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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 

Smart grid technology development progression has created a possibility for the end users’ participation in the electricity market 
possible. Recently, the Singapore government has changed the rule for participation in the wholesale market. The Smart 
Community project, developed by NTU, DNV GL and Green Koncepts, will look into critical factors that will help retail consumers 
to participate in the demand responses (DR) program and time of use (TOU) pricing. This study reviews benefits for current retail 
consumer, the impact of DR and TOU on real-time energy consumption of the users, the impact of user experience-focus application 
toward smart grid participation program on participation reliability and contribution in power reduction during curtailment period. 
The DR program allows the users to become an active participant in the energy market. It also allows the government to plan better 
on the limited and costly energy resources, improve system reliability, and reduce transmission and distribution congestion, check 
and balance on the market power generation. A mobile-based user-experience focus on convenience application is to be developed 
for consumers to actively participate in the demand-side management programme, which make Singapore Wholesale Energy 
Market more resilient and reducing market power by introducing competition. 
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1. Introduction 

Singapore has launched a Smart Nation initiative in 2014, coordinated by the Smart Nation Program Office under 
the Prime Minister Office of Singapore. The program aims to improve the people of Singapore as a society and factor 
of livability, using technology to solve its problem and address existential challenge, assist the citizen to leverage on 
the technology in the daily routine, and allowing the citizen to lead a more meaningful and fulfilling live.  

The existential challenge of energy field in Singapore is identified as a high dependence on imported energy, the 
sharply rising oil prices of recent times are posing a serious challenge to Singapore’s economic competitiveness and 
growth. The recent rapid development in the digital information technologies has made it possible to develop a data 
layer in the existing infrastructure to have better information on energy demand and supply requirement in real-time. 
The addition of data layer in the infrastructure layer is the definition of smart grid [1]. 

The Smart Grid system with the digital communication capability has the capability to solve the Singapore energy 
challenges. The consumer will be able to participate as an energy producer, reducing Singapore, as a nation, 
dependence on fossil fuels. Subsequently, the traditional single directional energy distribution system will evolve into 
a bi-directional energy distribution system. Energy productions are no longer located only in the high voltage system. 
The previously traditional consumer, connected to the low voltage distribution system, will be able to become an 
energy producer. The development of renewable energy technology and storage system has reached a critical economic 
scale to allow deployment in mass retail consumers. The digital communication in the energy distribution system will 
provide the necessary information to ensure availability of the required energy in the grid to ensure energy grid 
reliability. 

The EcoCampus initiative, a flagship project of Energy Research Institute @ NTU (ERI@N), under the umbrella 
of Sustainable Earth Office (SEO), for the Nanyang Technological University (NTU), aims to reduce energy intensity 
in the NTU Yunnan Garden campus. The campus energy intensity ratio per square meter of Gross Floor Area (GFA) 
has actually decreased by 7% since the Financial Year 2011. The commitment for continued development in NTU has 
increased the GFA by 58,000m2 in the year 2014 in comparison to 2011. As of December 2015, 20 building projects 
in NTU have been Green Mark-certified. Out of which, 18 buildings achieved Green Mark Platinum [2]. The Eco 
Campus initiative identified Smart Grid and Renewable Energy Integration as an area of Research, Development and 
Deployment in the Campus [3].   

The Smart Community Solution for Energy Management aim to develop a model to engage retail consumers, 
increase participation in the energy market, and increase resilience in the Singapore energy model. A known popular 
tools will be develop to address the challenges in user engagement. Various packages will be offered to identify the 
responsiveness of the consumers to the program. 

2. Demand Response – Identification of Critical Changes and Benefits 

Demand Response in the Singapore 

The Energy Market Authority (EMA), a statutory board under the Ministry of Trade and Industry in Singapore, 
aims to ensure reliability and secure energy supply, promote effective competition in the energy market and develop 
a dynamic energy sector in Singapore. Since the year 2001, new rules have been continuously implemented to 
liberalize energy market in Singapore. Consumers have more options to choose the source and types of energy 
available for them. However, the participation rates from residential and commercial consumers are not significant.  

There are three critical factors that made electricity market liberalization possible. First, establishment of National 
Energy Market of Singapore (NEMS) which eventually leads to establishment of wholesale market, which allow 
participation of smaller, non-baseload generator. Second, the threshold for contestable consumer category has been 
progressively reduced. In 1 July 2015, the minimum limit for participation is consumer with energy bill 2000 kWh 
per month. Under this new threshold, multi-tenanted building and commercial will be able to participate in the new 
liberalize market. Lastly, the contestable consumer are able to buy energy from more than one retailer, which was not 
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