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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 

To obtain laser ion sources with high current and long pulse, a method of applying multicusp magnetic fields to confine laser 
ablation plasmas has been proposed. The behaviors of the laser ablation plasmas during transporting in the multicusp magnetic 
fields are investigated by experiments using two types of multicusp magnetic field and the targets of aluminum, copper, and lead.  
To understand the behavior of the ablation plasma, numerical calculations for ion trajectory were also performed. The results 
indicate that the distance which a plasma proceeds until the appearance of the effect of the magnetic field on the plasma behavior 
at the center axis could be explained by ion motions affected by the azimuthal magnetic field. 
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1. Introduction 

Laser ion sources (LIS) have been expected to be used for a driver of heavy ion inertial fusion (HIF) [1] and high 
energy density physics [2,3] because of their capability of supplying high current ion beams. A pulsed ion beam is 
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Table 1. Configurations of multicusp magnetic field for experiments. 

Type of magnetic field (a) Small multicusp field  (b) Large multicusp field 

Number of magnetic cusp 8 16 

Distance between target and magnetic field L1 [mm] 250 220 

Length of magnetic field L2 [mm] 300 900 

Drift tube inner diameter D [mm] 54 108 

 
generated using a pulsed laser and the pulse width can be controlled by changing the drift distance of the ablation 
plasma between a laser target and an extraction electrode in the LIS. However, the ion current density decreases 
with extending drift distance due to the plasma expansion. To transport the plasma for a long distance keeping high 
ion density, various magnetic guiding of the ablation plasma have been investigated [4-6], which shows that some 
guiding methods give ion current waveforms fluctuation. To obtain stable confinement of the plasma, we have 
proposed plasma guiding with a multicusp magnetic field [7]. The results showed that ion current of ablation 
plasmas generated from a copper target increase in the multicusp magnetic field. However, the increase of ion 
current does not start at the position of the injection into the magnetic field. To understand why plasma needs to 
proceed some distance until the density enhancement starts, we investigated the behavior of plasmas transported in 
the magnetic field for various materials such as aluminum (Al), copper (Cu), and lead (Pb) using two types of 
multicusp magnetic field. The results were compared to calculations of ion trajectories in the magnetic field. 

2. Experimental setup 

     The experimental setup is shown in Fig. 1. A Nd:YAG laser (4×102 mJ/16-18 ns) with a wavelength of 532 nm 
was used for generation of ablation plasmas. The laser spot area was set to be 0.12 cm2 and the power density on a 
target was estimated to be 108 W/cm2. The laser intensity produces singly ionized ions dominant plasmas [8]. 
Neodymium magnets were arranged around a drift tube for generating the multicusp magnetic field. The magnetic 
flux density of magnets is 0.2 Tesla on the surface. A Faraday cup biased at -60 V was used to measure the ion 
current of ablation plasmas and the aperture diameters of 0.5 and 1.0 mm were used for experiments for small and 
large multicusp magnetic field, respectively. The Faraday cup can be moved along center axis of the drift tube to 
measure the ion current as a function of the plasma drift distance. The pressure in chamber was kept at order of 10-4 
Pa. Plates of Al, Cu, and Pb were used as laser targets to compare the behavior of ablation plasmas transported in 
magnetic field. The experiments were performed using two types of multicusp magnetic field configurations, which 
are indicated in Table 1. 

Fig. 2. Ion current waveforms measured at 220 mm from the
laser target for Al, Cu, Pb without the magnetic fields. 

Fig. 1. Schematic of experimental setup and cross section of the multicusp 
magnets. 
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