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Abstract

This paper presents a new way to determine measures
of view at the building aperture. It introduces the
concept of the view lumen — this is the illumination
effect received at the building aperture from a visible
external entity (e.g. ground, sky, obstruction, etc.)
which is made self-luminous for this purpose. The
paper describes the fundamental principle behind the
view lumen, and gives some preliminary illustrations
of the technique to show its potential. The examples
employ the British Standard framework to define cat-
egories of view. That is, three layers named upper,
middle and lower comprising, respectively, sky, natu-
ral or man-made objects (e.g. buildings) and ground.
The proposal is an extension of the recently intro-
duced sunlight beam index.

Introduction

The guidelines and recommendations currently used
to evaluate daylight and daylight related quantities
for planning purposes are invariably simplistic in con-
ception, having changed little since they were first de-
vised a half-century or more ago. Techniques such as
climate-based daylight modelling (CBDM) are gen-
erally preferred by practitioners to evaluate building
designs (Mardaljevic (2006)). However they are cur-
rently deemed too complex for their use to be made
mandatory for regulatory purposes, though there is
one notable example where evaluation of school build-
ing designs using CBDM is compulsory (Mardaljevic
(2015)). This paper proposes a novel framework for
the evaluation of daylight and view which has all the
features necessary to form the basis of a regulatory
method for planning purposes. The basis of the ap-
proach is to evaluate meaningful measures of sunlight,
skylight and view for individual or groups of build-
ing apertures, i.e. windows. Importantly, and unlike
many of the existing approaches, the new method ac-
counts for the window size. Although this first im-
plementation uses Radiance, the calculation is fun-
damentally geometric and therefore suited for im-
plementation as, say, a BIM plugin. The outcome
is largely immune to accidental blunders or deliber-

ate game playing providing the geometry is correct —
an essential consideration for any method that could
form the basis of, say, a future EU/CEN standard.

The evaluation of sunlight, skylight and view at the
building aperture presents something of a paradigm
shift compared to existing approaches. The sunlight
beam index (SBI) was originally conceived as a means
to rate a window aperture’s potential to receive sun-
light for solar access purposes (Mardaljevic and Roy
(2016)). SBI is an area measure of the ‘connected-
ness’ of a building aperture to all of the possible oc-
curring sun positions for that locale and for that par-
ticular aspect of the aperture including all possible
obstructing surfaces — averaged across the aperture.
Similarly, the aperture skylight index (ASI) is an area
measure of the ‘connectedness’ of an aperture to the
sky vault in terms of the illumination received from
a uniform luminance sky dome — averaged across the
aperture (Mardaljevic (2017)). This paper introduces
the concept of the ‘view lumen’ as a measure of the
aperture’s ‘connectedness’ to the three key layers that
provide the components of view: ground, foreground
(e.g. buildings) and sky. In effect, the geometry that
comprises each of the view layers is made luminous,
and the flux of illumination from each layer (received
at the aperture and averaged across it) serves as proxy
measures for each of the view layers.

View ‘layers’
The following is from British Standard BS 8206-2

Lighting for buildings — Code of practice for daylight-
ing (British Standards Institute (2008)):

“Daylighting gives to a building a unique variety and
interest. An interior which looks gloomy, or which
does not have a view to the outside when this could
reasonably be expected, will be considered unsatisfac-
tory by its users.”

‘‘Most unrestricted views have three ‘layers’, as fol-
lows:

1. wupper (distant), being the sky and its boundary
with the natural or man-made scene;

2. middle, being the natural or man-made objects
themselves;
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3. lower (close), being the nearby ground.

Views which incorporate all three ‘layers’ are the most
completely satisfying.”

The formulation of view as comprising three ‘layers’
provides the framework for the proposal here that the
lumen can be used as proxy for view. The lumen is the
ST unit of luminous flux (symbol ¢, units Im). The SI
unit of illuminance lux (symbol F units 1x) is defined
in terms of lumens per unit area, i.e. 11x=11mm2.

The principle behind using the lumen as a proxy for
view at the building aperture is simple: the illumi-
nance effect (at the aperture) of a self-luminous ob-
ject is taken to be a measure of the potential view of
that object from the aperture. This is in fact a direct
extension of a recently proposed concept called the
aperture skylight index which, to provide the neces-
sary context, is described below.

The aperture skylight index

The aperture skylight index (ASI) was conceived as
a measure of the ‘connectedness’ of an aperture to
the sky vault in terms of illumination received from
a uniform luminance sky (Mardaljevic (2017)). This
measure was chosen in preference to, say, the solid
angle of sky visible at the aperture for a number of
reasons:

1. Tluminance received at the aperture relates more
directly to the illumination potential of the aper-
ture than solid angle because it already includes
the cosine weighting of the visible sky.

2. The determination of solid angle has to be made
at a point, say, the middle of the aperture,
whereas the illuminance can be determined across
the entire aperture.

3. The use of illuminance determined across the
aperture allows for accurate evaluation of ar-
bitrarily complex shading structures, e.g. brise-
soleil, mashrabiya, etc.

The CIE standard overcast sky formulation was not
used because it is in fact an “extreme” type of over-
cast sky that occurs in reality much less often than
its commonplace usage for daylight evaluations might
suggest (Enarun and Littlefair (1995)). Furthermore,
the ASI is intended to be a measure of connectedness
between the aperture and the sky irrespective of any
particular sky luminance pattern. In that regard, it is
perhaps more in keeping with at least part of the orig-
inal rationale for the daylight factor, i.e. to provide
a rating irrespective of the actually occurring con-
ditions (Mardaljevic and Christoffersen (2017)). The
daylight factor approach may be said, with hindsight,
to have ‘jettisoned’ that founding rationale when the
uniform sky was replaced with the CIE standard over-
cast sky formulation (Mardaljevic (2013)).

The sky is defined as a hemisphere of uniform lumi-
nance. The luminance L assigned to the uniform sky

is 2000/ cdm?. This normalises the sky to deliver
20001x of illuminance on the horizontal. Or equiv-
alently, a 1m? unobstructed horizontal aperture re-
ceives 2000 lm of illumination from the sky, Figure 1.
A vertical aperture ‘sees’ half as much sky as a hor-
izontal one. Thus the aperture skylight index for a
1m? unobstructed vertical aperture is 1000 Im.
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Figure 1: Normalised lux from a sky of luminance
2000/ cdm? as a function of zenith angle 0

The lumen as a proxy for view

Keeping with the convention devised for the aper-
ture skylight index, but extending now the concept
to include view, every square metre of aperture has
the potential to receive 2000 lumens of ‘view’ from
the self-luminous entities that comprise the external
scene. Thus the measure of view of the sky is numer-
ically equal to the aforementioned aperture skylight
index. As noted in the previous section, a horizont-
tal 1m? aperture in a thin roof (e.g. a skylight) ‘sees’
only the sky and so has an aperture skylight index of
2000 Im. In the new schema, the aperture has 2000 Im
of view of the sky. And, of course, no view whatso-
ever of anything else. A vertical 1m? aperture in
a thin wall receives 10001lm of view of the sky and
10001m of view of the ground (in the absence of any
obstructions). The middle ‘layer’ in the British Stan-
dard document is that comprising ‘natural or man-
made objects’, hereafter referred to as ‘obstructions’
for brevity since they can obstruct a view of either or
both of the sky and ground ‘layers’. This is illustrated
in Figure 2 where the three layers of sky, obstructions
and ground are coloured, respectively, red, green and
blue.

As noted in the Introduction, the illuminance re-
ceived at the building aperture from each of the lay-
ers is calculated using the Radiance lighting simula-
tion system (Ward Larson et al. (1998)). The lumi-
nous entities are described in the simulation as fol-
lows. The sky and non-local ground are described as
source solid angles, i.e. effectively at infinity. This
creates a continuous luminous envelope without any
gaps (Figure 2). Nearby ground surfaces are assigned
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Figure 2: Specification of the luminous environment
to calculate the view lumen

the same luminance as the (distant) source solid an-
gle ground. Obstructions which comprise the middle
latey are similarly assigned an equivalent luminance.
The Radiance system has three channels which are
generally used to compute each ray’s contribution
to RGB spectral irradiance, i.e. the primaries com-
monly used in computer graphics to generate colour
images. Note, strictly speaking, luminous entities in
the Radiance system are described in terms of their
spectral radiance. Thereafter, photometric quantities
(typically, illuminance and /or luminance) are derived
from the spectral radiance/irradiance values. How-
ever, for simplicity, the luminous entities in the Ra-
diance scene(s) are described here in terms of their
(derived) photometric values rather than the actual
radiometric quantities specified in the input files.

That the British Standard refers to three layers of
view which is also the number of spectral channels
used by Radiance is, of course, merely a coincidence.
Albeit a useful one since the illuminance contribution
from three (luminous) view layers can be determined
in a single run by setting each respective view layer
to have a red, green or blue radiance value. This also
helps with regard to intelligibility of the scene content
since the layers are readily identified by their colour,
as will be demonstrated in the examples that follow.

Scene 1: Illuminance and view at a

point
Scene 1 description

This example demonstrates the basic principle for us-
ing illumination as a proxy for view by considering
the illumination effect of a unit square polygon (e.g.
‘obstruction’) at various distances and for three view

vectors. A graphic of the scene is shown in Figure 3.
The obstruction is positioned centrally above the XY
plane and aligned along the y-axis. There are five cal-
culation points distributed along the positive y-axis
with distance from the obstruction/origin y, ranging
from 0.2 to 5. The view vector defines the orien-
tation of the (virtual) surface for the calculation of
illuminance, i.e. it is the surface normal for the (vir-
tual) receiving surface. The three view vectors are:
directed towards the obstruction; directed 45° away
from the obstruction; and, directed 90° away from
the obstruction (Figure 3).

10 0)

Figure 3: 3D graphic of scene 1 showing obstruction
and the five calculation points.

Hemispherical and angular fish-eye renderings of the
scene from the viewpoint y,=0.2 and directed along
vector (0 —1 0) are shown in Figure 4. Note, the
hemispherical fisheye view more closely relates to the
illuminance received at the point than the angular
view.

Hemispherical

Angular

Figure 4: Hemispherical and angular (normal) views
of obstruction at y,=0.2.

Scene 1 results

The hemispherical fisheye view of the obstruction and
the illuminance effect produced by it at all 15 combi-
nations of five viewpoints and three view vectors are
given in Figure 5. The illuminance at the point pro-
duced by the (green) obstruction is superposed over
the (blue) ground. For all cases, the total illuminance
from all three view layers is 2000 lux:

2000 = Fagy + FEobs + Egna (1)



The ground comprises half the view in every case,
thus the illuminance effect of the ground Eg,q is
10001lux for all the cases shown in Figure 5. Thus
the illuminance effect of the sky Egk, (not shown in
the figure) is simply:

Eqpy = 1000 — Eop (2)

Figure 5 also shows the solid angle of the obstruction
wobs from the point y, for each of the five distances.
This illustration clearly shows how the illuminance ef-
fect of the obstruction varies with distance and view
direction. At the viewpoint closest to the obstruc-
tion (y,=0.2), the illuminance effect diminishes from
921 lux to 3101ux (i.e. by a factor of ~3) as the view-
point shifts from normal to orthogonal. At y,=1 the
change in view direction results in the illuminance di-
minishing from 360 lux to 42lux: a ~9 drop. At y,=2
the same change in view direction results in a drop of
~16.
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The same data presented graphically better illus-
trates the relation between distance, view direction
and the illuminance effect of the obstruction. Readily
apparent in Figure 6, the fall-off in solid angle closely
follows the overall trends in the diminution of illumi-
nance with increasing distance from the obstruction.
However, of course, the solid angle subtended by the
obstruction at any particular distance is the same ir-
respective of view direction, whereas the illuminance

effect varies strongly with view direction. It would ap-
pear largely self-evident from this simple illustration
that the illumination effect from the layers of view
certainly has some potential to serve as a basis for
the quantification of view. This is further extended
in the example below where, rather than illuminance
at a point, it is lumens arriving at an aperture that
form the the measure of view.
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Figure 6: Illuminance effect and solid angle as a func-
tion of distance.

Scene 2: View lumens at an aperture

Scene 2 description

This scene comprises a hypothetical room with a 1 m?
window aperture set in a 0.3m deep reveal — delib-
erately chosen to be large to demonstrate the view
shading effect of intrinsic structural elements, Fig-
ure 7. A measure of the view of each of the three
layers from the aperture is taken to be equivalent to
the lumens arriving at the aperture from each of the
three layers in turn. The first two cases (A and B)
consider the view layers of sky and ground only. To
illustrate the view shading effect of the reveal, the
first case (A) considers the aperture without the re-
veal; and the next case (B) with the reveal. Three
‘natural or man-made’ obstructions are evaluated in
turn: a sloped object (C); a set of six vertical strips
(D); and, a small square obstruction (E), Figure 7.

For comparison, the view lumens calculated across
the aperture are compared with the view lumens cal-
culated at a single point at the middle of the aperture
— numerically this is equal to the illuminance calcu-
lated at the point multiplied by the area (i.e. 1m?).

Scene 2 results

Prior to the five A to E cases, the first result pre-
sented here is an illustration of the difference be-
tween an area calculation of lumens and a point esti-



Figure 7: 3D graphic of scene 2.

mate when intrinsic shading structures such a win-
dow reveal are present. The illuminance across a
1m? aperture set in a 0.3m reveal is presented in
Figure 8. Note, for this illustration there is no at-
tempt to make a distinction between the three view
layers. Recall that all the luminous entities in the
scene (apart from intrinsic structural elements) have
a luminance of 2000/7 cd m?, and so will produce an
illuminance of 2000 lux in the absence of any shading
from intrinsic structural elements. Thus, without a
reveal, the illuminance across the aperture would be a
uniform 2000 lux. With the reveal, however, the illu-
minance across the aperture ranges from a minimum
of 471 in the corners to a maximum of 1556 lux in the
middle. The mean illuminance across the aperture E
was 1159 1ux (Figure 8). The total lumens ¢ received
at the aperture area A is simply:

¢=EA 3)

Thus the 1m? aperture received 1159 of the maxi-
mum possible 2000 view lumens. The ‘lost’ lumens
are those caused by the shading of the reveal, i.e. a
view loss due to self-shading by intrinsic structural
elements. Consider now the degree to which the mid-
dle point estimate of lumens received (i.e. 1556 1m)
exceeds the actual value calculated across the aper-
ture (i.e. 11591m).

Since each square metre of aperture has the potential
to receive 20001m of view, the view lumens lost due
to shading by intrinsic structural elements (reveals,
overhangs, balconies, etc.) is, in the general case for

an aperture area A, simply:

(z)lost = 20004 — (()bsky + ¢obs + ¢gnd) (4)

Thus, 841 1Im of view were lost due to the deep reveal
for the example shown in Figure 8.
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Figure 8: Illuminance across a 1m? aperture set in a
0.3m reveal

Moving on now to the point estimate and aperture
values of the view lumens for the five A to E cases, the
results are summarised in Figure 9. For each case, the
view lumens from each of the three layers are shown
for the point estimate and the aperture calculation.
The rendering shows the simulated view of each case
from the centre of the aperture.

Case A: For both the point estimate and aperture
calculation the results are identical — both predict a
1000 Im of view of the sky and a 1000 Im of view of the
ground. To be expected since, without a reveal, the
view of the scene does not vary across the aperture.

Case B: Now the shading effect of the reveal
markedly diminishes the view lumens from both the
sky and the ground, however the reduction for the
aperture (1000 to 5801m) is much greater than that
for the point (1000 to 774lm). The view lumens
calculated using the single point totalled 15481m,
whereas those calculated across the aperture totalled
1160 Im.

Cases C to E: For these remaining cases there are
three view layers. In each case, the point calculation
significantly overestimates the view lumens arriving
at the aperture compared to the aperture calculation.
The degree to which this occurs depends on the visual
extent of the obstruction from the aperture. For cases
C and D the point calculation overestimates the view
lumens of the obstruction significantly — by approxi-
mately a quarter and a third respectively. However,
for case E, where the obstruction is centrally placed
and subtends a small angle, the overestimation is neg-
ligible, i.e. 136 view lumens compared to 130 for the
aperture calculation.
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Figure 9: Lumens received from sky, obstruction and
ground — point and aperture calculation

The sunlight beam index

To complete the picture presented here of, what
is tentatively called, ‘aperture-based daylight mod-
elling’, a brief recap of the sunlight beam index is
given in this section. As noted in the Introduction,
the sunlight beam index is a measure of an aperture’s
‘connectedness’ to all of the annually occurring pos-
sible sun positions where sunlight can be incident on
the aperture (Mardaljevic and Roy (2016)). A sin-
gle, unambiguous measure of sunlight beam potential
forms the basis of the sunlight beam index (SBI). The
annual SBI is the cumulative measure of the cross-
sectional area of sunbeam that can pass through a
window aperture over the period of a full year. It
accounts for all the possible above horizon sun posi-
tions and is determined on an hourly or sub-hourly
basis. SBI therefore has a temporal dimension and
can be decomposed into a series of shorter aggregate
time periods, e.g. 12 monthly totals, 24 monthly am

and pm totals, etc.

With the area given in square metres and the time
period given in hours (or more typically, a fraction
of an hour), the sunlight beam index (SBI) has units
of m? hrs. This formulation makes good sense for a
number reasons:

e It is consistent with fundamental illumination
physics (e.g. the cosine law of illuminance as a
proxy for reduced area of cross-sectional beam).

e The penetration depth of the sun’s rays into the
space will be reduced with increasing angle of
incidence.

e Large incidence angle sun illumination on the
window will have a proportionate (i.e. small)
contribution in any evaluation without requiring
any recourse for arbitrary cut-off conditions, e.g.
‘dead angles’, etc.

e The glazed area is properly accounted for.

e Shading — whatever its origin — is properly ac-
counted for.

Any meaningful evaluation must account for the en-
tire year of possible sun positions to capture all of the
potential occurrences of sun and and, importantly,
shading also.

An example temporal map for an unobstructed 1 m?
south-facing vertical aperture for London, UK is
shown in Figure 10. Note, the scale shows a max-
imum of 0.25m? because the SBI is determined for
15 minute increments (for this 1 m? aperture). As ex-
pected, the highest SBI values occur around noon
in winter when the angle between the sun posi-
tion and the aperture surface normal is the smallest.
The annual SBI is 1927 m? hrs, i.e. this is the total
cross-sectional area of sunlight beam that could pass
through the aperture in a year for that orientation/lo-
cation (under continuous clear sky conditions).

1927 m?hrs

m?hrs
025

Month

Figure 10: Sunlight beam index temporal map for a
1m? south-facing aperture in London, UK.

If required, the total SBI for a dwelling or building
can be obtained by summing all SBIs for the rele-
vant windows or window groups. Thus it becomes
possible to characterise the sunlight beam index for
an entire building (e.g. dwelling) with a single SBI
value (Mardaljevic and Roy (2016)). The same could
easily be achieved to calculate the combined view po-
tential for any or all of the apertures in a dwelling,
apartment or building using the view lumen method
described here.



Discussion

The rationale for the sunlight beam index was to have
an approach that could form a common basis across,
say, all EU/CEN countries for the evaluation of sun-
light at almost any level of geometrical complexity.
In fact, the impetus for it was the direct result of
serving on an EU/CEN panel for a number of years
and witnessing at first hand the intractability of ei-
ther improving existing methodologies (all different
in one way or another) by incremental means or fash-
ioning from them a synthesis which could work effec-
tively across all relevant building scales and for all
nations. Since it appeared that the existing method-
ologies were not capable of any incremental improve-
ment that could lead to a viable synthesis, a funda-
mental rethinking of the basis for the evaluation of
the sunlight potential in buildings was needed. This
resulted in the sunlight beam index. Shortly after-
wards, as a complement to SBI, the aperture skylight
index was devised as a measure of the ‘connectedness’
(i.e. skylighting potential) of the aperture.

That rationale has been further extended here to
the consideration of measures of view determined at
the window aperture. The aperture skylight index
has effectively been subsumed within the view lumen
framework since the methodology and the numerical
measure is identical.

Outside — Inside

The connectedness of a building aperture to all of the
possibly occurring sun positions together with mea-
sures of the three layers of view (including the intrin-
sic shading of view) are, it is proposed, potentially
very useful indicators of building performance to have
at the early stages of building facade design. The
sunlight beam index gives a measure of the potential
for sunlight provision, and so could serve as a proxy
for various related aspects of building performance
e.g. glare, overheating, etc. Similarly, the measure
of view/connectedness to the sky (¢siy) is an indica-
tor of the skylighting potential of the aperture. How
these measures relate to actual performance indica-
tors, say, sunlight fluxes and skylight lumens com-
puted using CBDM is yet to be determined — this is
ongoing work.

How the measures of view lumens relate to tradi-
tional notions of the assessment of view in spaces
(e.g. those in the recently published CEN standard
FprEN 17037) presents a rather more challenging
task. Views from inside, of course, depend on a num-
ber of factors — some related to the building design,
others essentially arbitrary (e.g. selected assessment
positions) and/or subjective without perhaps a gen-
eral consensus regarding key determinants of outcome
(e.g. width of the desired view). The proposal pre-
sented in this paper cannot settle any of those is-
sues. However it does perhaps offer another way to
approach them.

Rather than prescribing guidelines for view as it is
presently done (i.e. from inside to outside), another
approach could be to give recommendations for key
geometric properties of the internal space based on
the provision of so many view lumens for each of the
layers (determined at the aperture). Importantly, the
sky layer provides a measure of the skylighting po-
tential of the aperture — a key consideration. Some
prescription would need to be given regarding the po-
sition of the aperture(s) for their potential to offer
view, e.g. something like: ‘a given percentage of the
area of the aperture(s) must fall within a given height
range above the floor’. Other prescriptions could re-
late to the volume of the space together with, say, the
aspect ratio of the floor plan, etc. Another consider-
ation perhaps is the placement of the aperture within
the wall thickness. For view in particular, it could be
argued that the aperture used for calculation should
be a virtual surface coplanar with the inner wall sur-
face, i.e. taking account also of the internal wall re-
veal depth. These are merely speculations to provoke
discussion.

Rights to light

Any new obstruction could have a detrimental effect
(i.e. injury) on the daylight provision to the surround-
ing buildings depending on the particulars of the pro-
posed design/context. Attempts to systematise the
assessment of daylight injury date back to at least the
1800s (Kerr (1865)). Daylight injury can be measured
in terms of the reduced view of the sky or the dimin-
ished illumination from it. Or, it could be judged in
terms of the potential reduction in direct sun inso-
lation, either for particular times of the day/year or
the number of annual probable sunlight hours (Little-
fair (2011)). The method used may depend on local
custom/practice or a legal requirement. In the UK,
the possible infringement of “daylight adequacy” to
an existing space by a proposed building is sometimes
determined using the “rights to light” schema (Har-
ris (2007)). The century-old “rights to light” schema,
originally devised by Waldram, has been critiqued in
a number of papers, e.g. see Chynoweth (2009) and
Defoe and Frame (2007).

Given the simplicity of the aperture metrics, it should
be possible to determine if there is any relation be-
tween a user’s perception of the asset value of a win-
dow and its ‘connectedness’ to the sky and/or sun as
indicated by the view layers metrics and the sunlight
beam index. Such a study would be best carried out
on geometrically similar/identical apartments that
have different levels of view of obstructions, the sky
and the possible sun positions. Thus an aperture-
based assessment of daylight injury could be a more
straightforward replacement for the Waldram method
than say, full-blown climate-based daylight modelling
(Mardaljevic et al. (2015), Ross and Quy (2018)).



Building performance pedagogy

The author believes that the aperture-based approach
described here could help to encourage a more ‘mind-
ful’ approach to full-blown daylight simulation than
appears to be the case today. The proliferation of
easy-to-use climate-based daylight modelling tools,
in particular those that allow for routine paramet-
ric analysis, has resulted in something of a ‘simulate
first, think later’ mindset. Such tools often proclaim
that they are “user centric” and that the generation
of voluminous parametric results somehow “empow-
ers the user”. The reality often appears to be some-
what different: the easy-to-generate reams of simu-
lation output are just as likely to overwhelm rather
than empower the user. Whilst parametric analysis
clearly has its uses, the case is made here that sim-
ulation novices (and not just novices) might better
appreciate the basic principles of daylighting and so-
lar shading from first understanding the performance
of the building space at the envelope level (i.e. the
apertures) before venturing to predict daylight met-
rics for the inside of the space.

Looking ahead

The idea presented here is perhaps something of a
departure from what one normally expects in build-
ing science nowadays, i.e. invariably an addition, ex-
tension, enhancement, etc. to a well-established tech-
nique. As such, it may require something of a pause
for thought to properly consider the possibilities that
aperture-based daylight modelling offers. As noted,
the impetus for it was direct experience on EU/CEN
panels resulting in, for this author, the realisation
that (radical?) new ideas were needed in order to re-
think the basis of building standards/guidelines, cer-
tainly for application at the planning level.
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