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Abstract  

 

There are historical places with out-of-context buildings, often of low quality. To restore the 

places, destruction requires heavy machines and may cause strong vibrations and excess load 

on the historical pavement intensifying destruction and ageing. Giving the appearance of 

historical objects requires expensive decoration. Hiding by living plants is the most 

perspective way with positive side effects: thermal insulation, passive air-conditioning, solar 

radiation control, urban heat island prevention, air cleaning and sanitation, carbon 

sequestration, noise absorption, better rainwater management, increasing biodiversity, etc. 

The approach is shown in an example of a bank at the historical centre of Byczyna, Poland. 

As the building is too large, using a context collage is proposed to show the results. The fears 

of damage to the structures by fungi and attraction of biting insects are debunked using three 

ways – analysis of the facing state under the greening, estimation of the critical air state 

around the greening, and by field studies of the relative humidity under the greening. CFD 

simulation shows a significant heat insulation effect of the greening in the heating period. The 

problem of penetration of moustaches into the facing can be solved by winding the ampeleous 

plants on a wooden lathing or a grid.  

 

Keywords: Out-of-context building; Green structure; Vertical greening; Hiding; Heat       
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Introduction  

 

Historical places are very important [1-11] as a national honour, historical information 

sources, blend of beauty, inspiration for people of art and attractive places for tourism, which 

give additional income to the municipal budget and different branches of business. Interesting 

research [12] shows that awareness of the history incl. heritage for modern urbanism may help 

increase city resilience, biodiversity, etc. Thus, we need to preserve their historical appearance. 

The authors encounter historical places, spoiled by out-of-context buildings. The last 

ones are almost built during the socialist or early post-socialist period of development. The 
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quality of such buildings is often very low. The structures were made very quickly with 

violations of norms. But there are some exceptions such as the Tour Montparnasse in Paris, 

which make dissonance with Basilique du Sacré Cœur or Louvre Palace. Most such buildings 

violate video ecological principles [13]. The ancient heritage should support mental health, but 

the out-of-context buildings are too aggressive for the perception. 

There are three options for the treatment of such buildings to repair the view. The first 

and the more obvious is destruction. Nevertheless, this is impossible for skyscrapers due to very 

expensive procedures and the unprecedented load on the environment. For other buildings, it 

requires heavy building/transport machines and may cause strong vibrations and excess load on 

the historical pavement, which intensifies the destruction and ageing of the historical objects. 

The second option is to give the appearance like the historical objects. This way is 

applicable to new buildings around the historical places. The existing out-of-context buildings 

can have very off-topic shape or a glass envelope, which make the approach inapplicable. 

Otherwise, this requires very expensive decoration, usually hand made. 

And the third option is hiding such objects with minimum intrusion to their structures. 

It’s impossible to use the reflective envelope to inscribe the building. In computer models, it 

can have a good appearance. It’s because we see it not as a passer but from the point of view 

selected by the architect. Nevertheless, in real life, this architecture is aggressive for mental 

health. 

We propose to use “green” structures to make such objects friendly to the historical 

environment and mental health. The idea of using “green” structures for hiding has been used 

for military purposes for at least a half of century. The most known object is Wolfsschanze 

(Wolf’s Lair) – Hitler's headquarters in Gierłoż, Poland (Fig. 1). 

 

 
 

Fig. 1. Wolf’s Lair  (Wolfsschanze) - Hitler's headquarters in Gierłoż, Poland: 

a – the green roof above the bunker; b – a fragment of the green roof with ground support elements 

 

For small buildings, it’s possible to use vertical greening – ampeleous plants on walls. 

For better performance, it’s possible to use vertical-horizontal greening. The plants are growing 

from the walls to the roof. For greater buildings, we can fix trays with plants on the walls. 

The latest author’s proposal is horizontal and horizontal-vertical greening – placing the 

trays and/or the pots on the roof. Ampeleous plants can cover the roof and then the walls or 

descend from trays at the roof perimeter. For this kind of greening, it’s possible to use the 

ground-cover plants or the plants that have branches above the ground at the same height such 

as Juniperus sabina L. 

There are a lot of scientific works mentioning or performing case studies and simulations 

of positive effects on greened buildings and the environment [14-35] such as additional thermal 
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insulation [17, 19, 21, 22, 28, 30, 35], passive air-conditioning (cooling effect) due to 

transpiration/evapotranspiration [16, 17, 19, 21, 22, 24-28, 30, 35], solar radiation control [17, 

19, 24, 26, 27, 30-32, 35], urban heat island prevention [15-17, 20, 23, 26, 29, 35], air cleaning 

and sanitation [14, 15, 35], carbon sequestration [18, 29, 33, 35], noise absorption [14, 35], 

better rainwater management [14, 24, 29, 34, 35], increasing biodiversity [14, 35], human-

friendly aesthetic environment [14], prolonging of the building life [14], etc. Succulents are 

fitted to warm and dry climates. They use CAM-metabolism to close the stoma during the day 

to save water. Thus, they don’t provide a good cooling effect [28] during the day. 

Nevertheless, there isn’t enough understanding of the numerical values of the positive 

effects because of too little laboratory research. In [36], the thermal performance of a green roof 

model and the same model without all green roof layers was investigated in open air. The 

influence of the vegetation layer can’t be extracted. The ambient parameters are uncontrolled. 

Sensible heat fluxes are investigated in a laboratory [37]. A cold plate method is used. 

Under the green roof model, a plate with even cooling should be put. The stand is equipped 

with thermal and heat flux sensors. Another attempt to experimentally evaluate the 

thermotechnical properties of green roofs was performed in [38]. But the wind tunnel was 

overfilled by plants, more than 50 % in some sections, which makes the air velocity unknown. 

The second problem is the detachment phenomena at the front of the model. 

The authors’ method [39] gives the correct results for the thermal resistance and the 

cooling effect of the vegetation layer on a green roof and the cooling effect of vertical greening. 

The results show high unevenness of the heat transfer through Lolium perenne because of non-

even growth. The wind changes the unevenness due to uneven blowability. But the thermal 

insulation is significant. 

The cooling effect of Lolium perenne is more even. It was approximated by the 

following simple equation  (1), in °K: 

 

 ΔT. = (0,508 atan(w) + 0,543) atan2(w) + 0,752. (1) 

 

Based on equation (1), the indirect decrease of CO2 release because of less cold demand 

can be calculated by the work [40]. This gives additional environmental effects. Nevertheless, 

the heating period, where the plants lose foliage, wasn’t investigated. 

As a result of the literature analysis, the hiding of out-of-context buildings by plants 

gives more opportunities than other treatment options for both the buildings and the 

environment. The most often question is the influence of the plants on the structures, which 

often are not good quality on the object considered. 

The authors’ opinion collection shows that many people are afraid of relative humidity 

under the plants causing fungi development. The other fear is the problem of biting insects 

passing the rooms. Thus, to implement this very prospective direction of reparation the 

historical places, we need additional research. 

 
 

Materials and methods 

 

To show the possibility to hide the out-of-context building, we’ll use images from the 

centre of the Poland town Byczyna. In the middle of the historical square, there are a one-story 

shop and a one-story bank (Fig. 2a), which are built in socialist and post-socialist times. The 

quality of the structures is very poor (Fig. 2b-d). We can’t apply an additional significant load. 
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Fig. 2. The bank in Byczyna: a – general view; b-d – the quality of the wall facing 
 

We’ll use vertical greening by Parthenocissus quinquefolia. and Hedera on the example 

of the bank. The authors’ images of the plants will be overlaid according to the perspective. As 

the building is very large, we couldn’t obtain the panorama with adequate sizes of surrounding 

buildings. In this case, we propose using a context collage (Fig. 3). Pictures from different 

points should be put together without spaces, if possible. 

 

 
 

Fig. 3. Context collage of the historical centre of Byczyna with the bank is in the middle picture  
 

At the middle of the collage, we should put the out-of-context building or structure. The 

hidden building should be put in the same second collage. If no place to publish two collages, 

it’s possible to combine both non-hidden and hidden objects in the same collage, better if there 

are images of context buildings between and around them. 

To avoid the fears about relative humidity, we’ll use three approaches. The first one is 

the analysis of the state of the facing behind the vertical greening. It’s necessary to search for 

fungi/mould colonies or damages of facing by them. 

The second approach is the analysis of the cooling effect by evapotranspiration. The 

critical relative humidity, at which fungi start rapid development in rooms, is related to the 

relative humidity φ = 75% [41] at the corresponding temperatures. This corresponds to the 

admissible relative humidity for ventilation – 70% – with a margin of 5% [42]. Let us assume 

temperature T (°K) as the second air parameter. The saturated vapour pressure by the modified 

Buck formula (hPa) [43], after replacement °C by °K is (hPa): 

 

  (2) 

 

where EF is the enhancement factor [43]: 

 

  (3) 
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 By [44], the absolute humidity at the barometric pressure Pb (hPa) is (g/kg): 

 

 d = 623·Psat·φ/(100·Pb – Psat·φ). (4) 

 

The enthalpy [44] using specific heat of the air 1.006 kJ/(kg·K) instead of 

1.005 kJ/(kg·K) and temperature in kelvins (kJ/kg):  

 

 I = 1.006·T – 274.7889 + (2.00833 + 0.0018·T )·d. (5) 

 

Let us assume the cooling effect by transpiration ΔT (°K) as adiabatic such as any 

evaporative cooling. We’ll neglect the very important effect of humidity carry-over by the 

wind. Thus, we’ll significantly underestimate the critical relative humidity of ambient air. Real 

values will be much closer to φ than estimated. The critical initial state of the ambient air can be 

estimated by the enthalpy I0 = I (kJ/kg) and the temperature by [39] (°K): 

 

 T0 = T + ΔT. (6) 

 

The ambient absolute humidity after transformations of the equation (5) is (g/kg) 

 

 d0 = (I – 1.006·T0 + 274.7889)/(0.0018·T0 + 2.00833). (7) 

 

The saturated vapour pressure Psat,0 (hPa) should be found by equations (2-3) replacing T 

by T0 (°K). And critical ambient relative humidity will be (%): 

 

 φ = (100·d0·Pb)/((623 + d0)·Psat,0). (8) 

 

The cooling effect dependent on wind speed w (m/s) can be found in (°K) [45]: 

 

 ΔT. = (0,508 atan(w) + 0,543) atan2(w) + 1,23. (9) 

 

To perform estimations, it’s necessary to accept the wind speed. High wind speed isn’t 

prolonged in the cooling period in Europe. Medium wind speeds (up to 5m/s) are usually 

changed by calm. Thus, the wind can be accepted approx. 2.5m/s. The cooling effect by 

equation (9) is ΔT. = 2.86°K. The temperature range in this work is accepted as T = 290...340°K 

(16.85...66.85 °C) – from cold to desert regions.  

The third is the field studies using a D91 gas analyser, which measures relative humidity 

from 0 to 100% with an uncertainty ± 5% at the temperature from 9 to 55°C with an uncertainty 

±1°C. The device was covered by reflective aluminium film to avoid the influence of thermal 

radiation. It was put on an aluminium reflective tripod near to greening and was hung under the 

greening. All plastic parts of the tripod were covered by aluminium reflective foil to avoid 

heating. If no significant increase in relative humidity below the plants, there is also no 

attraction for mosquitoes. 

Most buildings inherited from socialist times are insufficiently thermally insulated. 

Ampeleous plants can throttle the air movement evenly if loose the foliage. To estimate the 

effect, we performed computational fluid dynamic simulation using the standard k-ε model. 

At first, pictures of different vertical wall greening were obtained (Fig. 4a-c) and the 

distance between stems was measured. As it’s not easy to build real models, the equivalent 

periodical structure was built using average measuring results (Fig. 4d). 
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Fig. 4. Simulation of heat transfer through vertical greening of walls (authors’ pictures):  

a-c – living vertical greening; d – model:  

1 – house fragment; 2 – vertical greening; 3 – ground (the appearance is snow); 4 – computational domain 

 

The model is built to comply with limitations by the random access (operative) memory 

– 64GB – 1m of width and 4m of height. The height allows the simulation of the 

thermogravitational flow effects. The thickness of the greening is 260mm, which corresponds to 

the average-developed greening in Kyiv. The diameter of the stems is 10mm. The external 

temperature is 251.15°K (– 22°C). The temperature of the wall is Δτ = 5°K higher. The heat 

flux q (W/m2) will be obtained from the centre of the wall. The thermal resistance (m2·°K/W) 

 

 Rq = Δτ/q. (10) 

 

The reference value at the design value of outer heat transfer coefficient 23 W/(m2·°K) is 

1/23 = 0,0435m2·°K/W. 

And finally, we’ll propose to use measures to avoid penetration of moustaches based on 

the analysis of the experience using authors’ pictures from travels. 

 

Results and discussion 

 

Let us analyse the bank building at the historical square of Byczyna. To simplify the 

process, we should look for possible elements, which are inscribed to the context. It’s the brick 

wall, which can be left intact.  

The most out-of-context structures are grey walls and canopy. To hide them, we can use 

trays with ampeleous plants (Fig. 5) at the top of them, which will be hidden by them. For the 

wall under the canopy, we should use a tray at the ground or, if it’s possible, disassemble the 

pavement at a distance of 0.5...1m from the foundation and make a lawn for the plants. 

In addition, we can use the option to grow the plants on the blank wall from the bottom 

tray or lawn. In this case, it’s better to grow the plants above the canopy from the tray on it, but 

this will require more mechanical load on it. The glass has a green tint, which allows for hiding 

the great glass wall by trees (for example, Thuja occidentalis) in pots. 

The concrete advertising pole is too highlighted on the green background. It should be 

hidden by ampeleous plants, possibly of other species than walls. This makes it enough 

highlighted for passers with good environmental consonance. 
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Fig. 5. Context collage of the historical centre of Byczyna (authors’ pictures) with the 4hidden bank is in the middle 

picture: the photomontage was performed using authors’ pictures 

 

As the structures of the bank are poor-quality, we should ground that the plants will not 

damage them due to the high relative humidity. One of the possibilities is to check the state of 

the wall facing that is located under such plants for many years. For this, we took pictures from 

different buildings in Kyiv behind the plants (Fig. 6). As we see, the state of facing is now ideal 

without traces of fungi or mould. 

 

 
 

Fig. 6. The wall facings behind greening for at least 20 years in Kyiv: 

a – an apartment building, Ivana Mazepy str., 14; b – Sichovykh Striltsiv str., 51, the greening was broken by a russian 

missile and trimmed; c – former Pecherskyi Trade Centre, Omelianovycha-Pavlenka str., 4, now the building was 

declared emergency 
The second proof is the estimation of the ambient relative humidity, at which the fungi 

can quickly grow, by equations (2-9). The program has been written for SciLab open-source 

computer algebra system, which takes temperature and barometric pressure as the required 

inputs, and also critical relative humidity and cooling effect as optional ones to overwrite the 

defaults above. The results (Fig. 7) show that in most regions there is no risk of fungi. Only in 

regions with continuous cold and moist weather in summer, there is a possibility of fungi, but 

we should remember the underestimation of the results. Thus, in Europe, there is no real risk of 

fungi or biting insects. 

The final proof is field studies, which were performed on 17 August 2023 in the 

morning. There were periodical wind gusts up to 4...5m/s. The first object is a blown fence at 

Osvity Street in Kyiv (Fig. 8a and b). The second object is a solid fence of the Kyiv National 

University of Construction and Architecture. 
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Fig. 7. The estimation (underestimated) of the critical ambient relative humidity φ [%], 

 at which fungi can quickly grow under the ampeleous plants (authors’ plot)  
 

 

 
 

Fig. 8. The field studies of relative humidity around and under the wall greening (authors’ picture): 

a – a blown fence, measuring near to the greening; b – the same, measuring under the greening; c – a solid fence, 

measuring near to the greening; b – the same, measuring under the greening 
 

The results (Table 1) show no significant difference in relative humidity outside and 

inside the greening. Thus, no danger of fungi, breaking the structures, and no attraction to 

mosquitoes. Possible failures may be caused by roots if the plants will grow to belong to the 

founding. They can break hydro-insulation, which converts walls to a wick, which will absorb 

water from the ground. The distance from the plants to the founding should be at least 0.5m. 

As we prove the absence of negative effects due to the greening of walls, let us focus on 

the positive influence on the thermal performance of the building during the heating period. The 

results (Table 2) of the CFD simulation of thermal resistance, added by the vegetation layer of 

vertical greening of the walls, are significant except wind speed of 5m/s at the angle of attack of 

π/4. At calm, the thermal resistance is 0,71m2·°K/W, which is comparable with the thermal 

resistance of walls in the middle of the XXth century. 
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Table 1. The results of measurements. 

 

Object Average relative humidity outside [%] Average relative humidity inside [%] 
The blown fence 44 45 
The solid fence 39 40 

 

Table 2. CFD simulation results 

 

Wind direction Thermal resistance Rq [m
2·K/W] at wind speed [m/s] 

0 (calm) 2 5 
Normal to the facade 0,71 0,12 0,09 

At π/4 angle 0,71 0,077 0,035 
 

The results should be treated as an estimation. To confirm them and give the final 

recommendations, we should perform experimental research. Field studies should be performed 

during the heating period only, when the plants are without the foliage. 

During the experiments, we’ll measure heat flux from walls and the temperature 

difference around and under the plants. The heat flux meter ITP-11, made by the Institute of 

Technical Thermal Physics, has been certified. The experiments will be performed this winter 

when the weather will be appropriate. 

The last problem can be caused by moustaches, which can penetrate the facing. We 

analyse the experience in different countries by travelling and photographic fixation of the 

successful objects (figure 9). We propose using a wooden lathing or a metal/plastic grid as it’s 

shown in figure 9. 

 

 
 

Fig. 9. Examples of moustache-safe vertical greening: 

a – using wooden lathing, Praha, Check Republic; b – using a grid, Warszawa, Poland. 
 

Conclusions 

 

Out-of-context buildings on historical places, usually inherited from socialist and early 
post-socialist times, create problems for the conservation of historical memory, national honour, 
beauty, and also the inspiration of people of art and tourism. Often, they have a low quality of 
structures. To restore the value of places, it’s necessary to properly treat the buildings. 
Destruction causes intensive vibrations, which may negatively influence the historical objects 
and pavement. Giving the appearance like the historical objects is an expensive solution, which 
often requires hand-made facing. The perspective solution is hiding such buildings by plants. 

As out-of-context buildings can be disproportioned relative to historical objects, it’s 
difficult to obtain pictures adequate for the presentation of the solutions. It’s proposed to use a 
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context collage, which is made of different pictures of historical parts putting the building at the 
middle of the collage. The new appearance of the building can be put on the copy of the collage 
or embedded into the same collage. 

It’s shown that plants are an effective solution to hide buildings. It will not cause 
problems with relative humidity, fungi and biting insects, which is shown by observations of 
facing after many years of coverage by ampeleous plants, by estimation of the state of the air 
around greening, which causes critical relative humidity, and by field studies of relative 
humidity under the plants. The last ones show no reliable difference in the relative humidity 
outside and inside the vertical greening of walls. 

The problem of penetration of moustaches into the facing can be solved by winding the 
ampeleous plants on a wooden lathing or a grid. There is a successful experience of the solution 
in different world countries, which is confirmed by the authors’ photography fixation. 
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