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- Wind Projects Development Coordinator at Iberdrola Renewables
- Wind Project Developer at Vector Hellenic Windfarms S.A.
- Researcher in the Center for Electric Power and Energy, at the Technical University of Denmark
- As a freelancer, had the chance to work with: the Green Fund, GSF Capital, Volkswind GmbH, and other institutes
and SMEs
- Since 2017 @ Aarhus University, Dept. of Business Development and Technology (Assoc. Professor until 2022, Full
Professor until 2024, & on leave after that)
- Since Nov. 2019, also a Lecturer at Johns Hopkins University at Energy Policy and Climate program teaching 425.624
Wind Energy: Science, Technology and Policy.
- Since Jan. 2024, also an Assoc. Professor at the dept. of Mechanical Engineering, University of Peloponnese

Email: gxydis@btech.au.dk; gxydis@go.uop.gr 

Web: https://people.uop.gr/~gxydis/
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AGENDA

Duration & Structure

Introduction in Energy Economics
09.00 - 10.00

Energy Policy & Carbon Pricing 10.00 - 11.00

Environmental & Regulatory Barriers
11.00 - 12.00

Oil & Gas Economics: Benchmarking for Renewable Energy Investments 12.00 - 12.45

Lunch Break
12.45 - 13.30

Offshore Wind Economics & Auctions 13.30 - 14.30

Energy Investment Metrics: NPV, IRR, LCOE & LCOH
14.30 - 15.30

Training Session 15.30 - 16.15
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LATEST IPCC REPORT
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Αverage temperature anomalies

National Oceanic & Atmospheric Administration data by Antti Lipponen, 
https://www.flickr.com/photos/150411108@N06/54352976970/

https://www.flickr.com/photos/150411108@N06/54352976970/
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HOW ABOUT THE 

OIL INDUSTRY? 

Too big to fail?
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The European Green Deal Investment Plan aims to mobilize over €1 
trillion in sustainable investments to achieve the EU's 2050 climate 
neutrality goal. Key financial tools include the Recovery and Resilience 
Facility (RRF), which requires 37% of its financing to support climate goals, 
and the Just Transition Fund, providing €19.3 billion to support regions 
heavily reliant on fossil fuels. 
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Electricity Price 
Determination in 
Market Systems

The "Merit Order“?

Lowest cost bids first: Renewable 
energy (wind, solar, which have near-
zero marginal cost) and nuclear.

Middle bids: Coal plants.

Highest bids: Natural gas "peaker" 
plants (used only when demand is 
very high).
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REMINDER
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EASY?



AARHUS 
UNIVERSITY
DEPARTMENT OF ENGINEERING



AARHUS 
UNIVERSITY
DEPARTMENT OF ENGINEERING

DEVARAJAN RAMANUJAN

ASSISTANT PROFESSORNOV 2020

ENERGY POLICY OR 

ENERGY POLITICS?



Overskrift én linje
Bold eller Regular

We’ve started BUILDING EVERYwhere, with no CONTROL



Energy Efficiency



Demand Side Management & Demand Response



Flex your power

In California ISO, there is the program ‘flex your power’ , Participants, receive a 
monthly bill credit of $7 per kW for agreeing to reduce demand by a pre-
determined amount - 15% or 100 kW, whichever is higher — during emergency 
situations (“Flex Alert” programme)

Most people sign-up to receive Flex Alert notifications via email and on mobile 
phone and soon after the call they:

turn off all unnecessary lights, computers and appliances
2) postpone using major appliances until after 7 p.m.
3) turn air conditioning thermostat to 25.5° C or higher (California ISO, 2011).
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Electromobility, ELECTRICITY MARKETS, & Demand 

Response

For the Grid
• RES Storage
• Load shifting, Ancilliary Services
• RES Integration

For the User
• Energy Cost Management
• Motivation for participation
• Net metering



Time-OF-USE



Time-OF-USE: Can they be better?
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AARHUS 
UNIVERSITY
DEPARTMENT OF ENGINEERING

DEVARAJAN RAMANUJAN

ASSISTANT PROFESSORNOV 2020

LAST BIT?
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THE ENERGY WORLD IS BECOMING SMARTER THAN YOU.

CAN YOU HANDLE THIS?



THANK YOU

QUESTIONS?



Energy Policy & Carbon Pricing

1st TETHYS summer school - Day 4

George Xydis
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Let's imagine companies operating in a region that has just implemented 
a carbon price of $50 per tonne of CO₂.

Company A: Coal-Fired Power Plant

Company B: Natural Gas Power Plant

Company C: Wind Energy Company

The carbon price doesn't pick a winner. Instead, it changes the entire 
playing field. It makes the social cost of pollution a private cost for the 
emitter. This simple price signal triggers a cascade of decisions across the 
industry, from daily operations to multi-billion-dollar investment 
strategies, systematically shifting the entire economy towards a lower-
carbon future.

Old Business Model? 

Impact of Carbon Price?
Behavioural Changes? Short term and Long term? 
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In Australia

Australian electricity and gas markets
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REMINDER: The EU Emissions Trading 
System (EU ETS) started in 2005
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As of January 2025, all UN countries have endorsed the Paris Agreement, but Iran, Libya, and Yemen have not 
formally ratified it, making them the only nations not formally part of the agreement. The United States is the 
only country that has withdrawn from the agreement, a decision made by President Trump in 2017 and 
reaffirmed in 2025

193 member countries of the UN + 2 UN General Assembly 
observer states, the Holy See and Palestine. 
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THANK YOU

QUESTIONS?



Environmental & Regulatory Barriers

1st TETHYS summer school - Day 4

George Xydis
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EVERY NEW PROJECT 
APPLICATION PROJECT NEEDS 2 

THINGS: 

1. ENVIRONMENTAL IMPACT 
ASSESSMENT

2. ENERGY ANALYSIS



ENVIRONMENTAL IMPACT 
ASSESSMENT (EIA)

EIA of a project is the assessment 
of the environmental 

consequences (positive & 
negative) prior to the decision to 

move forward



WHY DO WE NEED AN EIA?



HOW DO WE START ?



HOW DO WE START ?



HOW AND WHAT TO 
MEASURE?



HOW AND WHAT TO 
MEASURE?















HOW DO WE START? 
HOW AND WHAT TO MEASURE ?



IN THEORY…



GOING BACK TO THE OFFICE
Step 1: Create a project folder and transfer all notes on your PC

Step 2: Understanding how hard it is!!!



@ THE OFFICE
Step 3: Preparing the application

i) EIA 

Project is developed around: i) EIA and ii) Energy Analysis 



@ THE OFFICE
Step 3: Preparing the application

i) EIA 

Project is developed around: i) EIA and ii) Energy Analysis 



@ THE OFFICE
Step 3: Preparing the application

ii) Energy Analysis

Gather all the info-constraints-parameters under 1 plaform 

(GE, GIS, DXF)



PLANNING 
CONSTRAINTS





MORE CONSTRAINTS 

http://www.admie.gr/to-systima-metaforas/anaptyxi-systimatos/dekaetes-programma-anaptyxis-systimatos-metaforas-dpa/
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Zooming allows us to:

- Determine areas of interest 
for wind project development

- Export site boundaries to 
siting software

- Optimize wind farm location 
based on opportunities

- Identify socio-political risks 

(Enevoldsen & Bakhtaoui, 2018)
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Enevoldsen & Jacobson (2021) found that the European spacing distance for multi-megawatt wind 
turbines are
- 19.8 (6.2-46.9) and 20.5 (16.5-48) MW/km2.(Onshore)

- 7.2 MW/km2 (3.3-20.2) (Offshore)

The current available Spanish area is approx. 203,725 km2

Year 2020 2030 2050

Land Required (km2) 1,650 2,482 6,460



TOOLS YOU USE @ THE OFFICE – PRIMARY WRA RESULTS



WF SITING 
EXERCISE 



OFFSHORE WIND DEVELOPMENT CONSTRAINTS



OFFSHORE WIND DEVELOPMENT CONSTRAINTS



OFFSHORE WIND DEVELOPMENT OBSTACLES

- Time it takes to get projects started

- Maintenance and Support

- Heavy storms or hurricanes, can damage wind turbines

- Waste Management



SUPPLY CHAIN CONSTRAINTS:
WINDFARM SUPPORT VESSELS



INTERCONNECTION SCENARIOS IN EUROPE



EXERCISE

Offshore wind farm 
development 
zones in the East 

Coast, USA

Go to: 4C Offshore 

Let’s assume that the average size of the wind blades that will
be used is going to be approximately of the 10 MW wind
turbine. A 2.3 MW wind blade weights approximately 10 metric
tons (t), while a blade of a 9.5 MW turbine could reach up to 35
t. It is given that the tot. area of all the polygones is 15,000 km2,
and that the capacity density equals 15 MW/km2.

1. What’s the Total Offshore Wind Capacity to be installed in
the East Coast? Roughly, how many wind turbines?

2. What’s the cumulative Total Offshore Blade Waste?
3. What’s the amount of plastic waste in the world today?

Comments? Thoughts?

https://www.4coffshore.com/offshorewind/


THANK YOU

QUESTIONS?



Oil & Gas Economics: 

Benchmarking for Renewable 

Energy Investments

1st TETHYS summer school - Day 4
George Xydis



Oil Majors – Seven Sisters

Oil & Natural Gas

???







(1997, 2007, 2018)





How much?

In the 1970s, drilling under a mile or more of water 
to a reasonable ground depth was unheard of. 

More recently, shale gas
has come onto the scene



How much?





External factors





External factors



BASE LOAD…VOLATILE PRICE



BASE LOAD…VOLATILE PRICE





For How long?



Profits per stage



Politics…

Overlapping Claims







Contracts



Contracts



Contracts

Q1

Q2



Contracts

Q1

Q2
Combined Total (Pipeline + 
LNG): total Russian gas exports 
to Europe in 2023 were in the 

range of 40-45 BCM.

2021: Russia exported ~175 BCM 
of pipeline gas to the EU and UK.
This supplied about 40% of 
Europe's total gas consumption.



Contracts

Last year, China purchased a record of more than 100 
million tonnes of Russian crude oil, which accounted for 
almost 20% of its total energy imports.

Likewise, oil exports to India, which made up only a 
small fraction of its imports before the Ukraine war, has 
since grown to some $140bn (£103.5bn) since 2022.

Together, China and India make up the majority of 
Russia's energy exports.

Trump’s administration imposed an 
additional 25% tariff as a punishment 
for buying Russian oil. New Delhi 
described the White House's decision as 
"unjustified", given their history of 
trade.

China launches the Arctic Silk Road 

On Sept 20, the “Istanbul Bridge” 
will sail from Qingdao, China to 
Europe via the Arctic Sea.

Transit time: 18 vs 28 days through Suez



Contracts

https://www.imf.org/en/Publications/WP/Issues/2023/08/22/IMF-Fossil-Fuel-Subsidies-Data-2023-Update-537281
https://www.imf.org/en/Publications/WP/Issues/2023/08/22/IMF-Fossil-Fuel-Subsidies-Data-2023-Update-537281














What does 10% discount rate mean? For instance, if you invest $100 
today in a savings plan with a 10% interest rate, it will accumulate to 
$110. 

What is the company's hurdle rate? The hurdle rate refers 
to the lowest rate of return on an investment necessary to 
cover its expenses.

In simple terms, the weighted average cost of capital 
(WACC) indicates the expected return that both lenders 
and shareholders anticipate receiving for investing in a 
company. For instance, if lenders expect a 10% return and 
shareholders anticipate 20%, then the company's WACC 
would be 15%.









Macroeconomics of Oil & 

Natural Gas



Q: What will happen with the 

discovery of large natural gas 

fields in our country?

A. We’ll all get rich & go to the Bahamas?

B. We’ll go bankrupt?

C. The country's manufacturing sector will decline



"Resource Curse" or 

the "Dutch disease"

With the conquest of the Aztec and Inca empires and supercharged by massive silver mines in modern-day Bolivia, 
Spain became the wealthiest nation in the world (Between the 16th and 17th centuries, over 180 tons of gold and 
16,000 tons of silver were shipped to Spain). The Spanish Crown made a series of catastrophic financial decisions:
1) Wars with France, 2) Wars with the Ottoman Empire (the prize: The Mediterranean Sea), 3) The Dutch Revolt: to 
suppress a rebellion in the Netherlands, and 4) The Spanish Armada: A failed attempt to invade England in 1588)

History repeats itself because no one was listening the first time

Neglect of Domestic Economy + Massive Inflation

Why bother farming, manufacturing textiles, or 
building workshops when you can just wait for 
the next shipment of silver from across the 
ocean? Spain's domestic agriculture and industry 
stagnated and decayed

Spanish goods became too expensive to 
export, so they started importing everything 
from other European countries. The wealth 
flowed through Spain to its rivals.

When the fleets were delayed or captured by pirates, or when expenses exploded, the Spanish Crown simply 
declared Default. This happened in: 1557 (The first of many sovereign defaults in history), 1560, 1575, 1596, 
1607, 1627, 1647, 1652, 1662



"Resource Curse" or 

the "Dutch disease"

The term "Dutch disease“ originated from the economic situation in the Netherlands after the discovery of large 
natural gas fields in 1959, which led to a decline in the country's manufacturing sector. The country experienced a 
large influx of foreign currency, from increased natural gas exports. This influx of wealth causes the domestic currency 
to appreciate in value. 

History repeats itself because no one was listening the first time

Decline in Other Sectors + Deindustrialization

The stronger currency makes it more expensive for 
foreign buyers to purchase the country's other 
manufactured or agricultural goods, reducing their 
export competitiveness. It also makes imports 
cheaper, which can hurt domestic industries

As a result, the manufacturing and other 
traditional export sectors shrink, leading to 
job losses and economic stagnation in these 
areas, sometimes referred to as premature 
de-industrialization.







Do you see anything weird?





Natural Gas dead end – The relations with Russia

• … ‘’To sum up, Europe’s goal of significantly 
diversifying away from Russian gas is challenging 
but not impossible in the short to medium term 
(through 2020-2025). Among the many challenges  
are the uncertainties regarding some of the most 
promising non-Russian gas supply options, such 
those from the Middle East and Caspian regions. 
The resolution of these uncertainties depends on 
the actions and political will of others (such as the 
US, Russia, and China) as well as Europe’s ability to 
speak in its own voice. This latter would be 
significantly boosted by the introduction of a 
Special Envoy…’’



Natural Gas 
imports from 
Russia in 2021



NORWAY









Current Trends

















Innovation & Technology
Health & Safety







Reminder

…



THANK YOU

QUESTIONS?



[LCoE & Cash Flow Analysis]

[George Xydis]









OFFSHORE WIND FARM 
DEVELOPMENT
From Development to Execution to 
Operation of an offshore wind farm

Through the lens of 
an Independent 
Power Producer



Screening

• Country 
assessment

• Greenfield 
assessment

• JV/partnerships

• Land grabbing

Development

• Environmental 
impact

• Technical 
assessment

• Business case 
analysis

• Bid preparation

Execution

• Contract 
preparation and 
signing

• Installation

Operation

• 25-35 years

• Maintenance

• Potential 
divestment

6

WIND FARM PHASES
Bid Submission



OPEXCAPEXDEVEX

7

COST TIMELINE & LCOE

Bid Submission FID Transfer to OPs
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LCOE



9

LCOE
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WIND FARM SCREENING AND DEVELOPMENT



11

WHAT IS A WIND FARM



Energy mix 

Other renewables

Electrical grid

Electrical market

Political willingness

Overview of potential 
areas (technical 

analysis)

Regulatory and 
offshore wind 

framework

Country 
assessment

12

SCREENING OF SITES

Market entry

• JV venture or independent entity

• Greenfield analysis

• Land grabbing 

• Lease area auction

• Gaining site right in other means 



– Soil conditions

– Wind speed and direction

– Bathymetry

– Distance from the shore (?)

– Grid connection

– Harbour vicinity

– Environmental protected areas

– Constraints like: shipping lanes, cables, Unexploded 
ordnance (UXOs)

– Fisheries

13

SITE SELECTION



Wind Turbine (WTG)

Foundation/Floaters

Array cable

Offshore and Onshore Substation 

Export cable
14

WIND FARM COMPONENTS



15

WTG TYPE

• Wind climate

• Rotor size

• Local content requirements



FOUNDATIONS SUPPLY AND INSTALLATION



17

BUSINESS CASE
• Payment plan

• Currency

• Inflation and Exchange rate 

forecast

Important date: FID

IRR 
NPV

DEVEX

CAPEX

OPEXABEX

EYA



Beauty contest

– Technical and financial assessment of the 
developer

– Local content

– Extensive Bid documentation

18

AUCTION REGIME

Combination

• Environmental impact assessment

• Supply chain pain & Supply chain plan 



19

WIND FARM EXECUTION



From the 
manufacturer

To the feeder 
port

To the site

20

INSTALLATION



After complete installation of the entire wind farm and commissioning of the WTGs, it is handed over to operations for the 
rest of the wind farm lifetime

21

HANDOVER TO OPERATION



22

AVAILABILITY AND MAINTENANCE





























THANK YOU

George Xydis



Energy Investment Metrics: NPV, 

IRR, LCOE & LCOH

1st TETHYS summer school - Day 4
George Xydis
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Similarly, LCOH is the Levelized Cost of Hydrogen 
Meaning (again)…
The average cost to produce one kilogram of hydrogen 
over the entire economic life of a production facility

It helps compare different hydrogen projects, assess their economic 
viability, and identify key cost drivers like electricity prices and electrolyzer
costs
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investments?  
ANS: yes, but there is no single "perfect" number. 

A. Net Present Value (NPV) B. Internal Rate of Return (IRR)

The value of an investment today, after 
accounting for the cost of the investment and all 
future cash flows, discounted back to the present

It's the discount rate that makes the NPV of all 
cash flows equal to zero.

How to use it: It gives you a percentage return. 

NEXT PAGE
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investments?  
ANS: yes, but there is no single "perfect" number. 

B. Internal Rate of Return (IRR) It's the discount rate that makes the NPV of all 
cash flows equal to zero. How to use it: It gives 
you a percentage return. 
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investments?  

https://www.lazard.com/media/uounhon4/lazards-lcoeplus-june-2025.pdf
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https://www.lazard.com/media/uounhon4/lazards-lcoeplus-june-2025.pdf
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https://people.uop.gr/~gxydis/_CASHFLOW_MODELGX.xls

THANK YOU

QUESTIONS?

https://people.uop.gr/~gxydis/CASHFLOW_MODELGX.xls
https://people.uop.gr/~gxydis/CASHFLOW_MODELGX.xls
https://people.uop.gr/~gxydis/CASHFLOW_MODELGX.xls
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