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1. TRANSFORMATION OF ANGULAR EXTENT

The presented étendue-squeezing concentrators compress the angular extent of the light along
the y-axis, while also shifting it so that the light is redirected towards the common focal line.
To show this transformation, we plot how radiance in direction cosine space is modified by
the concentrator, as shown in Fig. S1. The transformation in angular extent from position a to
position a’ shows how the angular extent is reduced along the y-axis (M-component in the figure),
while the angular extent along the x-axis is increased (L-component in the figure). The angular
extent along the x-axis was not penalized in the optimization, and the optimization algorithm has
therefore selected a design where this angular extent is magnified by a large factor. This leads to
the observed reduction in radiance.

At point b-b’ in the concentrator, we observe how the concentrator performs the combined
action of compressing the angular extent along the y-axis while also shifting it in the y-direction,
so that the light is redirected to the common focal line.
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Fig. S1. Transformation of angular extent as light passes through the étendue-squeezing con-
centrator, shown as radiance in direction cosine space. Note that scale of the y-axis has been
compressed in the a’ and b’ plots to prevent the figure from becoming too wide.

2. INTENSITY DISTRIBUTION OF THE IDEAL 2D CONCENTRATOR

Fig. 5 of the main paper shows the intensity distribution across the focal line for the two
étendue-squeezing concentrators compared to an ideal linear concentrator. While this ideal
linear concentrator may be expected to have a uniform intensity distribution exactly at the 2D
concentration limit, this is not the case when it is evaluated under the same conditions as the
étendue-squeezing concentrators. Therefore, the real intensity distribution of an ideal imaging
linear concentrator under these same conditions is used to provide a fair comparison. A brief



explanation of the non-uniformity of this concentrator is included here, while a more thorough
discussion is left for other work.

If an ideal concentrator is illuminated with uniform radiance over its full acceptance angle and
full aperture, it achieves a uniform intensity distribution exactly reaching the thermodynamic
concentration limit[1]. However, if the radiance is not uniform, the concentrated intensity profile
may also be non-uniform.

An ideal reflective linear concentrator designed for an acceptance angle of θmax accepts all rays
where the projected angle θp in the 2D plane of the concentrator (the y-z plane in the coordinate
system in Fig. S2a) is less than θmax[1, 2]. This angular acceptance region takes the shape of an
ellipse in direction cosine space, with a major radius of 1 and a minor radius of θmax[1, 2], as
illustrated in Fig. S2b. When evaluating the concentrators in this paper, we use a rotationally
symmetric angular distribution with a radius θmax, which represents subjecting the concentrator
to two-axis solar tracking. This angular distribution does not fill the full angular acceptance of
the ideal linear concentrator, despite using the same value of θmax, as illustrated in Fig. S2, and
the intensity profile is therefore no longer necessarily uniform. The amount of non-uniformity
depends on the type of ideal concentrator. For simplicity we have used the extreme case of an
ideal imaging concentrator where the y-position of each ray on the focal line only depends on the
ray’s projected angle of incidence in the y-z plane, θp.
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Fig. S2. (a) Coordinate system assumed for the ideal linear concentrator. (b) Illustration of
geometry mismatch between angular acceptance of an ideal linear concentrator, compared
to the circular angular distribution used to generate Fig. 5 of the main paper. L is direction
cosine along the length of the linear concentrator and M is direction cosine across its width.
This plot shows the case when θmax = 10◦ in order to make the region large enough to be
clearly visible, but the same geometry applies when θmax = 1◦ as in the main paper. The lines
of constant projected angle θp shows how different projected angles receive illumination with
different angular extent allong the x-axis, leading to the nonuniform intensity profile for an
ideal imaging concentrator.

3. MOTIVATION FOR A FULL LINE-FOCUS IN CONCENTRATED SOLAR POWER AP-
PLICATIONS

This paper reports on a way to design a three-dimensional concentrator that concentrates sunlight
to a continuous line-focus while going beyond the 2D concentration limit commonly associated
with such concentrators. Fig. S3 conceptually shows how this continuous line-focus compares
to the previously explored approach of going beyond the 2D limit by using secondary concen-
trators to break the line-focus from a parabolic trough into several smaller point-foci[3? ]. For
concentrated solar power (CSP) applications, where the thermal energy may be extracted through
tubular recievers, the continuous line-focus permits the use of a narrower tubular receiver, lead-
ing to lower heat losses. Alternatively, it may permit the use of larger acceptance angles while
concentrated towards the same receiver size.
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Fig. S3. Conceptual comparison between several point foci and one line-focus. The combined
area of the blue point-foci is identical to that of the red line-focus, but the red line-focus is bet-
ter for extracting heat through a tubular receiver.
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