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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.

© 2017 The Authors. Published by Elsevier Ltd.
Peer-review under responsibility of the Scientific Committee of The 15th International Symposium on District Heating and 
Cooling.

Keywords: Heat demand; Forecast; Climate change

Energy Procedia 142 (2017) 2917–2922

1876-6102 © 2017 The Authors. Published by Elsevier Ltd.
Peer-review under responsibility of the scientific committee of the 9th International Conference on Applied Energy.
10.1016/j.egypro.2017.12.417

10.1016/j.egypro.2017.12.417 1876-6102

Available online at www.sciencedirect.com 

ScienceDirect 
Energy Procedia 00 (2017) 000–000  

 
www.elsevier.com/locate/procedia 

1876-6102 © 2017 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the scientific committee of the 9th International Conference on Applied Energy.  

9th International Conference on Applied Energy, ICAE2017, 21-24 August 2017, Cardiff, UK 

Empirical study of the functional changes in price discovery in the 
Brent crude oil market 

Lu-Tao ZHAOa,b,c,*, Jin-Long YANa, Lei CHENGd, Yi WANGa 
a School of Mathematics and Physics, University of Science and Technology Beijing, Beijing 100083, China 
b Robert B. Willumstad School of Business, Adelphi University, Garden City, Long Island, NY 11530, USA  

c Center for Energy and Environmental Policy Research, Beijing Institute of Technology, Beijing 100081, China 
dEconomic and Information Research Branch, China Coal Research Institute, Beijing 100031, China

Abstract 

Oil is an important source of energy and strategic materials. Understanding the function of price discovery in the futures 
market, the role of the futures market can be better played, and it is of great significance to ensure the security of energy supply. In 
this paper, the relationship between futures price and spot price is investigated by means of econometrics, to study price discovery 
modes on the futures market. The Brent crude oil (2007 to 2016) future price and spot price data were used in the study. It is found 
that, in GS, IS and PT models, the IS and PT model have their own advantages, which can be combined with two models to calculate 
the level of price discovery while the GS model is invalid. Comparing the price discovery level from 2007 to 2016, most of the 
price discovery of the oil futures market is higher. At the same time, the volatility of price is not the main reason behind price 
discovery. The main factors leading to the decrease of price discovery are the development of the macroeconomy and the degree 
of price volatility. 
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1. Introduction 

Oil is an important source of energy and strategic materials. In the long process of development and improvement, 
the oil market has formed a more mature spot market and futures market. Price discovery is an important function of  

 
 

* Corresponding author. Tel.: +86-135-2177-6678; fax: +86-10-6233-2589. 
E-mail address: LTZhao@ustb.edu.cn 

http://crossmark.crossref.org/dialog/?doi=10.1016/j.egypro.2017.12.417&domain=pdf


2918 Lu-Tao Zhao  et al. / Energy Procedia 142 (2017) 2917–2922
 LT Zhao etc./ Energy Procedia 00 (2017) 000–000   2

the spot market, it means that the market has the ability to provide commodity price information. If the market is 
sufficiently mature, futures prices will be unbiased estimates of future spot prices. 

From historical data, crude oil futures and spot prices usually have similar fluctuations, as shown in Figure 1 with 
the maturity of the underlying contract, futures prices will gradually move closer to the spot price. Using price 
discovery to estimate the spot price will greatly improve the accuracy; however, due to the volatile oil market, the 
level of price discovery is always changing. Especially in recent years, the sharp rise in oil prices greatly increased 
speculation and led to chaos in the crude oil market. Figure 1 shows the changes in the average and standard deviation 
of the futures and spot prices of Brent oil from 2007 to 2016. As seen in the figure, the standard deviation of the high 
stage respectively in 2008 and 2014 shows significant price fluctuations. In fact, the volatility of the price of oil in 
2008 fell from $143 a barrel to $33 a barrel; oil prices fell from $115 to $55 per barrel in 2014. With such a significant 
change, is price discovery still able to be maintained at such a high level? This paper will study the dynamic 
effectiveness of the crude oil futures market, the function of the oil futures market price discovery investigation, 
analysis of factors affecting the function of price discovery, and the research is aimed at better playing the hedging 
function of the futures market, and achieved on the spot price trends by more accurate prediction. 

 
Fig. 1 Average and standard deviation of Brent crude oil price 

2. Background 

The study about the market began with the exploration of its effectiveness. The concept of market effectiveness 
was first proposed by Gibson in 1889. It was until 1970 when Malkiel and Fama proposed the “effective market 
hypothesis” (EMH), that is: “A market in which prices always ‘fully reflect’ available information is called ‘efficient’. ” 
[1]. Paul and Kimata explored the persistence and asymmetry of the impact of the US subprime mortgage crisis on the 
volatility of yield and price discovery. It supported the market efficiency hypothesis with the results of ARCH and 
GARCH [2]. Narayan et al. examine the long-run relationship between gold and oil markets which finds two markets 
are jointly inefficient [3]. 

The study of the effectiveness of the market starts from pricing and information efficiency. Price discovery is an 
important presentation of the effectiveness of the market. Holowczak et al. used value-based volatility and higher-
order moments in the US stock and found that the price discovery of stock price mainly took place in the stock market 
[4]. Narayan et al. studied the impact of price discovery on asset pricing and used the forecasting regression model for 
predicting stock excess returns [5]. 

There are many ways to study price discovery, and the most common one is to use the GS model, IS method, and 
PT model. Garbade and Silber have developed a dynamic regression method for the GS model [6]. Oellermann et al. 
thought that, for cattle, the ratio was between 0.76 and 1.00 [7]. Schroeder and Goodwin proposed the GS model in 
merchandise for warehousing, and studied the change of price index in the live hog market [8]. Figuerola and Gonzalo 
used the GS model and the VECM model to obtain an equilibrium model among the spot price of commodities [9]. 
Zhang and Wang investigate the functions of price discovery in crude oil and gasoline futures markets and they find 
price discovery is effective in both crude and gasoline markets. [10]. 

IS (information share) models and PT (permanent-temporary) models are common methods used to study price 
discovery. Hasbrouck present a common measure method based on an implicit unobservable effective price for all 
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markets, where information sharing was defined as the ratio of the contribution of shared effective price innovation 
[11]. The research on the price discovery of natural gas future and future options market shows that in the options 
market, the smaller price information was generated the weaker the price discovery became [12]. Gonzalo and Granger 
proposed the PT model based on short-term effects of public factors and non-permanent effects [13].  

In previous studies, the development of the oil market was ignored, and little to no attention was paid to the changes 
in market structure caused by the sharp declines in the crude oil market seen in 2008 and 2014. This paper aims to 
judge changes in the futures market by annual analysis so as to effectively forecast future price trends. 

3. Models 

There has been much research into price discovery: the methods that were mainly used to study the relationship 
between the oil futures, and spot, markets are parameter constraint analysis and variance decomposition. Parameter 
constrained analysis is essentially the GS model, which estimates the measurement of the price discovery in the market 
by the constraint relationship between the equations and the parameters. The PT model and IS model measure price 
discovery using variance decomposition. 

3.1. GS model 

The GS model is as shown in (1): 

       1

1

    1
1

s
s s st t t

f
f f ft t t

S S u
F F u

  
  





        
                      

  (1)

In the model, tS  denotes spot price and tF  denotes future price. Parameters s  and f  respectively indicate the 
proportion that the futures market and the spot market account for in the contribution of price discovery. Measuring 

price discovery of the futures market through the indicator 
s

s f


   presents the information transmission of the oil 

futures market to the oil spot market. From (1), these are obtained as follows: 
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The parameter   reflects the ratio of convergence between the future price and the spot price. The closer the 
future contract is to the delivery date in the futures market, the closer the futures price is to the spot price. 

3.2. IS and PT models 

Hasbrouck decomposed price into common factors, namely, long-term and short-term components, and transferred 
the aforementioned VECM model into a vector moving average VMA: 
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In (3),  1  is the sum of the moving average coefficients,  L  is a matrix of polynomials where the 
hysteresis operator is L. It can be proved that: 
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