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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 

 
Exergyn has developed the Exergyn Drive™, an innovative, new engine cycle which runs on hot water. This technology will enable 
low-grade waste heat (“LGWH”) to be recovered cost effectively for the first time, with attractive returns on investment and rapid 
payback. LGWH is heat below 100°C and there is no cost effective solution commercially available and, as 63% of waste heat is 
at a temperature below 100°C, there is a significant untapped resource. Cost effectiveness is the key barriers that have left this 
market untapped. Exergyn’s technology will change this as it is very simple, which allows costs to be reduced, and will enable 
LGWH to be recovered in a wide range of applications to deliver low cost, zero emission electricity on demand. The Exergyn 
Drive™ applies a solid state drive to utilise hot water of suitable temperatures (c. 90°C) from sources such as reciprocating engines, 
industrial processes or geothermal resources. Installation is also simple, potentially a flow and return from the heat source and an 
electrical hook up utilising heat directly from engine jackets without the need for heat exchangers, which enhances efficiency and 
reduces costs. The low through life costs give, making low grade waste heat recovery attractive for the first time. 
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Nomenclature 

σmax Maximum applied stress to wire (MPa) 
σmin Minimum applied stress to wire (MPa) 
εrecovered  Wire recovered strain (%) 
ρSMA Wire density (kg/m3) 
Af Austenite finish temperature (˚C) 
As  Austenite start temperature (˚C) 
Mf  Martensite finish temperature (˚C) 
Ms  Martensite start temperature (˚C) 
It Capital expenditure 
Mt  Maintenance expenditure 
Ft  Fuel expenditure 
r  Discount rate 
Et  Electricity Generated 
n  Life of product 
t Year 

1. Introduction 

Low-grade waste-heat (LGWH) is a major source of energy that remains untapped, a recent evaluation revealed 
that 72% of the global primary energy consumption is lost after conversion, of which 63% is waste heat streams at a 
temperature below 100 °C.  Our analysis indicates that the LGWH resource could be equivalent to double the energy 
output from Saudi Arabia. 

Although there are numerous technologies available for waste heat recovery, none are cost effective in the recovery 
of LGWH [2]. The 2nd law of thermodynamics means that waste heat is a by-product rejected from the creation of 
work, and Carnot’s principle shows that the work available decreases as the difference in temperature is reduced [3]. 
As a consequence of Carnot’s principle, most waste heat recovery technologies focus on high grade waste heat where 
more energy can be recovered [4]. Although 63% of all waste heat is LGWH, it is difficult to recover this energy so 
the problem can be ignored [5]. LGWH is widespread across markets and geographies. Electricity generation is the 
major source of LGWH, followed by transport and industry [1]. In the industrial sector, refineries, chemicals and 
metals are the key sources of waste heat. In the US, 94% of this waste heat resource remains untapped [6]. Exergyn 
has developed a new technology to convert LGWH into power. Exergyn has developed an innovative solution which 
can resolve the LGWH problem. 

2. Technology 

The Exergyn Drive™ deploys an innovative technology to convert heat into linear motion. The fundamental 
phenomenon utilized in the technology which underpins the energy conversion is the contraction of a shape memory 
alloy (SMA) wire when heated. This occurs as a result of the Shape Memory Effect [7]. Nitinol is an example of a 
SMA comprising of nickel and titanium. Nitinol undergoes a solid state phase change when heated, changing from 
martensite to austenite, where the austenite state is 2-4% shorter on length. In doing so, a single wire can lift tens of 
kilograms. When cooled the material returns to its martensite state and size. Thermally cycling an SMA wire will 
cause a high force linear movement (Fig 1).  

SMA has been utilized in actuator applications in robotics, aerospace, biomedical and automotive applications [8]. 
Many of these applications utilize the super-elastic properties of the material.  

Work done by the SMA during its thermal cycle is a function of the difference between the high applied stress and 
recovered strain (contraction) during heating and the low applied stress and strain (expansion) achieved during cooling 
(Eq.1).  
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