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Abstract.

The proposed STEEP © innovative hybrid method aims at simplifying/ adding up (both
quantitatively and qualitatively) a few important micro-climatic parameters, which are to be
considered and accounted for in the built environment, in order to help decision-making as regards
solar and wind mitigation and/ or enhancement strategies’ trade-offs. The method also aims at
bridging energy- efficiently the building and the lot scales, in order to make prior knowledge micro-
climatic [landscaping, but not only] design best practices easier to implement.

Introduction. WHEN, WHERE, HOW and WHY is Micro Climate-Managing important also for
Building and Infrastructures Integrated Photo-Voltaics (BIIPVs)?

This research questions HOW Tree-planting Urban Forestry Overshadowing configurations [UFOs]
WORK, could be - at WHAT external temperature do occupants generally turn on the air
conditioning inside the building? At WHAT distance[s] and angles (Vertical Shading Angles [VSA],
Horizontal Shading Angles [HSA] and End Profile Angles [EPA]s - the latter if applicable - from the
window[s]/critical opening[s] is/ are the closest tree/trees/UFOs positioned? WHEN were the cold
days of the year when occupants turned on their heating? (How fast was the wind blowing that day
in the area and from what direction)? We could put some anemometers somewhere (for instance if
the envi-MET microclimatic program includes those - and related or simulated values in IT).

For technology/aerial imagery to answer: WHERE is the garden vegetation located (in that
season/month - if moveable trellis/rotating green wall/...) ?(in Azimuth - degrees). HOW tall is the
vegetation (e.g. in: small tree-TALL TREE- window 'work-out", see figure 7; UFO/tree-planting
configuration[s])(see figures 7, 8 and 9)? [based on literature review /e.g. Olgyay (1957...),
Johnson 1981...]. WHY do certain tree-planting Urban Forestry Overshadowing configurations
[UFOs] work, theoretically, better than others, or vice-versa, (see figures 7,8 & 9)? We state all of
this based on proposed Energy- Efficient Landscaping [EEL] tool[s] output - with rankings (for
instance of UFOs) and validation studies (based on more Literature review - Olgyay 1963, Brown,
DeKay 2001 [in Lancaster 2013], Brown and Gillespie 1995; Brown, [Robert] Lin, Li, 2022... and on
energy consumption trends’ "readings": measurements and comparisons) and automated checks,
via "on the ground" and aerial technologies, to be undertaken at the scale[s] and to the extent
possible. Ideally some key EEL [mostly urban] design guidelines could then be elaborated and
used globally.
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Figure 1 - Figure 1.The long man- made Horizontal overhang (from window to point H), possibly
needed - especially in hot climatic areas - for efficient shading of critical openings (like windows) in
Eastern and Western aspects, shown in sketch and compared to Elliptical Horizontal Tree Crown
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(centre point of crown=H), a recommended (see ,Energy-Efficient Landscaping Shading Wheel“(c))
Energy-Efficient Landscaping alternative to long man-made horizontal overhang.

Detail from “Landscaping for Energy Efficiency in the Built Environment Made Easy”, Effective solar
mitigation strategies through the use of Energy-Efficient Landscaping (EEL), by D.G.G., 2024 ©, showing
how a horizontal elliptical crown tree could be ineffective in obstructing critical building openings,
with solar sun altitudes of 60 degrees (eg in Equator-facing aspects) or 45 degrees (in mid- East
and mid-West inter-Cardinal Aspects), but energy efficient with 30 degrees solar altitude angles
(eg at a certain distance in the Eastern and Western aspects). The drawing at the bottom of figure
1 shows how long a horizontal man-made awning would need to be — projecting out from the
house window/critical opening until point H — and how much better the tree placement object-
oriented solution might prove to bein order to pursue our goal-oriented (eg: sun mitigation and wind
mitigation - and/or sun harvesting and wind funneling in other instances) strategies.

In Equator-facing aspects (South in Northern Hemisphere and North in Southern Hemisphere) a
BIIPV overhang — shorter than that shown in figure 1 - would suit the situation [ref. Gomez Gane,
D., 2023], both in terms of sun mitigation strategies and for air ventilation purposes [Ref:
Lancaster, 2013, page 234, drawing at bottom of page] and could take precedence over vegetation
(and so could, similarly, in Eastern and Western aspects, vertical BIIPV active ,green walls®, to aid
wind channeling, while harvesting solar energy — based on irradiation and wind regimes and exact
measurements and positioning of critical building openings).
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Figure 1 -Solar radiation and wind can be
significantly affected by design (US Army,
1988).

Microclimatic design requires a conceptual
understanding on  how  microclimatic
components such as wind and solar radiation,
can be significantlv affected from landscape

Figure 2. Different screening properties to wind of Deciduous and Evergreen trees — for
microclimatic landscape/ EEL design, aiming at increasing thermal comfort in buildings and in the
Built Environment (B.E.) [Source: Panagopoulos, 2008- coloured symbols and legend added by
author].

As a general statement Evergreen trees are good for shielding the building/area from wind in
winter and Deciduous trees to allow for natural ventilation in summer, although we could
also use CFG Crown From Ground (CFG) height [Ref Gomez Gane, D. 2013] and crown density,
and add them, to start with (and have those parameters considered as well in the reasoning/trade-
offs process of our object and goal-oriented strategies).
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Figure 13 Showing how we can substitute man-
made shading masks with Energy-Efficinet
Landscaping. With the STEEP proposed method
the calculations are undertaken for all the local
summer months (Overheated Period) and the
local winter months (Underheated Period),
averaging the local Temperatures (dry bulb to
start with) and the need to shade "efficiently"
during the season (not only on a set day)..

Figure 3- Proposed STEEP method that can aid with solar shading strategies (in the Built
Environment.)
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times the window height).
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complete shading. The
vertical fin should have a
cut-off angle of 61 degrees
degrees=Vertical (depth should egiuvalent
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Figure U: UN-HABITAT examples of recommended solar mitigation strategies/shading solutions
that proposed STEEP (c) method would implement, by means of additional object-oriented [eg:
Urban Forestry, sketched in green in drawing] and goal- oriented strategies. The critical opening of
the building is in the Northern aspect; the section (with a horizontal overhang) shows: the Vertical
Shading Angle [VSA], in degrees, that will be recommended and used to the extent possible; the
plan (with a vertical fin) shows: the Horizontal Shading Angles [HSA] to be recommended and used
whenever possible, in degrees, in the UN-Habitat example, in Garissa, Kenya (at Latitude: 0/zero
degrees, South and Longitude 39 degrees, East).



@\ ASIA-PACIFIC )
W@ SOLAR RESEARCH CONFERENCE 2-4 Dec 2025, Brisbane

Figure 4 — Proposed STEEP and Wind Roses hybrid method- that, by understanding and
utilizing to their full potential local climate characteristics and by lowering temperatures,
can aid BIIPVs’ energy-efficiency (e.g.: efficiency of PV modules — air ventilation
enhancement with proper placement of BIIPV — say an overhang in Equator- facing aspects
and/or similar).
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Figure 5 — “Hybrid” method “EASY” (no overlap) and “COMPLEX” (both SUMMER and
WINTER winds blowing in the same direction[s] — calling for energy-efficient trade-offs to be
“estimated”/”calculated”/”evaluated” ) scenarios.

Given what we are shown in Figure 2, we could, in figure 5, in the “Complex Scenario”, decide to
plant, in the “Focused” tree planting pattern formation (TPPF) (Brown, Lin, Li, 2022), two deciduous
trees in column 1, rows 1 and 2, and evergreen trees elsewhere (to their right). Or, with a "hybrid"
solution, we leave the first row Deciduous, as suggested initially, (on top of Deciduous trees in
column 1, rows 1 and 2) - where the summer breeze is indicated by the blue ,orientation

vector” (Olgyay, 1963) arrow - and/or similar TPFPs/UFOs, as in, for instance {put in a mini-matrix
way}:

D D D D
D E E E

Where: D=Deciduous tree/UFO; E=Evergreen tree/UFO and/ or similar Tree Planting Pattern
Formations/UFOs: (ultimately to be researched more accurately).
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Figure 6 — RANKING of proposed STEEP hybrid method’ s “scenarios”: “ EASY” and
“COMPLEX” scenarios.
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Figure 7 — TREE ,WORK OUTS* (to deflect wind- ,Push-ups!“- and to channel it — ,push- downs*),
after figures in Lancaster, 2013.
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Figure 8 — Tree UFOs, “well” positioned in lot (itself more or less [+or-] “well” placed along the
slope, Lancaster, 2013).
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Figure 9 — Tree/UFOs strategically “well’- placed to enhance energy efficiency of the building in the
lot in terms of enhancing or reducing air ventilation: UFO 1 harvesting the desired SUMMER wind
in the North-Eastern direction, and UFO2 blocking unwanted WINTER wind in the South Western
aspect of the lot. A preliminary STEEP placement of trees would indicate if the positions are
appropriate also in terms of solar shading strategies — inclusive, when/where and in a few possible
ways (refer to: how), of fully energy-efficient BIIPV integration - and, if not, adequate trade-offs
should be investigated.

Conclusions. In “complex” (not “easy”) scenarios, to “calculate” trade-offs via the STEEP ©
method, some more elaborate evaluations need to be undertaken and object- oriented strategies
implemented, for instance via the use of specific “tree planting patterns” (ref: Brown, Lin, Li, 2022)
and selected, strategically positioned, UFOs - following the recommendations suggested in
author’'s STEEP hybrid innovative method (c) (patent pending). Furthermore goal-oriented
strategies need to be put in place, such as cooling strategies (via the use of, also strategically
placed, centralized water [ref.: ibidem] and adequate “tree planting formation patterns” [ref.: ibidem]
and/or trees/UFOs’ “Workouts”, [see figure7], to channel wind also towards [the inside of] the
building, for air ventilation purposes, during hot months) and/or other mitigation strategies, for
example via the use of “tree planting pattern” (ref.: ibidem) formations and/or of trees/UFOs’
“Workouts” (in this instance “push-ups!”) to block strong, unwanted, winter winds that could cause
thermal discomfort — both around and inside the building.
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