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1 Introduction

1.1 Objectives of the study

This report describes a so-called backtest, which has been performed on two similar TTF swing contracts
delivering over the calendar years 2014 and 2015. The analysis assumes that a trader has a gas swing
contract with daily flexibility and quarter-ahead indexation. The backtest is a worked example of how a
trader could optimize his trading decisions in the gas spot market, while delta hedging the exposures in the
forward market: the spot trades maximize the optionality of the contract, while the forward hedges limit
the risk.

All these decisions, in spot and forward gas markets, are supported by the KySwing model, a proprietary
software product, embedded in the KYOS Analytical Platform. It is used by a large number of market players
in order to value gas swing contracts and to optimize trading decisions. More information about the
software is available on the KYOS website www.kyos.com.

1.2 Summary of the gas swing contracts

The analysis has been performed over two TTF gas swing contracts. One of them delivers in the calendar
year 2015, and the other one in 2014. The two contracts are similar:

e Their daily contract quantity is between 0 and 2,400 MWh.

e Their annual contract quantity is 216,000 MWh (to be fulfilled 100%).

e The contract price is quarter-ahead indexed, so equals the average Q+1 price in the preceding
quarter.

1.3 Principles of the spot trading strategy

The annual quantity of 216,000 MWh allows a trader to take the maximum volume of gas (2,400 MWh) on
exactly 90 days. The value of the contract is maximized when these volumes are taken on the days where
the gas market prices have the largest (positive) spread to the contract price.

At the start of a quarter, the contract price for that quarter is known. So, when the gas spot prices move up
relative to the contract price, it becomes increasingly attractive to take gas from the contract. However,
taking gas now, generally reduces the optionality of taking gas in future periods. Likewise, when the spot
price moves down relative to the contract price, it may be unattractive to take gas, but a trader should
make sure to take gas on exactly 90 days in order to meet the annual contract quantity.

1.4 Principles of the forward hedging strategy

During a quarter, when the contract price is fixed, the owner of the contract will benefit from increasing
market prices; there is a positive exposure to market prices. This exposure can be hedged by selling gas
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forward in the remaining period in the quarter. The so-called delta hedges are the optimal forward trading
positions at a specific point in time which (largely) neutralize the risks from changes in forward market
prices.

The exposure to market price changes in future quarters of the year is rather small. Exposure are mainly
built up for the next quarter-ahead, as a result of the quarter-ahead price settlements, which gradually fix
the contract price. To summarize, for a quarter-ahead indexed contract:

e Inthe Q+2 period or later, delta hedges are rather small: no or limited forward hedges are needed

e Inthe Q+1 period, delta hedges are negative and tend to grow when the end of the quarter
approaches

e Inthe Q+0 period, i.e. the current quarter, delta hedges are negative and tend to decline (in MWh)
because the remaining delivery period becomes shorter

e In both the current quarter (Q+0) and the next quarter (Q+1), delta hedges can go up and down,
mainly moving with the spread between the expected market price and the expected contract price
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2 How much money could have been made?

The main purpose of the backtest is to find out how a trader could have made money from the moment of
contract signature to the last delivery day. We assume that a trader values the contracts just before the first
delivery day. Because the contracts are quarter-ahead indexed, the contract prices in the first three months
are already known by then.

The estimated contract value is 1.83 €/MWh for the 2014 contract and 1.07 €/MWh for the 2015 contract.
This value is composed of intrinsic value (using a monthly forward curve) and extrinsic value. The extrinsic
value is obtained from optimizing the daily spot trades over a large number of Monte Carlo simulations,
using the Least-Squares Monte Carlo approach. The extrinsic value, and hence also the total value, is lower
for the 2015 contract, due to the drop in spot price volatility from 57.1 to 38.7%.

Expected values 2014 2015 Realized P&L 2014 2015
Intrinsic value 0.25 0.22 Realized spot P&L (0.32) (1.47)
Extrinsic value 1.58 0.85 Realized forward hedge P&L 2.41 2.37
Total expected value 1.83 1.07 Total realized value 2.08 0.90

A trader must actively trade in the gas market to realize the full optionality. For this purpose, he should
engage in two types of activities:

1. Atthe end of each day, decide which volume to take from the contract the following day (day-
ahead). If it is optimal to take any gas, it will almost certainly be optimal to take the maximum
volume of 2,400 MWh. To support these decisions, the KySwing model is run every (trading) day
and shows at what price levels it is optimal to take contract gas.

2. After having set up forward hedges at the contract start, periodically the trader should adjust the
forward hedges. For simplicity, we assume the delta hedges are adjusted at the end of each month.

At the end of the contract period, a trader will have realized a certain profit. In the following table we
compare the realized values with the expected values. In 2014 the realized value was a bit higher, while in
2015 it was a bit lower than expected. The table also shows the importance of delta hedging: without it, the
realized value would have been much lower and even negative.

In short, what happened in both 2014 and 2015 in the TTF gas market: price levels gradually fell, and hence
the average contract price was 2.27 €/MWh above the gas spot prices. Taking gas from the contract was
therefore advantageous on very few days (53 per year on average). Thanks to the delta hedges
recommended by KySwing, this was compensated for by a positive hedge P&L. The total realized P&L of
spot and forward trading was therefore close to the expected values.

This chapter shows that a combination of spot optimization and delta hedging ensures that the full contract
value is realized. With more frequent rehedging than just once per month, the realized P&L could even be
closer to the expectation, albeit at probably higher transaction costs. In the following section we will
analyse the trading activities in more detail.
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3 How does the hedging work?

3.1 Overview
The trading activity evolves along the following main steps:

1. At the valuation date?, run the KySwing model to:
a. Estimate the contract value
b. Derive the initial delta hedges -> these are the initial forward trades
2. Every day during the contract period, run the KySwing model for the remaining contract period to:
a. Estimate the remaining value of the contract
b. Decide if it is optimal to take gas from the contract and sell in the spot market
3. Every potential rehedge day, once per month or more frequently, use the results from KySwing to:
a. Derive the adjusted delta hedges
b. Compare these to the existing trading positions
c. Trade the difference in the forward market

The 2015 contract serves as an example to clarify each step in more detail.

3.2 Valuation date

On 31 December 2014:

o The model performs a valuation with the market prices of that day. The projected value of the
contract is 231,406 €.

e The model advises not to take gas on the next day because the day-ahead spot price of 20.15 is
under the contract price of 23.48 €/MWh.

e The model calculates the delta hedges. The corresponding trades are executed on the forward
market.

1 This could e.g. be the date of signing the contract. In our analysis it is assumed to be the day before the first delivery
day of the contract.
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Forward price  Contract price  Monthly hedge Quarterly hedge

Jan-15 21.30 23.48 -0.1 -1.1
Feb-15 21.30 23.48 -0.9
Mar-15 21.18 23.48 -2.2

Apr-15 21.07 20.66 -15.4 -2.8
May-15 20.69 20.66 -2.3

Jun-15 20.20 20.66 9.4

Jul-15 20.24 20.33 4.7 -2.0
Aug-15 20.36 20.33 -3.1

Sep-15 20.40 20.33 -7.6

Oct-15 21.43 21.80 14.4 -0.1
Nov-15 21.85 21.80 -2.2

Dec-15 22.11 21.80 -12.4

Various interesting observations can be made about the delta hedges. First, to put the hedge volumes into
perspective, it is useful to know that the maximum offtake of 2,400 MWh per day corresponds to 100 MW.
So, with hedges in the range of 0-3 MW per quarter, all quarterly hedges volumes are relatively small.

Second, the hedge volumes are small in the first quarter, because the contract is out-of-the-money: the
contract price is known and more than 2 €/MWh above the current forward prices. Therefore, it is not
expected that much gas will be taken in the first quarter and only very small hedges are needed.

Third, the hedge volumes are small in the other quarters, because there is virtually no exposure to
increasing or decreasing forward prices in Q2-2015, Q3-2015 or Q4-2015. If any of these quarter-ahead
prices goes up, the expected contract price rises, but the average market prices rise in parallel.

Finally, the largest hedge volume is actually for an individual month, April-2015. This is a month where a
relatively large off-take is expected: April has a higher forward price than May and (especially) June. As a
result, there is a risk that April prices go down and June prices up, which would narrow the April-June
spread. Therefore, the delta hedges are negative for April (sell 15.4 MW) and positive for June (buy 9.4
MW). Similar intra-quarter patterns can be observed in Q3 and Q4.

3.3 First month and first rehedge day

As part of the analysis, during each day in January 2015 the KySwing model performs a contract valuation
and recommends to take gas from the contract or not. During the whole of January, the outcome is always
negative: no gas is taken in January, because the contract price of 23.48 €/MWh is higher than the spot
price on each day within the month. At the end of the month:

e The model performs a valuation for the remaining contract period, using the current market prices.
It also takes into account that no volumes have been taken yet. The projected value of the contract
is 220,876 €.

e The forward positions already show a positive P&L as a result of somewhat lower forward prices:
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o The MtM profit on the February to December hedges is 15,902 €
o The (very small) January hedge has a realized profit of 115 €
e This means that the combined value is 220,876 + 15,902 + 115 = 236,893 €, still very close to the
initial value of 231,406 €.
e The delta hedges for the February to December period are recalculated and compared to the
existing positions. The difference is traded in the market. See the Appendix for the exact volumes.

3.4 Second month and second rehedge day

During February 2015, again no volumes are taken. At the end of February:

e The projected value of the contract is 396,257 €, significantly more than before, as a result of
increasing forward prices, which is beneficial for March and for Q2.

e On the other hand, the higher forward prices create an MtM loss in the hedge book of 99,571 €.

e Together with a small profit on the February hedge (settled against spot) of 755 €, the total of
realized and expected value is 297,441 €. This is about 25% higher than a month before. The main
reason is that there was no rehedging during February, whereas forward prices moved up by more
than 2 €/MWh. If a trader had rehedged e.g. halfway the upward price path, he would have faced
an MtM loss on these extra hedges, and hence a lower total value. In fact, not so frequent
rehedging leads to an extra exposure, which works out positively in this month, but could work out
negatively in other months.

e Eventually, at the end of February 2015, the trader recalculates the hedges for March to December,
and trades the corresponding volumes in the market.

3.5 Other months and rehedge days

During the remainder of the contract period, the same set of actions is repeated. Progressively, the
remaining contract value goes down, while the sum of contract profit and hedge profit goes up. Due to the
falling TTF market prices, the contract itself performs quite badly, for which the hedge profit compensates.
The end result is slightly below the initial expectation, but relatively close?.

A detailed breakdown of the profits and losses is provided in the appendix. The following graph summarizes
the evolution from expected value to realized profit. The sum of the three areas is the total value; initially
this is expected value, whereas at the end it is solely composed of realized profit on the hedges and the
contract.

2|n 2014 the realized profit is actually above the expected value.
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4 Appendix — detailed delta hedge overview

4.1 2014 Contract

Forward prices, including realized average spot (Euro/MWh)

Trade

Product date
Begin End 01/01/14 31/01/14 28/02/14 31/03/14 30/04/14 31/05/14 30/06/14 31/07/14 31/08/14 30/09/14 31/10/14 30/11/14 31/12/14

01/01/14 31/01/14 27.55 26.28 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
01/02/14  28/02/14 27.55 25.46 23.96 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
01/03/14 31/03/14 27.16 25.38 23.60 22.74 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
01/04/14 30/04/14 26.85 25.27 23.63 21.87 20.24 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
01/05/14 31/05/14 26.46 25.29 23.65 21.91 20.08 19.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
01/06/14 30/06/14 26.27 25.19 23.57 21.94 20.17 19.02 17.51 0.00 0.00 0.00 0.00 0.00 0.00
01/07/14 31/07/14 26.05 25.14 23.49 21.86 20.34 19.02 17.70 16.33 0.00 0.00 0.00 0.00 0.00
01/08/14 31/08/14 26.41 25.28 23.51 21.94 20.41 19.49 17.85 17.57 17.48 0.00 0.00 0.00 0.00
01/09/14 30/09/14 26.47 25.33 23.86 22.13 20.82 19.92 18.48 18.63 22.03 20.60 0.00 0.00 0.00
01/10/14 31/10/14 27.11 26.06 25.13 23.99 22.95 21.96 20.80 21.15 22.03 22.13 21.06 0.00 0.00
01/11/14 30/11/14 27.64 26.57 25.62 24.46 25.15 24.81 23.66 23.58 25.00 24.05 23.36 22.61 0.00
01/12/14 31/12/14 27.97 26.89 25.93 24.75 25.44 24.65 24.47 24.65 25.75 24.90 23.50 24.21 22.58

Dynamic delta hedge (MWh)

Trade

Product date
Begin End 01/01/14 31/01/14 28/02/14 31/03/14 30/04/14 31/05/14 30/06/14 31/07/14 31/08/14 30/09/14 31/10/14 30/11/14

01/01/14 31/01/14 -14,781 0 0 0 0 0 0 0 0 0 0 0
01/02/14  28/02/14 -15,729 14,501 0 0 0 0 0 0 0 0 0 0
01/03/14 31/03/14 -13,447 11,190 2,226 0 0 0 0 0 0 0 0 0
01/04/14 30/04/14 -6,035 -1,198 -234 6,688 0 0 0 0 0 0 0 0
01/05/14  31/05/14 256 -9,614 48 7,736 1,571 0 0 0 0 0 0 0
01/06/14 30/06/14 671 -9,554 -1,094 7,684 2,266 28 0 0 0 0 0 0
01/07/14 31/07/14 3,130 -2,454 775 -630 -7,467 180 -5,641 0 0 0 0 0
01/08/14 31/08/14 -3,200 967 2,653 -1,466 -8,287 -9,627 2,746 4,391 0 0 0 0
01/09/14 30/09/14 -4,283 692 -3,711 1,560 -13,987  -12,155 -3,535 -7,800 -26,957 0 0 0
01/10/14 31/10/14 6,732 652 202 422 20,210 4,057 -106 -22,628 -5,381 -16,016 0 0
01/11/14 30/11/14 -2,149 169 -528 -91 -10,246 -5,369 1,470 -15,158  -17,311 -8,721 -3,725 0
01/12/14 31/12/14 -6,354 -1,051 78 -467 -9,158 1,703 -983 -15,550 -12,916  -22,455 4,122 3,652

01/01/14 31/01/14 28/02/14 31/03/14 30/04/14 31/05/14 30/06/14 31/07/14 31/08/14 30/09/14 31/10/14 30/11/14 31/12/14

Values per Re-hedge
MtM on forward

position 0 73,038 96,042 126,113 90,911 81,881 119,595 118,958 -152,965 -9,097 200,822 82,952 0

Realized P&L hedges 0 18,773 53,470 81,477 117,267 151,395 185393 211,691 265391 307,623 244,160 363,988 543,579

Realized P&L contract 0 0 0 0 0 0 0 0 17,507 41,433 22,796  -22,698  -69,551

Spot Expected Value | 394,651 313,138 250,316 202,640 208,590 173,016 104,938 105173 381,784 144,919 5507 51,671 0
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4.2 2015 Contract

Forward prices, including realized average spot (Euro/MWh)

KY:.:

Trade

Product date
Begin End 01/01/15 31/01/15 28/02/15 31/03/15 30/04/15 31/05/15 30/06/15 31/07/15 31/08/15 30/09/15 31/10/15 30/11/15 31/12/15

01/01/15 31/01/15 21.30 19.83 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
01/02/15 28/02/15 21.30 20.27 22.31 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
01/03/15 31/03/15 21.18 20.27 23.06 21.85 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
01/04/15 30/04/15 21.07 19.96 23.06 21.77 22.06 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
01/05/15 31/05/15 20.69 19.56 22.35 21.54 20.95 20.49 0.00 0.00 0.00 0.00 0.00 0.00 0.00
01/06/15 30/06/15 20.20 19.40 21.98 21.49 20.76 20.24 20.48 0.00 0.00 0.00 0.00 0.00 0.00
01/07/15 31/07/15 20.24 19.18 21.60 21.38 20.62 20.24 20.40 20.86 0.00 0.00 0.00 0.00 0.00
01/08/15 31/08/15 20.36 19.24 21.81 21.32 20.67 20.30 20.31 20.88 19.67 0.00 0.00 0.00 0.00
01/09/15 30/09/15 20.40 19.37 21.90 21.45 20.70 20.38 20.35 20.82 18.97 19.19 0.00 0.00 0.00
01/10/15 31/10/15 21.43 20.42 22.59 21.76 21.16 20.67 20.68 20.94 19.30 18.48 18.20 0.00 0.00
01/11/15 30/11/15 21.85 20.82 23.55 22.68 21.96 21.53 21.46 21.30 19.83 18.76 17.99 17.04 0.00
01/12/15 31/12/15 22.11 21.07 24.00 23.11 22.38 22.01 21.96 21.60 20.08 19.03 17.99 17.54 15.69

Dynamic delta hedge (MWh)

Trade
Product date
Begin End 01/01/15 31/01/15 28/02/15 31/03/15 30/04/15 31/05/15 30/06/15 31/07/15 31/08/15 30/09/15 31/10/15 30/11/15
01/01/15 31/01/15 -79 0 0 0 0 0 0 0 0 0 0 0
01/02/15 28/02/15 -620 620 0 0 0 0 0 0 0 0 0 0
01/03/15 31/03/15 -1,632 1,611 -2,243 0 0 0 0 0 0 0 0 0
01/04/15 30/04/15 | -11,119 -7,552 -28,399 -1,773 0 0 0 0 0 0 0 0
01/05/15 31/05/15 -1,727 -6,357 -21,979 -10,120 16,687 0 0 0 0 0 0 0
01/06/15  30/06/15 6,752 -12,822  -12,189 -19,674 16,820 12,483 0 0 0 0 0 0
01/07/15 31/07/15 3,499 205 195 -2,501 -2,024 -6,810 -9,620 0 0 0 0 0
01/08/15  31/08/15 -2,293 1,437 -316 2,314 -5,779 -6,501 -5,324  -18,208 0 0 0 0
01/09/15  30/09/15 -5,458 -1,496 2,188 -448 -3,281 -7,519 -3,467 -11,449 28,137 0 0 0
01/10/15 31/10/15 10,721 -170 2,014 2,628 3,387 5,195 1,255 -19,171 -9,888  -20,256 0 0
01/11/15 30/11/15 -1,548 569 375 -1,600 -210 -1,598 1,950 -4,220 -27,086 -8,199 -1,391 0
01/12/15 31/12/15 -9,238 -392 -2,433 -1,134 -3,241 -3,431 -3,407 2,592 -25,142  -11,038 12,266  -14,579

Values per Re-hedge  01/01/15 31/01/15 28/02/15 31/03/15 30/04/15 31/05/15 30/06/15 31/07/15 31/08/15 30/09/15 31/10/15 30/11/15 31/12/15
MtM on forward
position 0 15,902 -99,571 -4,938 36,311 22,150 -3,454 -9,347 86,447 128,258 235,414 175,758 0
Realized P&L hedges 115 755 4,902 5,761 44,232 68,652 63,259 97,568 142,245 133,026 253,469 538,728
Realized P&L contract 0 0 552 90,098 90,098 90,287 97,531 97,531 91,771 19,353 -60,193 -316,751
Spot Expected Value 231,406 220,876 396,257 300,585 150,821 112,130 95,285 85,581 -40,553  -156,506 -181,511 -164,592 0
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5 Appendix — market assumptions

5.1 Market products

The model assumes a bid-ask spread of 0.05 €/MWh in the spot market and 0.10 €/MWh in the forward
market. Each time a trade is executed, a cost equal to half of the spread is incurred. It is assumed that
volumes for each month on the forward curve for 2014 and 2015 can be traded. This assumption is made to
present the results in an easy way per month; in reality a trader may only trade a specific set of products
with varying liquidity and trading costs, and with a minimum lot size of at least 1 MW.

5.2 Market parameters

The prices in the gas market move up and down over time. The KySwing model generates a large number of
Monte Carlo simulations to estimate the contract value as well as the optimal spot and forward hedge
decisions. The dynamics of the KySwing price simulation model can be captured by just 4 market
parameters: spot volatility, spot mean-reversion rate, long-term volatility, and seasonal volatility. The long-
term volatility affects all maturities of the forward curve (including spot) equally, whereas the seasonal
volatility creates a widening or narrowing of the winter-summer spread. In addition, the model assumes
that the spot prices are more volatile than spot, and mean-revert to forward prices with a specific daily
rate.

The 4 parameters have been estimated with historical TTF price data. The estimates are in-sample, which
means that 2014 prices have been used to value and optimize the 2014 contract. Similarly, historical 2015
prices have been used for the 2015 contract.

Market parameters (TTF)

2014 2015

% %
Spot volatility 57.1 38.7
Mean reversion rate 21.8 42.6
Long-term volatility 13.6 17.6
Winter-summer volatility 11.2 4.7

It is visible that the spot volatility in 2015 has decreased compared to 2014. Furthermore, the mean-
reversion rate has increased. These market changes usually have an adverse influence on the contract
value.
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5.3 Forward curves

TTF daily forward curves have been built for each trading date in 2014 and 2015. The curves are based on
ICE-Endex settlement prices for the TTF market, in combination with the shaping factors of the KyCurve

software. The following graphs presents the monthly forward curves at several selected trading dates in
2014 and 2015.
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