
 

 

 

CLIMATE ADAPTIVE NEIGHBORHOODS 

Daniel M. Muntean
1

 and Viorel Ungureanu
1,2

 

1
Department of Steel Structures and Structural Mechanics 

Politehnica University Timisoara 

Ioan Curea no. 1, Timisoara, 300224, Romania 

e-mail: daniel.m.muntean@gmail.com; viorel.ungureanu@upt.ro 

 

2
Laboratory of Steel Structures 

Romanian Academy - Timisoara Branch 

Mihai Viteazu no. 24, Timisoara, 300223, Romania 

Keywords: Energy efficiency, Adaptive building, Residential buildings, Retrofitting, Smart grid, Solar energy 

Abstract. The so called “grey neighborhoods” were built between 1958 and 1990 due to the expansion process of the 

heavy industry near the cities in order to provide enough homes for the workers. Standardized collective housing 

typologies have been used, usually organized around inner courtyards. Today, these neighborhoods represent a large 

majority of the constructed urban environment and now fail to meet modern living standards. The public spaces were 

left unattended and the green areas around the blocks were occupied by cars and unauthorized garages. Because they 

are so wide spread, introducing an adaptive system that improves their overall quality will have a major impact not 

only on the neighborhoods but also on the quality of life. The paper presents a possible revitalization design scenario 

of these neighborhoods by introducing adaptive design principles. The apartments are reconfigured and new 

extensions are added on the current unused attics, while an adaptive building envelope is provided to ensure air-

tightness. Furthermore an elevator system is introduced to facilitate access to the upper levels. The inner courtyards 

are redesigned into a positive space. Renewable energy systems are integrated and a “smart grid” connection system 

is proposed. 

 

 

1 INTRODUCTION 

The “grey neighborhoods” represent a large part of the existing building stock. More than 60% of the urban 

population in Romania lives nowadays in apartments situated in such buildings [1]. These types of buildings are a 

dominant presence due to the rapid urbanization between 1960 and 1980, when a large proportion of the rural 

population was moved to new towns developed around industrial plants. Although the appearance of these buildings 

was influenced by the theories of modernism, the implementation in Eastern Europe was created with the idea of 

obtaining a large number of cheap houses, quickly and easily built using reinforced concrete large prefabricated panels 

(RCLPP) [2], designed in various configurations and combination for a more efficient use of land considering the 

existing urban limits. 

However, unlike other similar projects type from European countries, especially in Northern Europe, where the 

buildings were optimized towards sustainability [3], the ones from the Eastern Europe were left unattended thus failing 

to meet the living standards of today. Because the buildings were designed as type projects and the being built a sheer 

number of them, a standardized integrated design approach for upgrading these units to the modern requirements is 

the most optimal solution as opposed to demolition [4]. This will not only benefit the building itself but will also 

improve the quality of life within the housing units and on a larger scale, of the neighborhood. 

The study proposes an adaptive design approach based on one of the most common typology, on a real site in the 
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city of Timisoara, Romania, considering the aspects of sustainable development. 

2 THE COLLECTIVE HOUSING STOCK IN ROMANIA. PROJECT TYPE 770 

The RCLPP collective dwellings stock represents 1.8% of the entire built environment in Romania and house more 

than half of a city’s population [5]. Compared to similar projects from other European countries, these projects were 

seen as the only possible housing option, while other design aspects such accessibility for disabled people were not 

taken in consideration. 

Between the 1960s and early 1990s, Romania had one of the highest percentages of build RCLPP dwellings (60%) 

compared to other European countries. The highest was Estonia with 80% while Ireland was at the bottom of the list 

with 32%. On the other hand, considering the number of apartment owners, in Romania after 1990, 96% of the tenants 

became owners, meaning only 4% are tenants compared to other countries such as Switzerland with 65% tenants. 

Moreover, considering the number of square meters of net area for each person, Romania allocates 20m²/person where 

South and North Western Europe allocate between 31m²/person and 36m²/person [6]. 

The 770 model is one of the most used 5-storey housing typology in Timisoara, as shown in Figures 1-3. It was 

built during the 70s and the 80s and met the lowest building comfort standards.  

 

 

Figure 1. RCLPP Collective dwellings - Project Type 770 

 

 

Figure 2. Examples of project type 770 

 

The 770 model was designed to withstand high level seismic activities. It could be placed in different ways thus 

obtaining a variety in the designing and building of new neighbourhoods. The 770 was made out of 68 different 

components (walls, slabs, stairs or bathroom units) that, shipped on site, could be assemble in short time. The model 

has 3 main types of plan configurations and a total of 12 subtypes, each with 10-20 apartments bound together to form 

a building row. Between the units, several connections were designed depending on the position of the unit (see Table 



 

 

1). These connections determine the balconies position and minor modifications to the floor plan in some cases. 

Overall, from the 68 prefabricated components, a total of 88 different types of blocks of flats can be generated. 

 

 

Figure 3. Example of the 770 project type distribution in Timisoara 

 

Connections Code Description 

End O,F Mark the beginning/end of a row 

Attached M,R M-Middle connection - blocks of flats continue aligned 

one next to another one; R- connection with a 

structural joint between the blocks 

Corner D,L 90 degree angle corner 

Table 1: The connection type for model 770 

3 SOCIAL ANALYSIS 

The study, presented in Figure 4, show that a large number of the families (36.8%) have an average monthly 

income around 1.000-2.000 RON (250-450 de euro), families of two (34.4%) or three (36.2%) members. Their outdoor 

daily activities usually involve simply relaxing (27.1%), interacting with the neighbours (16.9%), sitting on a bench 

(16.2%) or playing with their children (15%). Asked with whom they tend to spend their free time with, most of them 

(37.4%) preferred their own families, second, (15.4%) with the neighbours and last, (14.8%) with their friends. Most 

of them are talking with their neighbours on a daily basis regardless of topic (22.7%) or at least once a day (12.9%) 

[7]. 

Within the apartment the main problems usually are the lack thermal insulation (15.5%), the state of the plumbing 

fixtures (14.6%), lack of soundproofing (12.2%), superficial thermal rehabilitation (12%) and the cramped interior 

space.  

Regarding the neighbourhood itself the main problems are the insufficient parking lots (31.3%), bad infrastructure 

- roads and streets- (22.7%), lack of green space (14.7%), noise or the lack of playgrounds. Most of them pointed out 

that if they were to assume the position of mayor, they would create more parking spaces (21.8%), green spaces 

(14.5%), or playgrounds (12.8%). 

In conclusion, most of the inhabitants have a small income and within the apartment the number of people living 

together is between 2 or 3. Their main problems are the lack of thermal insulation and soundproofing, the degrading 

state of the existing plumbing fixtures and the overall small size of the apartments. Related to the neighbourhood the 

main problems refer to the insufficient parking lots and green spaces as well as the lack of playgrounds. The problem 

with the parking spaces is resolved by improving the public transport system, implementing a car share system. People 



 

 

spend their leisure time in the neighbourhood socializing in groups, talking to the neighbours, sitting on the bench, or 

playing with their kids. 

 

 

Figure 4. Social survey  

4 ADAPTIVE DESIGN STRATEGY. ENVIRONMENTAL ASPECTS 

Due to the dramatic changes in energy efficiency standards since their initial design in the 1960’s, these housing 

units are now being technically and morally out-dated, consuming large amounts of energy for heating, cooling, 

ventilation and lighting. Because of their widespread, the creation of a system that improves their energy efficiency 

parameters would have a huge impact on the energy consumption values of the residential sector. In order to improve 

these values, the last five years marked the beginning of a governmental program which finances the thermal 

rehabilitation of apartment buildings using polystyrene, thus reducing the energy consumption for heating and cooling 

with approximately 40%. This intervention is usually done without changing the entire plumbing which, in most cases, 

is 30-40 years old. 

In Romania there are very few retrofitting programs for the social dwellings. The programs are also quite inefficient 

because they address very few issues. The most common solution is simply adding a polystyrene layer on the facades 

of the buildings. This is efficient only in terms of thermal insulation and it overlooks the social, architectural and 

ecological aspects. Coating the buildings stops the airflow and causes mould and health problems for inhabitants. The 

residents open their windows to get fresh air, which causes heat loss, and thus the energy economy advantage is also 

lost. 



 

 

In many places in Timisoara, and other cities of Romania, residents are offered to accept attic block of flats in 

exchange for benefits for building thermal insulation. Some people accept this because they can’t use the top of the 

building and they are not informed, that this space could go back to their use; more than this, in Romania they don’t 

have many information about roof gardens. The problem with the newly-added attics is the fact that on the top of the 

buildings other apartments are built. It increases the population density, it extends the building facilities (heating, 

cooling and plumbing fixtures) also extra parking spaces are needed [7]. Thus the density grows more than the 

functions and infrastructure can allow and the existing problems, such as the quality of life should be 26 square meters 

of green space for an inhabitant according to European norms, are not considered. 

Within this context, one can say that despite having norms and technical guidelines for over roofing as well as 

codes for strengthening the buildings for seismic loads, these are less strict than they should be. This leads to a poor 

quality of the finished work. 

Starting from the definition of sustainable development, which refers to the evolution of society on all aspects, 

without irreversibly affect the surrounding environment, ideally balancing the social, economic and ecological factors, 

we can state that currently, buildings are one of the main economic factors responsible for the negative impact on the 

environment. According to The Charted Institute of Buildings, United Kingdom, around 45% of the energy worldwide 

is used to maintain these buildings while 5% represents the impact of the built process. Therefore the electricity used 

for lighting, for HVAC equipment and other technical additions of the buildings can be considered an indirect source 

of CO2 and GHG emissions [8]. 

Sustainable development is an important factor that needs to be considered from the early stages and through the 

entire design process. Life Cycle Assessment (LCA) analysis represent the most exact method of determining the 

effects of the products and processes on the environment. Furthermore LCA is an essential element in retrofitting 

RCLPP buildings, ensuring an improved quality of life for the inhabitants as well as overall energy efficiency [9]. 

It is not only about creating something new, but also taking something existing and using it in a new and improved 

way, extending the lifespan of existing buildings. From the social perspective, a solution that could fit the inhabitant’s 

exact needs can be developed. The design intends to improve the overall quality of life not only at the apartment level, 

but also on a larger scale, on the district level. Figure 5 highlights the overall intervention strategy. 

 



 

 

 

Figure 5. Model 770. Before and after interventions 

4.1 Building envelope 

The prefabricated concrete panels have an overall thickness of 27cm and consist of two reinforced concrete layers 

with a autoclaved aerated concrete (AAC) insulation in-between as shown in Figure 6. Due to major seismic activities, 

safety measures have to be considered. These have led to the execution of connections between the concrete panels 

where thermal bridges are formed. These connections between the concrete layers of the panel as well as between 

different panels have led to solutions that interrupted the insulation layer, thus resulting thermal bridges that 

significantly affected the behavior of the exterior envelope and reduced the overall thermal resistance in some cases 

even by up to 40%. Using the online thermal simulation platform Uwert [8] the behaviour of the existing building 

envelope has been studied (see Figure 7). For the numerical simulations 20°C for the indoor and -5°C for the outdoor 

temperatures have been considered in the analysis. Figure 7a presents the situation of existing building envelope. 

 

 



 

 

(a)      (b) 

Figure 7. Existing and new building envelope 

A new envelope is ensured according to passive retrofitting standards such as EnerPHit [9]. It is based on a 

ventilated façade system using lightweight steel elements as shown in Figure 7b. The idea uses two different types of 

insulation in dissimilar layers. One layer of insulation is located within the existing prefabricated concrete panels. In 

order to enhance the air-tightness, as well the heat transmission coefficient, a second layer of modular mineral wool 

insulation cases is wrapped all around the outer shell. Overall, these two layers offer the targeted heat transmission 

coefficient. 

4.2 Cooling, ventilation and heat recovery systems 

Currently, most apartments use individual cooling and ventilation systems with “split type” units. 

 

 

One of the most addressed factors in today’s rehabilitation programs available in Romania is the existing building 

services and the energy losses that these generate due to their poor or lack of maintenance. By reusing a large part of 

the existing ducting channels for the new services, the impact on the building structure is reduced. Furthermore, it 

facilitates the integration of these new systems in apartments that have been renovated or modified by their owners 

before. 

The initial ventilation systems were designed to efficiently and continuously extract used air through the bathroom 

and kitchen using a multiple chamber extraction tubing in order to avoid contaminated air from the lower floors entering 

the upper. Disregard of the original plans and bad building process led to a single tube that was soon demolished by the 

inhabitants due to its inefficiency. This led to the need for a new ventilation system and new ducting channels. The 

aluminum ducting for the new ventilation system will be placed into a new vertical piping network that will pass through 

the ventilated façade system and distribute to the apartments at each level (see Figure 8). 

 

 

Figure 8. New piping system diagram  

This system will provide fresh air brought in trough the Canadian shaft and a plate heat exchanger to each 

apartment. This ducting shaft will also house the plumbing for the kitchen of the middle apartment that was relocated 

in order to provide a better use of interior space. The foul air will be extracted through the existing ducting shafts from 

the bathroom and kitchen. 

These shafts will also include the new plumbing system together with the grey-water recycling system. The 

collecting basins and filtering systems will be placed in the semi-basement; together with them will be all the technical 

equipment for the ventilation system and the central heating system - solar panel infrastructure and cogeneration 



 

 

system linked to the existing central heating network. The ducts for the heating agent will be running through the 

newly created shaft. 

4.3 Integrated solar technologies and “smart grid” connection system 

A “smart grid” connection system is planned. Once connected to the new power grid the building becomes both a 

receiver and distributor. Today, governments and power companies have realized that the traditional grid, which has 

not been significantly changed or upgraded over the last decade, must be replaced by alternative and flexible-

distribution networks, called “smart grids” [10]. “Smart grids” are monitored and digitally controlled self-healing 

energy systems that can deliver gas or electricity from generators, including from distributed renewable energy 

sources, to the consumers. With power delivery being optimized and a two-way communication facilitated on the grid, 

introducing these networks will enable an end-user energy management. Power disruptions are minimized and only 

the required amount of power is transported, leading to a lower cost to the utility and the customer, more reliable 

power, and reduced carbon emissions [10]. 

An additional core module is placed in the upper level of the building that acts as a distributed power plant. Highly 

efficient thermal collectors are introduced to enable a solar cold system to be fed. The system feeds an absorption 

machine with heat, which in turn produces cold water that flows through an integrated circuit in a false ceiling (cold 

ceiling). This is rounded off with a photovoltaic network of the façade and a hybrid system on the roof (see Figure 

10). 

 

 

Figure 10. Staircase configuration diagram with the new elevator system 

4.4 Accessibility 

The existing staircases and circulations were initially not designed to facilitate accessibility for disabled people. 

Due to accessibility codes a new staircase system was designed. The intermediary landing is extended towards the 

outside in order to facilitate the introduction of an elevator supported by a metallic structure with lightweight 

enclosures (see Figure 11). 

 



 

 

 

Figure 11. Staircase configuration diagram with the new elevator system 

4.5 Improvements at the apartment level 

The ‘60s and ‘70s society was less stressed as people had a life-time job and few expectations. As mentioned 

above, the residents have been brought to the cities from the rural environment where there was no electricity or 

running water. Therefore, the apartments met their needs and sometimes even exceeded them, despite their minimum 

dimensions. With all these, the society changed a lot in the last couple of decades and the ‘70s socialist apartment 

does not seem to satisfy residents’ more sophisticated standard of living anymore (see Figure 12). 

 

 

 

 

 
(a)    (b)            (c) 

Figure 12. Evolution of the apartment throughout the years: (a) 1970s, (b) 1990s- early 2000 and (c) 2014 

A possible reason for this might be the working place. During the industrialization, people did not have to worry 

about their jobs since they were usually for a life-time. However, today people change their jobs frequently, the life 

rhythm is much more accelerated and the future is rather uncertain. This might influence the development of the 

inhabitants’ lifestyle and, thus, housing in the future. When the apartments were designed, the natural light was not an 

orientation criteria, being sometimes neglected. The challenge was to find a way to bring more daylight to the interior 

either by expanding the windows or by creating the illusion of more space and light through materials and textures. 

Therefore the possible options for improving the dwelling unit are as follows: 

• redesigning the interior space; 

• extending the surface of the apartments by resizing the existing balconies and/or using them as an extension 

of the apartments; 



 

 

• improved natural lighting conditions; 

• upgrading the existing building system services. 

4.6 Accessible green 

The original destination of the neighbourhoods, called “grey neighbourhoods” was to provide homes for the factory 

workers and their families, who migrated from the rural areas in order to work at the factories that expanded near the 

cities. Nowadays these neighbourhoods don’t have the same purpose anymore. They offer homes to a variety of 

people, with different social backgrounds. The overall quality of the constructions and the urban surroundings has 

degraded and they do not satisfy the needs of the inhabitants anymore. From an urban point of view the common land 

doesn’t provide spaces destined for human interaction, instead they are dominated by cars (garages, open parking 

lots). Because of the uncontrolled emergence of these parking lots, the space left for humans is actually residual space. 

It cannot be used properly and was not designed to offer them a platform where they can fully perform their social life 

The inner courtyards, now fully occupied by cars and garages, are remodeled. The once grey, unused space is 

given back to the community and transformed in a positive space (see Figure 13). 

 

 

Figure 13. District cross-section  

5 CONCLUSIONS 

The buildings made out of large prefabricated concrete panels were built extensively all over Europe, especially in 

Romania. Even though are now old and out-dated they can be improved in order to improve the overall quality life 

within. These buildings had a major impact on defining the urban environment we see today. Due to their wide spread 

and construction similarities due to being project types, standardized adaptive design strategies are an optimal 

direction towards overall improvement. 

A solution to an integrated sustainable rehabilitation is needed. Through the integration of solar and PV/T panels, 

the project intends to improve the energy efficiency of the existing building envelope, resulting two different 

approaches: limiting the energy demand and conserving solar power. Beside energy consumption, common space 

organization issues must also be taken in consideration. Spaces such as stairs, elevators, access, rooftop and the spaces 

surrounding the building are redesigned, also increasing the existing insulation and service consolidation. In case of 

an apartment, we talk about reorganizing the interior space (walls, flooring and furniture), increased thermal and 

acoustic insulation, improvement of the existing plumbing fixtures for a reduced energy consumption and horizontal 

extensions. 
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