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Abstract

District heating networks are commonly addressed in the literature as one of the most effective solutions for decreasing the 
greenhouse gas emissions from the building sector. These systems require high investments which are returned through the heat
sales. Due to the changed climate conditions and building renovation policies, heat demand in the future could decrease, 
prolonging the investment return period. 
The main scope of this paper is to assess the feasibility of using the heat demand – outdoor temperature function for heat demand 
forecast. The district of Alvalade, located in Lisbon (Portugal), was used as a case study. The district is consisted of 665 
buildings that vary in both construction period and typology. Three weather scenarios (low, medium, high) and three district 
renovation scenarios were developed (shallow, intermediate, deep). To estimate the error, obtained heat demand values were 
compared with results from a dynamic heat demand model, previously developed and validated by the authors.
The results showed that when only weather change is considered, the margin of error could be acceptable for some applications
(the error in annual demand was lower than 20% for all weather scenarios considered). However, after introducing renovation 
scenarios, the error value increased up to 59.5% (depending on the weather and renovation scenarios combination considered). 
The value of slope coefficient increased on average within the range of 3.8% up to 8% per decade, that corresponds to the 
decrease in the number of heating hours of 22-139h during the heating season (depending on the combination of weather and 
renovation scenarios considered). On the other hand, function intercept increased for 7.8-12.7% per decade (depending on the 
coupled scenarios). The values suggested could be used to modify the function parameters for the scenarios considered, and 
improve the accuracy of heat demand estimations.
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Abstract 

This paper presents the concepts of a clean energy generation system also referred to as a free air cooler. The system has many 
subsidiary generation units in-tandem disposed in a common wind tunnel, using the wind tunnel’s air flow as common working 
fluid.  Each unit has its own air compressor, air turbine, heat pump, and generator, and works independently.  The air compressor 
extracts air from its preceding unit’s turbine and thus renders the turbine’s outlet pressure P4 and outlet temperature T4 to 
descend.  Lower T4 triggers the turbine to produce more output work which is proportional to turbine inlet/outlet air temperature 
difference T34(=T3-T4) as T3 remains unchanged, therefore a net useful work is obtained as soon as ΔT34 becomes larger.  Heat 
pumps carry in heat energy from the external high-temperature source to the low-temperature air (as the sink) in wind tunnel, 
thus offsetting the energy extracted by the turbines.  When air heat pumps are deployed, all evaporators cool down the ambient 
air passing through them, so the system is a free air cooler, too. The wind tunnel is fully thermally insulated for nearly zero-heat-
loss.  Most significantly, this is a zero-carbon-emission and fuel needless system, working as a cold thermal engine and using 
breakthrough and patented [1] technology continuously generating non-intermittent renewable energy to achieve an efficacious 
climate solution. 
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1. Introduction 

This patented [1] system, or the WTT (=Wind-Tunnel-Turbine) system, has ‘n’(n=2, 3, 4,…∞) units of 
identical or similar subsidiaries using common airflow, working in a common wind tunnel.  See the two figures 
below: 

 
 

 

 
Fig. 1. A Clean Energy Generation System with Infinite Identical Subsidiary Units Each with Air Heat Pump 

 

 

Fig. 2. A Clean Energy Generation System with Four Identical Subsidiary Units Each with Air Heat Pump 

1.1. Five primary parts of each subsidiary power generation unit of WTT system: 

1.1.1 Part of the Common Wind Tunnel (#2 as shown in Fig.1/Fig.2): 
The wind tunnel is subsonic, atmospheric, continuous and open-loop-type. It is fully thermally insulated to 

prevent heat loss, and may work with airflow guide vanes (#84 as shown in Fig.1/Fig.2), and programmed air 
inlet/outlet vent valves (#80, #81, #82, and #83 as shown in Fig.1/Fig.2) to maintain smooth airstream moving in the 
wind tunnel. 

 
1.1.2 Air Compressor (#30 as shown in Fig.1/Fig.2): 

Its consumption work WCPS is proportional to inlet/outlet air temperature difference ΔT12, shown as below: 

as  T2=T1  

and thus, 
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