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Who am I?
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› Gabriel Zeitouni

› M.Sc. Sustainable Energy – Wind Power Line – DTU 

› 5 years at COWI A/S

› Focused on wind & solar projects worldwide 

› Prior to PPA modelling, worked with IRENA on developing 
"Innovative Site Appraisal Models (SAM) for wind, solar and solar-
hybrid projects"



Agenda
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› Session one: Introduction to PPA Assessment Tool

› Project Background, Scope & Methodology 

› Session two: Training 

› Simulating various PPA contracts and tactics towards the contract

› Sessions three: Training 

› Performing sensitivity analysis of uncertain inputs and logging results



Background 
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› Panama targets +70% of RE by 2050

› High level of RE connection requests (1.5 GW), but low wind and solar 
implementation suggests lack of enabling investment environment i.e. 
insufficient returns for projects

› PPA design is focused on dispachable plants, requiring RE projects to procure 
energy in the market in order to fulfil contract terms



Project scope  
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Threefold: 

› Assessment of current economics for wind and solar PV under current PPA 
contracts

› Identification of potential alternative PPA contracts 

› Assessment of economic implications of amended PPA contracts



Methodology
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1. Successful bids from past auctions are selected to be replicated i.e. incl. 
location, technology, granted tariff, committed energy level, etc. 



Methodology
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2. With IRENA's Site Appraisal Model (SAM), the potential energy production of the 
selected projects is estimated (P90), with an hourly resolution



Methodology
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2. With IRENA's Site Appraisal Model (SAM), the potential energy production of the 
selected projects is estimated (P90), with an hourly resolution



Methodology
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3. Based on: 

› Hourly balance between potential power production and committed energy through PPA contract

› Project economy assumptions e.g. OPEX and CAPEX

› Financial assumptions e.g. loan structure and WACC

› Energy market assumptions e.g. future wholesale electricity prices

› Current OR amended PPA contract specifications. e.g. awarded tariff level, balancing requirements, 
penalties

› Tactic towards the PPA contract e.g. Always supply the PPA contract with at least the required 
minimum (default at 60% of committed energy) energy every hour. 

The investment incentive of each project is evaluated through a financial model that draws key 
project financial performance indicators such as IRR, EIRR, DSCR and payback-time. 
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The PREDICT model
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PREDICT in a nutshell 
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The Predict model

› Excel based: 

› Easily amended, also for future development e.g. more technologies, 
tactics, PPA amendments, etc.

› Targeted to non-expert audience, but also experts  

› Simulates generation, wholesale prices and demand on hourly basis 
based on user inputs 

› Simulates actual PPA bids based on user inputs 



PREDICT in a nutshell 
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The Predict model

› Allows easy amendment of PPA and financial structuring 

› senior & subordinate debt structuring, length of PPA contract, capacity & 
curtailment remuneration, penalties due to delay in construction and 
energy delivered, taxes, depreciation method, etc.  

› Detailed sensitivity analysis incl. automated plots and tabled data 

› Goal seek function e.g. find tariff that brings IRR equals to WACC 



Navigation & Introduction
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The Predict model



User inputs
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The Predict model

› Choose project type, PPA type 
and PPA tactic

› Inputs on 

› Project

› PPA contract

› Costs

› Interest rates

› Tax

› Depreciation methods

› Cash reserves

› Results



Data
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The Predict model
› Project specific data

› Simulated site specific 
generation

› Hourly wholesale prices

› Hourly demand

› Submitted PPA bids 
(committed capacity)

› Alternative PPA bids



Results
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The Predict model



Multiparameter sensitivity and charts
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The Predict model
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Current PPA in Panama 
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Current Panamanian PPA - basics
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› Monthly committed capacity

› Calculation of committed energy on hourly basis

› Energy sold through the PPA contract cannot exceed the hourly calculated 
committed energy

› Developer must deliver at least 60% of total committed energy per year

› subject to a penalty of 5% of expected revenue from the PPA contract



Some advantages & Disadvantages of current PPAs
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› Buying and selling on the whole sale 
market

› Arbitrage – buy cheap and sell 
expensive

› Bidding strategies that rely on 
arbitrage

› Exaggerate committed capacity to 
gain access to arbitrage opportunities

› Management of trading outside PPA 

› Risk premiums on financing due to 
exposure to market uncertainty

› Low competitiveness vis-à-vis 
conventional technologies 
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PPA amendments
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Power curve bidding

24 MAY 2018

IRENA PPA MODEL24

PPA Amendments

› Power is committed on an hourly 
basis in a 24 hour cycle

› Power curves can either be supplied 
for each month or as an annual 
average

› Allows the bidder to take into 
consideration know intra-day 
variation and seasonal variation
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Time block bidding

24 MAY 2018

IRENA PPA MODEL25

PPA Amendments

› Power is committed in three time 
blocks: Night, Day, Peak

› Otherwise power is committed in 
the same manner as current PPA

› Energy is only committed in the 
time blocks that have been chosen
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Guaranteed minimum price bidding
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PPA Amendments

› Developers are awarded a PPA 
contract based on the lowest 
minimum price they require

› All energy is traded on the 
wholesale market

› If the wholesale price falls below the 
guaranteed minimum price, the PPA 
contract pays out the difference
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PPA tactics
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Exemplifying real life behaviour
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PPA Tactics

› Trading energy to fulfil PPA 
obligations opens for many strategic 
considerations

› The prospect of arbitrage affects 
decisions

› Committing more power could open 
up for more opportunities for 
arbitrage

› Going for arbitrage opportunities 
must be weighed against penalties

› Real life behaviour and flexibility 
cannot be fully reflected in a model

› Standardized tactics illustrate some 
of the possibilities



Default tactic
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PPA Tactics

› No trading

› The developer only sells the energy 
that he produces

› Energy production which exceeds 
hourly committed energy is sold to 
the wholesale market

› Penalties are applied when relevant



Always deliver >60% of committed energy
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PPA Tactics

› The developer uses a simplistic 
tactic to avoid penalties

› If energy production is less than 
60% of the hourly committed 
energy

› Buy enough energy from wholesale 
market up to deliver 60% of hourly
committed energy

› On an annual basis this will result in 
delivering significantly more than 
60% of committed energy



Always deliver 100% of committed energy
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PPA Tactics

› The developer delivers 100% of 
hourly committed energy

› This will require a significant 
amount of trading on the wholesale 
market

› Allows increased arbitrage, but also 
higher risk of losses



No PPA contract
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PPA Tactics

› The developer has no PPA contract

› All energy is sold on the wholesale 
market



Sell all at PPA price
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PPA Tactics

› All energy is sold through the PPA
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Lunch break 
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Exercise session I
Getting to know the model

24 MAY 2018

IRENA PPA MODEL



Questions 
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› What are the levels of curtailment? 

› What are the levels of grid availability ? 

› What are the levels of park availability?

› What are the levels of distribution loss to metering point?



Basic operations
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Exercise session I

› Change the PPA tactic from 
"Default" to "Always deliver 100% 
of committed energy"

› Change PPA type from "Current 
PPA" to "Monthly power curves"

› Change PPA type to "Time block 
bidding" and select time blocks

› Use the drop down menus at the top

› Find the main indicators section and 
compare results from each change

› NPV

› IRR

› Payback 

Tips



Intermediate operations
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Exercise session I

› Change the project type from "Wind 
turbine" to "Solar PV"

› Change Nominal capacity, Length of 
PPA contract, CAPEX and OPEX

› Change PPA tactic to "Default"

› Change PPA type to "Current PPA"

› Calculate the LCOE

WIND SOLAR

NOMINAL CAPACITY 62.5 MW 21 MWp

TARIFF 95 USD/MWh 86 USD/MWh

SHARE OF TARIFF CORRECTED 

FOR INFLATION
25% 25%

CONTRACT DURATION 15 years 20 years

Tips



Advanced operations
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Exercise session I

› Use the goal seek functionality to 
find the CAPEX which will result in 
an IRR equal to the WACC

› Explore the consequences of 
changing remuneration for 
curtailment

› Change the assignment of hours to 
time blocks

Tips

› Don't forget to provide the model 
with input on the scale of 
curtailment (pct. of total 
generation)

› Time blocks are defined in the 
"Alternative PPA" tab

› Don't forget to use the PPA type 
"Time block bidding"



42
24 MAY 2018

IRENA PPA MODEL



43

Exercise section II
Performing sensitivity analysis of uncertain 

inputs and logging results
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Running pre-defined sensitivity analyses
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Exercise session II

› Run the sensitivity analyses needed 
to generate the line charts on the 
user interface

› Update the tornado plot

› Log the results of all combinations 
of PPA tactic and PPA types

Tips

› You don't have to run all 
sensitivities in one go

› Play around with the functionalities 
for the tornado plot

› Next to the "Run sensitivities" 
button is a description of which 
sensitivity runs do what



Adding your own sensitivity runs
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› Create a sensitivity run which shows 
the consequence of a combined 
10% increased CAPEX and 10% 
lower OPEX

Tips

› Go to the "Sensitivity" tab

› There's a lot of help to be found in 
text boxes with red font

› Below the row with the title "data 
for charts" you can create custom 
tables that use the output from the 
runs 



Advanced sensitivities
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Exercise session II

› WARNING: This will get tricky

› If you make a mistake, it might be 
better to open a fresh copy of the 
model

› Add a sensitivity analysis for the tax 
rate

› e.g. +/- 10%

Tips

› This is a new row in the top table in 
the "Sensitivity" tab

› Study how the existing sensitivities 
feed back into the User Interface

› Quick fix is to use a formula in the 
blue cell which currently holds the 
base tax rate and then move the 
base tax rate to a new cell next to it

› Be careful which formula you use in 
column D (two to choose from)



THANK YOU!
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