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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 

The phenomenon of abandoning wind power in China is very severe.  Promoting the demand side response management 
vigorously become the key measures in North China. Overall efficiency evaluation of the wind farm connected with grid under 
demand response is necessary to solve the problem. At the same time National Energy Board of China called for a full launch of 
the carbon emissions trading in 2017. The carbon-emissions reduction is conducive to both environmental protection and 
economic benefits increasing. This article analyses six aspects of economic efficiency and low carbon benefits of the impact on 
the system ,including the wind power station construction, operation and maintenance, scheduling cost of demand response, 
generation benefit, peak-load following benefit and network loss improvement benefit. Taken low carbon trading regulations as 
the basis, the paper come up with the establishment of a comprehensive economic benefits model in carbon emissions trading 
mechanism with comprehensive economic benefits of the system. The overall test system is quantified through calculation, which 
proves the validity of the evaluation method. 
© 2017 The Authors. Published by Elsevier Ltd. 
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1. Introduction 

Wind power has become the number one in new energy. By 2016, the wind power generation in China was 241 
billion kWh, accounting for 4% of the total generating capacity[1]. And China signed “The Paris Agreement” which 
is an agreement on Climate Change dealing with greenhouse gases emissions mitigation. Chinese carbon emissions 
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trading will cover eight industries including electricity. Wind power will become an important way to respond to the 
climate change of our country. But the wind curtailment rate in China is very high. The national average wind 
curtailment rate is 19% in 2016. Therefore, using the demand response (DR) to improving the comprehensive 
utilization efficiency of wind power has attracted more and more attention. 

The evaluation idea of [2] combined low carbon with economic characteristic, but didn't consider the peaking cost 
of grid. Low carbon evaluation model of power planning was established in [3] and [4] which didn't consider the low 
carbon cost brought by ancillary services for wind farm.   

This paper analyses six aspects of wind power under DR from economic and low-carbon two perspectives. Taken 
low carbon trading regulations as the basis, the paper comes up with the establishment of a comprehensive economic 
benefits model in carbon emissions trading mechanism with comprehensive economic benefits of the wind power 
under DR. Finally, basing on the typical data, it verifies the validity of the comprehensive economic benefits model 
in the IEEE 14-node system. 

2. Assessment ideas 
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Fig.1 implementation effect of demand response; Fig.2 assessment framework of comprehensive economic benefits 

The DR in this paper is mainly to change the using time of the transferable load, so that the load and the wind 
power generation are closer in time sequence. Implementation effect of demand response is shown in fig.1. And this 
paper argues that the comprehensive economic benefits of wind power under DR include both economy and low 
carbon benefits, transform low carbon benefits into economic efficiency through the carbon emissions trading, and 
establishes the comprehensive economic benefits model. The assessment framework is shown in fig.2. 

3. Analysis of factors influencing the comprehensive economic benefits of wind power under DR 

3.1. The influence of wind power station construction  

The construction of wind power station requires a lot of capital investment which is negative effect of economy.  

 1 wE IP  (1) 

Where 1E  is the construction cost, I is the unit cost of wind farm, wP  is the capacity of wind farm. 
The manufacturing of wind-driven generators, the material transportation and the power station construction, will 
produce carbon emissions. Thus, the construction of wind power station has negative effects of low carbon. 
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where m is the varieties of manufacturing materials of wind power generator, i  is the carbon intensity of the i-th 
material, iW  is the weight of the i-th material, G is the total weight of the material transported. g is the transportation 
emissions intensity, s is the transportation distance, n is the varieties of construction materials. 
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