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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 

Design has realized a new multifunctional industrial wireless network adapter. The purpose of this design is to avoid the 
isolated information island in an industrial system, and allow devices with different types of communication protocol to form one 
industrial network. It has realized by hardware and software. On the hardware side, the device is composed of MCU, power 
supply module, two rs232 communication modules, one rs485 communication module, two ethernet communication modules and 
the watchdog. On the software side, the adapter integrates the protocols of Modbus TCP, Modbus RTU, rs232 transparent 
transmission, rs485 transparent transmission, TCP server transparent transmission, TCP client transparent transmission and UDP 
transparent transmission. Because the device has realized the calibration algorithm, it can control rs232-HART protocol converter 
to achieve interconnection of the HART equipment. One of the rs232 port is used to interconnection of a wireless communication 
module. The wireless communication module is designed by ourselves, the wireless modules can automatically form a network 
of each other and communication with the host. Now the multifunctional industrial wireless network adapter has been tested and 
verified that it can make multiple equipments with different communication protocols form one network and works steadily. 
© 2017 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the organizing committee of ICACER 2017. 
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1. Introduction 

In the metallurgical and petrochemical complex production process, there are many process parameters needed to 
be measured [1]. But the current level of the domestic industry is still relatively low level of intelligence, the 
situation is still prevalent in manual meter reading. Production parameters of the collection and feedback process is 
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slow, which greatly reduced the industry's capacity to save energy and reduce emissions. In order to achieve the goal 
of fine-grained control and collaborative optimization in the complex and multi-links production system, it is 
necessary to achieve the unified acquisition and control of multi-links production parameters, and the unified 
industrial network of each production process device. 

However, the current status of industrial production environment are, the communication protocols of the field 
devices are not uniform, the old devices even do not have unified wireless network interfaces [4]. It is not realistic to 
replace all the field instruments with a new one with a unified network interface, which requires a lot of manpower 
and money [5]. Therefore, there is an urgent need for a kind of industrial networking service adapter, which support 
a variety of communication protocol interfaces, used to achieve the function of forming a unified networking of 
different devices with different industrial communication protocols. 

This paper has developed a new multifunctional industrial wireless network adapter which supports Modbus TCP, 
Modbus RTU, HART, rs232 transparent communication, rs485 and ethernet transparent communication. The 
adapter can simultaneously control a variety of devices at the same location. It has a strong ability to adapt to the 
protocols and the practicability, reliability of the adapters have been confirmed by the practical verification. 

2. Hardware design Of multifunctional industrial wireless network adapter 

All figures should be numbered with Arabic numerals (1,2,3,….). Every figure should have a caption. All 
photographs, schemas, graphs and diagrams are to be referred to as figures. Line drawings should be good quality 
scans or true electronic output. Low-quality scans are not acceptable. Figures must be embedded into the text and 
not supplied separately. In MS word input the figures must be properly coded. Preferred format of figures are PNG, 
JPEG, GIF etc. Lettering and symbols should be clearly defined either in the caption or in a legend provided as part 
of the figure. Figures should be placed at the top or bottom of a page wherever possible, as close as possible to the 
first reference to them in the paper. Please ensure that all the figures are of 300 DPI resolutions as this will facilitate 
good output. 

According to functional requirements, this multifunctional industrial wireless network adapter has been 
completed the hardware design, the physical diagram of the adapter is in the “TEST RESULTS” section. The 
hardware structure graph is shown below in Fig.1. 
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Fig. 1. The hardware structure of the new multifunctional industrial wireless network adapter. 

As shown in Fig.1, the hardware design of the adapter includes power supplies, microcontroller unit circuit, rs232 
interface circuit, rs485 interface circuit, wireless module interface circuit and two ethernet interface circuit. The 
microcontroller unit is one of the STM32 series chips. The chip has large market share and high price-performance 
ratio. The wireless module interface is defined by our own project team, we can choose 2.4G or 470M 
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