticity in Italy. Atlantic Electric Journal, 40(4), 439-440.
https://doi.org/10.1007/s11293-012-9331-5

Cleveland, C.]., & Morris, C. (2015). Dictionary of Energy (Second Edition ed.). Amsterdam, Netherlands:
Elsevier.

Hentschel, J., Babic, U., & Spliethoff, H. (2016). A parametric aproach for the valuation of power plant
flexibility options. Energy Reports, 2, 40-47. https://doi.org/10.1016/j.egyr.2016.03.002

Hogan, M. (2017). Follow the missing money: Ensuring reliability at least cost to consumers in the
transition to a low-carbon power system. The electricity journal, 30, 55-61.
https://doi.org/10.1016/j.tej.2016.12.006

Wainstein, M., & Bumpus, A. (2016). Business model as drivers of the low carbon power system
transition: a multi-level perspective. Journal of Cleaner Production.
https://doi.org/10.1016/j.jclepro.2016.02.095

CENACE. (2017). 2016 Annual Report of the wholesale-electricity market. CENACE.

Girish, G., Sedidi, V., Murthy, P., & Rath, B. (2014). Forecasting Electricity Prices in Deregulated
Wholesale Spot Electricity Market: A Review. International Journal of Energy Economics and Policy,
4(1), 32-42.

Parr, ], Swales, ]., & Fraser. (1993). Cost curves, supply curves and the spatial structure of production.
In Strathclyde papers in economics. Glasgow: Department of Economics, Fraser of Allander Institute,
University of Strathclyde.

Ministry of Energy. (2013). Especial Program for the Harnessing of Renewable Energies 2013-2018.
Mexico, D.F.

G20. (2018). Sustainable Finance Study Group. Bariloche.

Sivaram, V. (2018, 03 27). Book Talk and Discussion: Taming the Sun by Dr. Varun Sivaram. Cambridge,
MA, USA: The MIT Press.

SENER. (2019). PRODESEN 2019-2033.

Bancomext, GIZ, KfW. (2019). Retos y oportunidades para el financiamiento de proyectos de energias
renovables con venta al Mercado Eléctrico Mayorista en México. Ciudad de México.

Lépez Prol, ]., Steininger, K. W., & Zilberman, D. (2020). The cannibalization effect of wind and solar in
the California wholesale electricity market. Energy Economics, 85.
https://doi.org/10.1016/j.eneco0.2019.104552



[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

Revista Mexicana de Economia y Finanzas, Nueva Epoca, Vol. 17 Issue 4, pp. 1- 27, €795 23
DOI: https://doi.org/10.21919 /remef.v17i4.795

IRENA. (2021). Finance & Investment. Retrieved July 07, 2020, from
http://www.irena.org/financeinvestment

Clo, S., Cataldi, A., & Zoppoli, P. (2015). The merit-order effect in the Italian power market: The impact
of solar and wind generation on national wholesale electricity prices. Energy Policy, 77, 79-88.
https://doi.org/10.1016/j.enpol.2014.11.038

Woo, C,, Horowitz, I., Moore, ]., & Pacheco, A. (2011). The impact of wind generation on the electricity
spot-market price level and variance: The Texas experience. Energy Policy, 39, 3939-3944.
https://doi.org/10.1016/j.enpo0l.2011.03.084

Sirin, S. M., & Yilmaz, B. N. (2020). Variable renewable energy technologies in the Turkish electricity
market: Quantile regression analysis of the merit-order effect. Energy Policy, 144.
https://doi.org/10.1016/j.enpol.2020.111660

Jain, S., & Shrimalib, G. (2022). Impact of renewable electricity on utility finances: Assessing merit
order effect for an Indian utility. Energy Policy, 168. https://doi.org/10.1016/j.enpol.2022.113092
Carvalho Figueiredo, N., & Pereira da Silva, P. (2019). The “Merit-order effect” of wind and solar power:
Volatility @ and  determinants. @ Renewable and  Sustainable  Energy  Reviews, 102.
https://doi.org/10.1016/j.rser.2018.11.042

Sensfuss, F., & Genoese, M. (2006). Agent-based simulation of the German electricity markets - An
analysis of the German spot market prices in the year 2001. Proceedings of the ‘9. Symposium
Energieinnovationen’, 15- 17.02.2006. Graz, Austria.

Linares, P., Santos, F., & Ventosa, M. (2008). Coordination of carbon reduction and renewable support
policies. Climate Policy, 8, 377-394. https://doi.org/10.3763/cpol.2007.0361

Cramton, P., & Ockenfels, A. (2012). Economics and Design of Capacity Markets for the Power Sector.
Zeitschrift fiir Energiewirtschaft. Retrieved 05 30, 2018, from
https://ideas.repec.org/p/pcc/pccumd/12cocap.html#author-abstract

Gatti, S. (2013). Project Finance in Theory and in Practice. (Second ed.). Academic Press.



24 REMEF (The Mexican Journal of Economics and Finance)
Market-value of Renewables in the Young Mexican Power Market

Annex 1

Table 5. Comparison of methodologies

Woo, Horowitz, | Gelabert, . Lunackova,
. Welisch,
Moore & | Labandeira & Prusa &
. Ortner & Present research
Pacheco Linares Resch (2016) Janda
(2011) (2011) (2017)
All  renewables: -
A 1% increase 0.10MXN/MWh per
of renewables MWh
From (measured as Wind: -
g}S$0.32/MWh €19 for a| % of Load) | All 0.14MXN/MWh per
1GWh yields renewables: | MWh
MOE results g)sr$1.53/M:\\//:r increase in | between B=-0.22 PV: -0.06MXN/MWh
Y | “special 0.06/MWh PV: per MWh
100MWh of C iy
Wind regime and B = 0.02 to | Wind?2: -
(dependin generation 0.9€/MWh 0.07 0.0000472MXN/MWh
Loar()i zonesg MOE e
(depending PVZ: -
Market) 0.0000685MXN/MWh
per MWh?
Data format | Levels Differences Levels Log-Log Levels
Data o . Hourly, daily
resolution 15-min interval | Daily averages | Hourly and monthly Hourly
Several Czech
Market Texas Spain European . Mexico
. Republic
countries
Period 2007-2010 2005-2010 2012 0r2013 | 2011-2015 | 2017-2019
Type of 1+) Renewables ) Wind
renewable A . i) Wind i) Wind + PV
i) Wind Cogeneration | . Solar N s
technology y . ii) PV - ii) Wind & Solar
under “special ii) PV
data -
regime
Model specification and significance of variables
Dependent . . Electricity Electricity Electricity .. .
Variable Electricity Price Price Price Price Electricity Price
Renewable J*** J*** J*** J*** J***
Energy
Load J*** J*** J*** J*** J***
Nuclear ek X
Hydro JFEE
Gas Price J*** J*** J***
Lag Price Vi o Fk o FER
Net Exports | *** N  HEE X
Significant
Renewable? results using VA
data quartiles
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Significant
Load? results using | X R
data quartiles
Weekly SR SR SRR SR JEEE
dummies
dummies
Holiday J Sk JRHE
dummies
Time Trend N VA
# . o 3543 - 6492 2190 8330 -8760 300-31296 | 25771
observations
adj. R-sq 0.34-0.46 0.67 0.6-0.8 0.37-0.5 0.675
v: means that the variable was used in the main regression or tested in the study as part of the variations
Statistical significance of the variable: "*"=p <0.10 "**"=p<0.05 "***"=p<0.01
X: means that the variable was tested and prove not to be significant
Annex 2
Correlation
Price Load Gas Price Wind Electricity PV Lag Price
(MXN$/MWh) | (MWh) (US$/G]) (MWh) (MWh) | (MXN$/MWh)
Price 1
(MXN$/MWh)
Load (MWh) 0.6393 1
Gas Price
(US$/GJ) 0.0298 -0.2827 1
Wind Electricity
(MWh) -0.2385 -0.1051 -0.0025 1
PV (MWh) 0.0505 0.3075 -0.262 0.1637
Lag Price
(MXN$/MWh) 0.6953 0.5222 0.0313 -0.17 0.0504 1
é 1I0 1I5 2IO 2I5

hour

Figure 12. Average price per hour
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Figure 13. Average demand per hour
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Figure 14. Average PV generation per hour
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Figure 15. Average wind generation per hour

9 <.

1 “Renewables”, “renewable electricity” and “renewable power” are used as synonymous and defined as power sources “able to

be regenerated or replenish by natural processes of the earth” (Cleveland, C. J. & Morris, C., 2015 - Dictionary of Energy) for
the interest of this text.
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2 “Electricity markets” and “power markets” are used as synonymous and both refer to competitive wholesale markets for
the interest of this text.

3 Hirth (2013) and Hirth (2015) make an easily understandable explanation of the “three dimensions of electricity markets”.
4 PRODESEN

5 Clean power defined by the Energy Ministry (SENER) in PRODESEN as hydro, geothermal, wind, photovoltaic and
bioenergy, excluding nuclear and efficient gas cogeneration.

6 Demand and load are used as synonyms in the context of electricity markets given their physical characteristics that make
it necessary to balance demand and supply at all times (see: Kwoka & Madjarov, 2007)

7 Most electricity wholesale markets operate with 1-hour clearing intervals.

8 e.g. a closer look to the energy-mix and demand-side flexibilities can explain why Germany and Spain show a higher MOE
than Denmark.

9 Lopez Prol, Steininger & Ziberman (2020) research describes “solar” as PV and thermal energy.

10 Wiirzburg et al. (2013) do a comprehensive review of both empirical-based and model-based literature and provide
comparable results.

11 Lépez Prol, Steininger & Ziberman (2020) research describes “solar” as PV and thermal energy.

12 Data accessible at CENACE (System Operator) website.

13 Data accessible at CENACE (System Operator) website.

14 Data accessible at CENACE (System Operator) website.

15 Since only realized price information of natural gas price was available, contrastingly with day-ahead information of the
other variables (i.e. the real price and not a forecast), the natural gas price figure used in the estimation for each day is the
price of the previous day (e.g. the published price of Jan-31st is used as the observation of the estimation of Feb-1st).

16 Composed with over 8,800 observations across 24 distribution zones and injection points, in both MXN/GJ and USD/G]J,
and with the currency exchange rate published by the Mexican Central Bank

17 Unfortunately, some data was missing from the CENACE (System Operator) website. Load files were missing from January
15t,2019 to January 9th, 2019. Files of April 1st, October 28th and October 29th of 2018 were missing load data at 24hrs.

18 [s worth noting that the market’s MV is not the same as the mean price of the data set since mean price does not count
system'’s load of each hour. Hirth (2015) and Lopez Prol et al. (2020) use the latter.

19 Renewables effect on electricity price (MOE) = MXN$-0.10/MWh; Mean renewable generation = 1,859.36MWh; Mean
electricity price = MXN$1,357.26; Average MOE: MXN$-0.10/MWh * 1859.36 MWh = MXN$-183.33/MWh; Average MOE as
a proportion of average price: MXN$-183.33/MWh / MXN$1,357.26 = -13.51%.

20t=]18.7 |
21 Trend control variable was dropped given these data sets are not time series.
22t=20.6|

23 Calculation:
a) Wind MOE at high Load - Wind MOE at low Load = 0.170 - 0.114 = 0.056 = 0.056 / 0.114 =49.1%
b) PV MOE at high Load - PV MOE at low Load = 0.0389 - 0.0286 = 0.0103 - 0.0103 / 0.0286 = 36%
24 Calculation:
a) Wind2 MOE * (Mean Wind)2 = -0.0000472MXN/MWh * (1465.38MWh)2 = -MXN$101.35/MWh -> -
MXN$101.35/MWh / Mean Price = -7.5%
b) PV MOE * (Mean PV) + PV2 MOE * (Mean PV)2 = (0.103 * 393.99MWh) + (-0.0000685 * (393.99MWh)?) =
MXN29.95/MWh / Mean Price = 2.2%
25 Is worth noting that the market’'s MV is not the same as the mean price of the data set since mean price does not count
system’s load of each hour. Hirth (2015) and Lopez Prol et al. (2020) use the latter.




