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Balance sheet basics



Introduction to corporate finance

Goal: understand how companies invest in new projects.

Starting a firm takes investment into assets: inventory (raw materials), machinery, land,

buildings, and labour.

The value invested into the assets has to be matched by the value raised by financing.

By producing and selling products, the firm generates cash – the basis of value creation for

the firm’s owner.
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Balance sheet model of the firm

Balance sheet: total assets must equal liabilities owed to others plus equity.

=
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Balance sheet: examples

ASSETS

Current assets:

• Bank accounts

• Money owed by customers

• Securities

Non-current assets:

• Buildings and land

• Machinery

• Intellectual property (e.g. trademarks and

patents)

FINANCING

Current liabilities:

• Short-term debt

• Money owed to suppliers

Non-current liabilities:

• Long-term debt

• Pension liabilities

Equity (assets minus liabilities):

• Investor equity

• Reserves

• Profit from previous years
4



Balance sheet model of the firm
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Project evaluation



Methods of project evaluation

Static methods

(single-period)

• Cost comparison (e.g. per annum:

operating costs plus average annual capital

costs plus depreciation per year)

• Profit comparison (revenue minus costs)

• Return on investment (ROI =

EBIT/(average capital employed per year),

EBIT = earnings before interest and tax)

• Payback period (break-even =

investment/(average cash flow per year)

Dynamic methods

(using time value of money)

• Net present value (PV = sum of

discounted cash flows; NPV = PV -

Investment > 0?)

• Internal rate of return (IRR = interest

rate at which NPV = 0)

• Equivalent annual annuity

(transformation of cash flow series into

annuity)
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Example static method: payback period method

Energy saving project:

New more efficient equipment costs e3,600.

Projected annual energy cost savings: e1,200.

Payback period:
e3, 600

e1, 200/a
= 3 years

Change in annual maintenance costs due to the new equipment has to be considered.
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Present value and discounting



The value of money depends on time

Question 1: What would you prefer: e1000 today, or e1000 in 3 years?

e1000 today can be invested in the bank with an interest rate of 5%.

After 3 years you would have

1000 · (1 + 0.05)3 = 1158

Answer 1: Best to take the money today and use the opportunity to invest!

“Money in the future is worth less than money today.”
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The value of money depends on time

Question 2: What would you prefer: e1000 today, or e1300 in 5 years?

If you invested e1000 today, after 5 years you would have only

1000 · (1 + 0.05)5 = 1276

Answer 2: Best to wait for the e1300 in 5 years!
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Present value

To allow comparison between income and outgoings in different years, we need to agree on a

particular point in time to evaluate the cash flows.

The simplest and most frequently used time point: today’s value, known as the present value.

For an interest rate r we multiply the income or outgoings in year t by the discount factor

1

(1 + r)t

to calculate the present value. We have discounted the future cash flow.

Future income or outgoings are worth less from today’s point of view (as long as r is positive).

“Money in the future is worth less than money today.”
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Cashflow: compounding

Compounding takes the present value to the future value.

If the present value is C0, after T periods with interest rate per period r we get the future

value CT

CT = C0 · (1 + r)T
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Cashflow: discounting

Discounting takes the future value to the present value.

If the future value is CT , the present value is given by

C0 = CT · 1

(1 + r)T
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Discount factor

The discount factor 1
(1+r)T

can become very small for high r and high T :
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Example: present value

For our example with interest rate 5% we can now order the options:

Income (e) Year Present value (e)

1000 3 1000
(1+0.05)3 = 863

1000 0 1000
(1+0.05)0 = 1000

1300 5 1300
(1+0.05)5 = 1019
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Dynamic methods for investment

calculations



Motivation: Power plant investment

A company is considering investing in a photovoltaic plant on its roof. The key figures:

Size 100 kW

Investment cost 800 ekW−1

Operating cost 20 ekW−1 a−1

Feed-In Tariff 0.1 ekWh−1

Full load hours 1000

Period of subsidy 20 years

The company can invest its money elsewhere for a return of 5%.

Is it worthwhile to invest in the photovoltaic plant?

15Source: Fraunhofer ISE Stromgestehungskosten 2018,

Wikipedia

https://www.ise.fraunhofer.de/content/dam/ise/de/documents/publications/studies/DE2018_ISE_Studie_Stromgestehungskosten_Erneuerbare_Energien.pdf
https://de.wikipedia.org/wiki/ENRW_Energieversorgung_Rottweil#/media/Datei:PV_Anlage_auf_der_Rottweiler_Stadthalle.jpg


Investment calculations

An investment calculation quantifies the financial costs and benefits of an investment,

assuming that future income and outgoings can be predicted.

It considers

• Capital costs - Costs for investments and installation

• Consumption costs - Fuel, other materials (e.g. lubricants for wind turbine), etc.

• Operating costs - Maintenance, wages, insurance, management, etc.

• Income - depends on market price, subsidies, and production
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Dynamic investment calculation: NPV method

For a dynamic investment calculation we sum the present values of all cashflows CFt (i.e.

income minus outgoings) over the T years of operation taking account of the hurdle rate or

required rate of return r to get the Net Present Value (NPV):

NPV =
T∑
t=0

CFt

(1 + r)t
=

T∑
t=0

Ut − It − Vt − Bt

(1 + r)t

where It is the capital expenditure in year t, Vt the consumption costs (e.g. for fuel cost ot
and annual production Qt , Vt = ot · Qt), Bt the operating costs und Ut the income (e.g.

average market value pt times annual production Qt , Ut = pt · Qt).

Conclusion: If NPV > 0, the investment is worthwhile.

If NPV < 0, better to invest with a rate of return of r elsewhere.

For comparisons between different investments, a higher NPV should be preferred.
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Relevant cash flows

Cashflow (CF) from financing activities:

• capital expenditures

• sale of assets

CF from operating activities:

• revenues

• operating expenses

• depreciation

• taxes

• change in working capital

18



Relevant cash flows

Opportunity cost: potential benefit or income that is foregone as a result of selecting one

alternative over another are considered. (E.g. Roof taken by solar PV unit could have been

used for solar thermal water heating.)

Sunk cost: Cost incurred in the past that cannot be changed by any decision are ignored.

(E.g. Once you have bought and installed the PV unit, there is no point taking the purchase of

the PV unit into the NPV calculation.)

Salvation value: In case of abandonment (divestment), assets, typically, retain a residual value

(future revenue). (E.g. Selling the PV unit to a neighbouring firm.)

Depreciation tax shield: Yearly depreciation amount is deducted from the income tax base.

The resulting tax saving [depreciation amount x tax rate] is added as a positive cash flow.
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Example: Rooftop photovoltaic unit

All cash flows (costs and income) in e:

year t 0 1 2 · · · 20

Capital costs It 80,000 0 0 0

Operating costs Bt 0 2,000 2,000 2,000

Income Ut 0 10,000 10,000 10,000

Net cash flow Ut − It − Bt -80,000 8,000 8,000 8,000

Discount factor 1
(1+r)t 1 1

(1+r)
1

(1+r)2
1

(1+r)20
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NPV simplification

If investments only occur in the first year, and the costs and income for the following years are

constant, we can simplify the NPV formula:

NPV = −I0 + (U − V − B)
T∑
t=1

1

(1 + r)t

The sum
∑

is called the Present Value Factor PVF (r ,T ).

For a geometric series with |q| < 1 we have
∑∞

n=0 q
n = 1

1−q . For q = (1 + r)−1 we can

simplify the formula

PVF (r ,T ) =
T∑
t=1

1

(1 + r)t

=

[
1

(1 + r)
− 1

(1 + r)T+1

] ∞∑
t=0

1

(1 + r)t
=

[
1

(1 + r)
− 1

(1 + r)T+1

]
1

1− (1 + r)−1

=

[
1

(1 + r)
− 1

(1 + r)T+1

]
1 + r

1 + r − 1
=

1

r

[
1− 1

(1 + r)T

]
21



Present Value Factor

The Present Value Factor PVF (r ,T ) brings a series of equal payments g = U − V − B to the

present value (orange) so that they can be compared with the initial investment I0.
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Present Value Factor: Table

The Present Value Factor PVF (r ,T ) =
∑T

t=1
1

(1+r)t =
1
r

[
1− 1

(1+r)T

]
.
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Example: Rooftop photovoltaic unit

For our example with r = 0.05

NPV = −80, 000 + (10, 000− 2, 000) · 1
r

[
1− 1

(1 + r)T

]
= −80, 000 + 8, 000 ∗ 12.5
= 19, 698

Conclusion: It’s worthwhile to invest in the photovoltaic unit!

NB: The calculation is very sensitive to the hurdle rate, e.g. with r = 0.08

NPV = −80, 000 + 8, 000 ∗ 9.8
= −1, 454

Conclusion: The investment is not worthwhile.
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Internal rate of return (IRR) method

The Internal Rate of Return (IRR) is the required hurdle rate to reach the point NPV = 0.

In our example you can either experiment or use the Newton-Raphson algorithm to determine

the IRR r by solving

0 = NPV = −I0 + (U − V − B)
T∑
t=1

1

(1 + r)t

We must solve:

PVF (r ,T ) =
I0

U − V − B

In our example we have PVF (r , 20) = 80,000
8,000 = 10 and find an IRR of r = 7.75%.

This is higher than alternative investment opportunity of only 5% ⇒ invest in the solar plant!

Projects with similar risk profile but higher IRR should be preferred!
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Internal rate of return (IRR): another example

I0 5,000,000 EUR

T 20 years

Bt 200,000 EUR

Q 500,000 units

p 1.70 EUR/unit

Ut = p · Q 850,000 EUR

Ut − Bt 650,000 EUR

Solve for r :

0 = NPV = −I0 + (U − B)PVF (r ,T )

i.e. find r such that:

PVF (r ,T ) =
I0

U − B

In this case PVF (r , 20) = 5,000,000
650,000 = 7.7.

⇒ r ∼ 11.6%.
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Annuity method

For the annuity method, instead of bringing all cashflow (CF = U − V − B) to the present

value, we convert the initial investment to identical annual payments to compare them with the

cashflow.

The NPV method asks: is NPV = CF · PVF (r ,T )− I0 > 0?

The annuity method asks: is CF − I0
PVF (r ,T ) > 0?

By dividing I0 by PVF (r ,T ) we get the annuity, i.e. the annualised investment cost

a = I0
PVF (r ,T ) . The factor a(r ,T ) = 1

PVF (r ,T ) is the annuity factor, which spreads the capital

costs I0 evenly over the operational years of the investment while taking account of the rate r

(like a mortgage for a house).

The formula for the annuity factor is derived from that for the PVF:

a(r ,T ) =
1

PVF (r ,T )
=

r

1− (1 + r)−T
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Annuity Factor: Table

The Annuity Factor a(r ,T ) = 1
PVF (r ,T ) =

r
1−(1+r)−T .
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Examples of annuity factor

AF = Annuity Factor, a(r ,T )

Lifetime T Discount Rate r AF a(r ,T )

years % per unit

20 0 0.05

20 5 0.08

20 10 0.12

20 20 0.21

40 0 0.025

40 5 0.06

40 10 0.10

40 20 0.20

Things to notice:

• AF reduce to 1/T in limit r → 0

• AF climbs steeply with r

• For long lifetimes, AF is similar to short

lifetimes for high r - in reality investors try to

pay off investments faster than lifetime
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Annuity method applied to PV plant example

For our PV plant the cashflow per year over the 20 year lifetime is:

CF = U − B = 10, 000e/a− 2, 000e/a = 8, 000e/a

The annuity is for r = 5% and T = 20a:

a = I0 · a(5%, 20a) = 80, 000e · 0.08/a = 6, 400e/a

Since CF − a = 8, 000e/a− 6, 400e/a = 1, 600e/a > 0, we should invest in the project!
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Comparison of dynamic methods

Investment I0 is period 0, identical

cashflows (CF) in periods 1 to T .

NPV method: discount all cashflows to

the present (period 0) and construct net

present value (NPV).

Annuity method: Convert investment into

identical annual payments, so that they’re

comparable with the cashflows.
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Hurdle rate and sources of capital

The hurdle rate represents cost of capital and project risk.

Hurdle rate = risk-free interest rate (e.g. from government bonds) + risk premium

How to raise cash for capital expenditures?

Equity (own capital) - raised from shareholders

• rewarded by dividends + the difference in the market price of shares (if positive)

• right to share in assets remaining after liabilities in case of liquidation

• participate in managing the firm

Debt (borrowed capital) - borrowed from creditors / debtholders

• rewarded through interest

• preferred over shareholders (incl. in case of bankruptcy)
32



Weighted Average Cost of Capital

Weighted Average Cost of Capital is the cost of capital weighted by its source:

WACC =
E

E + D
re +

D

E + D
rd(1− t) (1)

where E is market value of equity, D is market value of debt, re is the return on equity, rd is

the debt interest rate and t is the corporate tax rate. (The amount of interest paid on debt is

deducted from the taxable income. This reduces the income tax paid by the company.)
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German example figures for electricity production technologies in 2018

WACC is the Weighted Average Cost of Capital over the bank interest rate for borrowed

capital (Fremdkapital) and the investor’s return on their own equity (Eigenkapital).

34
Source: Fraunhofer ISE Stromgestehungskosten 2018

https://www.ise.fraunhofer.de/content/dam/ise/de/documents/publications/studies/DE2018_ISE_Studie_Stromgestehungskosten_Erneuerbare_Energien.pdf


WACC in different countries

WACC also depends on each country’s risk profile and the experience of local investors with the

technology, which can improve as the technology becomes established (see Indian PV on right).

35
Source: IRENA 2021

https://irena.org/publications/2021/Jun/Renewable-Power-Costs-in-2020


Debt-to-equity ratio and leverage

In the photovoltaic plant example, the project had an internal rate of return of rtotal = 7.75%.

How is the return on equity re affected by the debt interest rate rd and the debt-to-equity ratio?

Consider the total rate of return, which is equal to the weighted average cost of capital (for

this example we will ignore tax):

rtotal =
E

E + D
re +

D

E + D
rd

Now solve for re :

re = rtotal +
D

E
(rtotal − rd)

Conclusion: assuming rd < rtotal , the higher the debt-to-equity ratio D
E , the greater the

return on equity will be. This is the leverage effect. We use debt to leverage our equity to get

a higher return on equity.
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Debt-to-equity ratio and leverage

Consider now different debt-to-equity ratios for the photovoltaic plant example with

rtotal = 7.75% and rd = 5%.

debt-capital ratio D
D+E equity-capital ratio E

D+E debt-equity ratio D
E re [%]

0 1 0 7.75

0.25 0.75 0.33 8.33

0.5 0.5 1 10

0.75 0.25 3 15

0.9 0.1 9 30

0.99 0.01 99 255

We have used debt to leverage our return of equity to a higher rate. But no bank is likely to

agree to such a small debt-equity ratio as 99!
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Warning: Discounting over long time periods

Over long time periods the discounting can have a very large effect....
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year t
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1
(1 + r)t r = 0%

r = 5%
r = 10%
r = 15%

• Long-term benefits aren’t

seen, e.g. long production

life of nuclear power plants

or benefits of long-lived

efficiency measures

• Long-term costs are also

suppressed, e.g.

decommissioning, waste

disposal, climate damages

• This is a controversial

topic!
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Programming example: photovoltaic plant
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Programming example: nuclear plant
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Interest rates and inflation

A bank offers a one-year nominal interest rate of 10% per year.

E.g. An individual who deposits e1,000 will have e1,100 in a year.

Suppose the rate of inflation is 6% per year.

E.g. A restaurant that charges e10 for a meal today will be charging e10.60 for the same meal

in a year.

Today, the individual could buy e1,000 / e10 = 100 meals.

In a year, they will be able to buy e1,100 / e10.60 = 103.8 meals.

The resulting increase in consumption is 3.8% (and not 10%). 3.8% is the real interest rate,

i.e. the nominal interest rate corrected by inflation.

1 + nominal interest rate = (1 + real interest rate) · (1 + inflation rate)
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Interest rates and inflation

From

1 + nominal interest rate = (1 + real interest rate) · (1 + inflation rate)

we can derive

real interest rate =
1 + nominal interest rate

1 + inflation rate
− 1

= (1 + nominal interest rate) · (1− inflation rate+ (inflation rate)2 − · · · )− 1

= nominal interest rate− inflation rate+ higher terms

⇒ subtracting inflation from the nominal interest rate gives an approximation of the real

interest rate.
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Cash flow and inflation

For future cash flows we can choose either real or nominal values.

Nominal cash flow: actual money in cash to be received / paid.

Real cash flow: the cash flow’s purchasing power.

Nominal cash flows must be discounted at the nominal rate.

Real cash flows must be discounted at the real rate.
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Dynamic Investment Calculation Summary

• Future income or costs are worth less from today’s point of view

• To calculate the present value give the interest rate r , multiply the cash flow in year t

by the discount factor 1
(1+r)t

• To calculate the net present value (NPV) for an investment, sum the present values of

all cashflows (income minus costs)

• If NPV > 0, the investment is worthwhile compared to investing with interest rate r

• For two different investments, a higher NPV should be preferred

• Alternative dynamic methods: internal rate of return method and annuity method

• Long-term costs or benefits are suppressed by discounting
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Levelised Cost Of Electricity

(LCOE)



Levelised Cost Of Energy (LCOE)

You can also solve for the market value or feed-in tariff that’s necessary to cover all the costs of

the investment, i.e. the point where the present value of all income balances the present value

of all costs. You solve for the price p such that

0 = NPV = −I0 + (pQ − oQ − B)PVF (r ,T )

where V = oQ, Q is the annual production and o is the variable cost (e.g. fuel). We find:

p =
1

Q

(
I0

PVF (r ,T )
+ B + oQ

)
=

1

Q
(I0 · a(r ,T ) + B) + o

For the PV plant we find a price of p = 89 e/MWh for r = 0.05.

This value corresponds to the average long-term costs of the unit, since we’ve divided the total

yearly costs by the total production Q. It is called the the Levelised Cost Of Energy (LCOE).

It is also called the Long-Run Marginal Cost (LMRC), since we’ve added to the short-run

marginal cost o an annualised fixed contribution to the capital and operating costs.

Check: The higher I0 or B are, the higher the LCOE. The higher Q is, the lower the LCOE. 45



Parameters for different generation technologies

Here are some typical investment and operational parameters projected for 2020:

Source Lifetime Capital Cost Fix O&M Var O&M η Fuel Cost Marg. Cost

years ekW−1 ekW−1a−1 eMWh−1
el [%] e/MWhth e/MWhel

Hard Coal 40 1200 30 6 39 10 32

Gas OCGT 30 400 15 3 39 20 54

Gas CCGT 30 800 20 4 60 20 37

Nuclear 40-60 6000 0 6 33 3.3 16

Wind Onshore 25 1240 35 0 0 0

Solar PV 25 750 25 0 0 0

O&M = Operation and Maintenance, Var. = Variable, Fix. = Fixed, η = efficiency

For a plant with capacity Gs in MW and yearly production Q in MWhel, we have

I0 = 1000 · Gs · (Capital Cost), B = 1000 · Gs · (Fix O&M), V = Q · o where o is the marginal

cost o = (Marg. Cost) = (Var O&M) + (Fuel Cost)/η. 46
Source: DIW Data Documentation, 2013

https://www.diw.de/documents/publikationen/73/diw_01.c.424566.de/diw_datadoc_2013-068.pdf


LCOE for dispatchable generators depends on capacity factor

The LCOE had the form (Marg. Cost) + (Yearly Fixed Costs)/(Yearly Production). Therefore

it decreases with increasing capacity factor:
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• LCOE > marginal cost

• LCOE starts high then reduces as fixed

costs are spread over more hours

• There are crossing points where some

types of generators become cheaper for

a given capacity factor

• NB: All generators need downtime for

regular maintenance, so cf < 0.9

• NB: Carbon pricing would alter this

graphic by adding to the marginal cost
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LCOE for wind and solar depends on location: auction results 2017

48
Source: Baringa Partners LLP 2017

https://www.baringa.com/getmedia/99d7aa0f-5333-47ef-b7a8-1ca3b3c10644/Baringa_Scottish-Renewables_UK-Pot-1-CfD-scenario_April-2017_Report_FINA/


Levelised Cost of Electricity Since 2009 in US

NB: Treat with care since LCOE doesn’t take account of time or place of generation!

49
Source: Lazard’s LCOE Analysis V11

https://www.lazard.com/perspective/levelized-cost-of-energy-2017/


Real options



Shell abandons Alaska oil field

From Foreign Policy magazine —

David Francis — 28th Sep 2015:

“The decision to abandon oil

exploration at the top of the

world is at once both surprising

and to be expected. It comes just

two months after President

Barack Obama signed off on

Shell’s operations off the coast of

Alaska, and after the company

defended its actions to

environmental groups.”

50
Source: Foreign Policy, 2015

https://foreignpolicy.com/2015/09/28/shell-admits-defeat-in-the-arctic/


Shell abandons Alaska oil field

“Shell today provides an update on the Burger J exploration well, located in Alaska’s Chukchi

Sea. The Burger J well is approximately 150 miles from Barrow, Alaska, in about 150 feet of

water. Shell safely drilled the well to a total depth of 6800 feet this summer in a basin that

demonstrates many of the key attributes of a major petroleum basin. For an area equivalent to

half the size of the Gulf of Mexico, this basin remains substantially under-explored.”

“Shell has found indications of oil and gas in the Burger J well, but these are not sufficient to

warrant further exploration in the Burger prospect. The well will be sealed and abandoned in

accordance with U.S. regulations.”

“[. . . ]Shell continues to see important exploration potential in the basin, and the area is likely

to ultimately be of strategic importance to Alaska and the US. However, this is a clearly

disappointing exploration outcome for this part of the basin”

“Shell will now cease further exploration activity in offshore Alaska for the foreseeable future.

This decision reflects both the Burger J well result, the high costs associated with the project,

and the challenging and unpredictable federal regulatory environment in offshore Alaska.”
51

Source: Shell.com, 28th Sep 2015



Real options

Cash flows used for calculation under NPV method are future projections and, thus, estimated

values.

Uncertainty determining the risk of a project may be resolved during its lifetime.

Flexibility to react to changes is part of investment evaluation.

Financial options theory has been applied to physical investments.

Option is the right to buy [or sell] the underlying asset at a specified price during [or at] a

specified time. Option holder pays option premium to option writer.

Real options are physical investments that allow the owner the option to do something (e.g.

sell or buy a commodity) in the future.
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Real options: valuing project flexibility

“A real option is a right, but not an obligation, to do something for a certain cost within or at

a specific time.” (Source: He, 2007)

Options to make adjustments to the project once it is accepted based on new information:

• delay investment until an uncertainty disappears (timing option)

• expand or reduce the scale of the project

• change the input or output of the project

• abandon the project if a pessimistic scenario materialises

Example: oil or gas field with production costs exceeding the current oil/gas price but still

valuable with a view to a potential future rise in the price.

Example: buy land next to power plant that gives option to expand later, depending on market

conditions.
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Real options versus NPV method

NPV method: more uncertain assets have relatively less economic value ⇒ riskier investments

are penalised by higher discount rates.

Real options theory: uncertainty means not only possibility of future loss but also opportunity

to create value from flexibilities by adapting the project to evolving conditions.

Energy projects are characterised by:

• long time horizons

• large amounts of capital

• high uncertainty

⇒ real options theory can be helpful.

Must weigh valuation complexity vs. helpful way of thinking.
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Oil drilling problem: Bayesian decision theory

Consider the problem faced by an oil company that is trying to decide whether to drill an

exploratory oil well on a given site. Drilling costs are $200,000 regardless of whether oil is

found.

If oil is found, i.e. the well is ‘wet’, it is worth $800,000. If the well is ‘dry’, it is worth nothing.

Suppose that the oil company estimates that the probability that the site has oil (‘wet’) is 40%.
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Decision tree method

Decision tree method is used for modelling sequential decision problems under uncertainty.

• Decisions: mutually exclusive and collectively exhaustive set of possible alternatives of

courses of action

• Events: mutually exclusive and collectively exhaustive set of possible outcomes (states of

nature) with assigned probabilities. The sum of probabilities in a set of events is equal to

one.

• Payoffs: sum of costs and revenues associated with an alternative
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Oil drilling problem: Decision tree solved (rolled-back)

If drilling is done, expected payoff is

E(payoff) = 0.4 ∗ (800, 000− 200, 000) + 0.6 ∗ (−200, 000) = 120, 000

If no drilling:

E(payoff) = 0

⇒ Drill!
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Oil drilling problem: Advanced decision tree
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Example of drilling uncertainties

Oil and gas upstream industry is characterised by sequential investments.
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Real options: Application examples

• Oil and gas exploration and production projects

• Developing a new technology ⇒ high R&D cost and risk

• Change in regulation, e.g. climate policies ⇒ future CO2 price
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Creating real options for technology development

In 2021 Microsoft founder Bill Gates announced the Breakthrough Energy Catalyst programme,

which “ is designed to get governments, companies, innovators, and philanthropists to work

together to play their unique role in commercializing clean technology fast. We intend to

directly invest up to $3 billion over 5 years to advance vetted projects in four key areas: direct

air capture, green hydrogen, long-duration energy storage, and sustainable jet fuel.”

Why do you think he chose these technologies?
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https://www.gatesnotes.com/Energy/This-is-how-we-build-a-zero-emissions-economy


Creating real options for technology development

Direct air capture, green hydrogen (using electrolysers), long-duration storage (possible with

green hydrogen) and sustainable jet fuel (possible with green hydrogen) all are just at the start

of their experience curves. High levels of uncertainty - 50% and 95% confidence intervals:
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https://www.inet.ox.ac.uk/files/energy_transition_paper-INET-working-paper.pdf


Analogy to solar PV

Consider hypothetical what-if question. When would the best time have been to invest $5
billion in solar? Benefits of early investment: shows us options early, resolves uncertainty, have

biggest impact on cost reduction, reducing green premium of clean technology.
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https://www.gatesnotes.com/Energy/This-is-how-we-build-a-zero-emissions-economy
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