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Koomey’s law
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Relative energy e ciency of computers.
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The improvements relative to en-
ergy consumption, summarized as
Koomey’s Law, have assumed
great importance in an energy-
constrained world, from large data
centers with xed power draw to
mobile devices with xed battery
life. This trend could con-
tinue for at least another several
decades.

Denning and Lewis, 2017
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GREENER Principles

Large (hyperscale) data centers are expected to be more energy-efficient, but
they may also encourage unnecessary increases in the scale of computing
(rebound e ect).

(GREENER principles for environmentally sustainable computational science, 2023)
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Absolute Power consumption is rising
DATA-CENTRE ENERGY GROWTH

China and the United States are predicted to account for nearly 80% of
the global growth in electricity consumption by data centres up to 2030*.
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*Predicted trajectory under current regulatory conditions and industry projections.
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Computing in perspective

GLOBAL ELECTRICITY GROWTH

Data centres are expected to account for less than 10% of
the growth in electricity demand between 2024 and 2030*.
Industry excl. heavy industry
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*Predicted trajectory under current regulatory conditions and industry projections.
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i ttern in HPC
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TOP500 Power #1 Systems.
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Same power pattern in HPC?
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Same pattern at HLRS?

HLRS Efficiency
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Jevons paradox

It is wholly a confusion of ideas to
suppose that the economical use
of fuel is equivalent to a dimin-
ished consumption. The very con-
trary is the truth.

Jevons in The coal question, 1865

William Stanley Jevons (1835-1882) 9/19



Controversy around rebound effects

Two readings of the paradox:

1. Increased e ciency causes demand to incease.
2. Increased e ciency is correlated with increasing demand.

10/19



Controversy around rebound effects

Two readings of the paradox:

1. Increased e ciency causes demand to incease.

2. Increased e ciency is correlated with increasing demand.

2. is uncontroversial, while there is considerable debate around 1. - especially about the

size of the e ect.
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Correlation is enough to cause unwanted effects

Undermines well meant intentions.

GREENER principles call for e ciency
to reduce environmental impacts.

But increased resource usage in spite of
e ciency gains!

Why focus on e ciency at all?
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Economical considerations
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Elastic demand for compute.

Why?

What is the relation between e ciency
and compute cost?

Who demands compute? Who o ers
compute?
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Compute cost is trending down

Figure 5: Combined cost of computation Chip Index in 2021$ (1999-2022)
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Who demands compute? (in HPC)

The single citizen does not demand compute.
Governments and politicians rarely do.
Scientists do.

(Industry does).

Science uses compute to add value to scienti c¢ products. These get o ered to society.
This is not a traditional economic market!
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Who offers compute? (in HPC)

National computing centers.
Industry.

The scienti ¢ HPC infrastructure is
somewhat decoupled from the market. Do
market rules apply? We optimize stakeholder
rather than shareholder value.
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What should we do?

Ideals are all very well, but sometimes the gaps between an ideal and the predica-
ments in which people nd themselves are large enough to make it unclear what
should be done.

A recurrent predicament arises because of the opportunity to pursue research that
is likely to have consequences of which those who would be most affected are
largely unaware

(Philip Kitcher, Science, Truth and Democracy, 2001)
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Should efficiency be eschewed?

E ciency improvements are unlikely to a ect demand.

We believe that the resources entrusted to us should be used in the most e cient
way.

We believe that this is what our stakeholders expect.

There is thus a justi cation for increasing e ciency even in the face of increasing
absolute power consumption!
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