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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 

Diesel generators are used for powering emergency loads during a sustained grid outage, the design utilisation is typically less 
than 70% of the rated capacities because of the need to conform to operation considerations such as system load variability, load 
nonlinearity and to satisfy environment derating factors. It is a significant capability achievement if the 30% of reserve potential 
can be unlocked partially or in full for operational use, realising enhancement in asset and space utilisation. Energy storage is 
known to the industry to be able to achieve economic advantages such as “peak shavings” and more efficient usage of renewable 
energy. This paper explores how smart Energy Storage System (ESS), by means of an inverter in parallel interface to a diesel 
generator, operating seamlessly in a hybrid system, could lead to a 28 percentage point increase of the generator prime capacity, 
and result in better diesel generator capacity utilisation. It is proposed to configure ESS to support load variability and allow diesel 
generator to operate more in constant power mode, thereby freeing up generators from load-following constraint. When the 
generator is decoupled from instantaneous load variability, the additional degree of freedom in the system allows it to operate at 
closer to its rated capacity.  
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1.  Introduction 
 

Diesel generators are important assets in a Microgrid system in augmenting grid reliability. While renewable sources (such 
as solar and wind) are increasingly integrated into the grid, their power output are intermittent and influenced significantly by 
season and weather, and can vary abruptly and frequently. Operating in an islanded Microgrid mode, challenging demands are 
placed on diesel generators to perform the complex act of supplying electric power to meet variable load demands, while 
maintaining grid reliability and stability [1], such as the voltage and frequency control and regulation. Diesel generators have 
mechanical parts that operate in constant rotation in revolution per minute (rpm), constant air flow and consequently require a large 
balance of plant for its auxiliary air flow, heat exchange requirement. Although advanced diesel generators are more power dense 
and energy efficient, the actual utilization of the diesel generating power is typically lower than its optimal operating point, because 
of the need to keep a significant amount of spinning reserve to satisfy the load variability from the system loading, nonlinear load 
and now increasingly from the intermittent renewable energy feed-in. The diesel generators must be capable of dealing with huge 
surges and declines in the electrical load during load regulations, which result in strong mechanical and heat stresses.  
 

The utilization of diesel generator over its active operation period, in terms of average generator load factor is typically 
below 70% of the rated capacity with reference to the horsepower of the reciprocal engine unit. The nature of load profiles and 
surge current of motorized loads contribute to load variability and they are the main factors to consider in designing a generator 
system. Traditionally, diesel generators are sized larger to cater for short duration of large power demand such as the motor starting 
currents, which is not ideal as the investment in real estate and balance of plant also grew accordingly. By design consideration, 
this 70% rated capacity upper bound of the loading is taken to be the full load of the generator. As a result of large untapped reserve, 
the diesel generator system and resources are underutilized, with about 20 to 30% of power capacity that is set aside for instance, 
for the initial load starting phase, translating to higher amortised cost in terms of cost per kW and kW-hour over its design life.  
 

As diesel engines are reciprocal mechanical assemblies that produce friction in operation, it is not ideal to employ larger 
reciprocating machines for the provision of spinning reserve in a Microgrid due to energy losses, potential engine wear and tear 
and wet-stacking issues. Wet stacking, which happens during low loads, is a phenomenon of a diesel engine dripping thick, dark 
substance from exhaust pipes often known as stacks. This design methodology of loading the diesel generator up to 70% rated 
capacity leads to a snowballing effect of untapped spinning reserve when larger Microgrids are implemented and the aggregated 
reserves could reach megawatt level for a reasonably sized power network. Therefore, the key idea is to explore alternate means to 
increase the utilisation of both existing and new diesel generator plants. If the diesel generator capacity utilisation could be raised 
from 70% to 90%, it could potentially unlock an additional 28 percentage point increase of its prime capacity.  

 
Smart ESS implemented via battery-inverter setup as parallel power interface to a diesel generator is being studied to unlock 

the reserve capacity potential. The ESS supports load variability as it will be responding to a sudden load change [2], in attempt to 
allow diesel generator to operate more in constant power mode, and in the process freeing up the generators from a load-following 
constraint. When the diesel generator system is de-coupled from instantaneous load variability, an additional degree of freedom is 
created and allows it to operate at closer to its rated capacity. The diesel generator will be optimised as the reserved capacity can 
now be “unlocked” to enhance power production without affecting the balance of plant such as the building provisions for system 
air flow.  

 
2. Energy Storage System in Smart Grid  

 

 

Figure 1: Smart Grid   

http://crossmark.crossref.org/dialog/?doi=10.1016/j.egypro.2017.12.747&domain=pdf


 Tan Hang Kiang  et al. / Energy Procedia 143 (2017) 686–692 687
 

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 World Engineers Summit – Applied Energy Symposium & 
Forum: Low Carbon Cities & Urban Energy Joint Conference.  

World Engineers Summit – Applied Energy Symposium & Forum: Low Carbon Cities & Urban 
Energy Joint Conference, WES-CUE 2017, 19–21 July 2017, Singapore 

Application of Hybrid Generator System in Smart Grid 

Tan Hang Kiang, Chua Hian Koon, Teh Siaw Peng, Lim Jun Rong, Tan Peng Jin 

DSTA, 1 Depot Road, Singapore 109679, Singapore 

Abstract 

Diesel generators are used for powering emergency loads during a sustained grid outage, the design utilisation is typically less 
than 70% of the rated capacities because of the need to conform to operation considerations such as system load variability, load 
nonlinearity and to satisfy environment derating factors. It is a significant capability achievement if the 30% of reserve potential 
can be unlocked partially or in full for operational use, realising enhancement in asset and space utilisation. Energy storage is 
known to the industry to be able to achieve economic advantages such as “peak shavings” and more efficient usage of renewable 
energy. This paper explores how smart Energy Storage System (ESS), by means of an inverter in parallel interface to a diesel 
generator, operating seamlessly in a hybrid system, could lead to a 28 percentage point increase of the generator prime capacity, 
and result in better diesel generator capacity utilisation. It is proposed to configure ESS to support load variability and allow diesel 
generator to operate more in constant power mode, thereby freeing up generators from load-following constraint. When the 
generator is decoupled from instantaneous load variability, the additional degree of freedom in the system allows it to operate at 
closer to its rated capacity.  
 
© 2017 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the scientific committee of the World Engineers Summit – Applied Energy Symposium & 
Forum: Low Carbon Cities & Urban Energy Joint Conference. 

Keywords: Diesel generator; Smart Grid; Energy Storage System; Renewables; Load variability; Unlock generator capacity; Optimisation with 
statistics; photovoltaic; Battery; Power network 

  

 

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 World Engineers Summit – Applied Energy Symposium & 
Forum: Low Carbon Cities & Urban Energy Joint Conference.  

World Engineers Summit – Applied Energy Symposium & Forum: Low Carbon Cities & Urban 
Energy Joint Conference, WES-CUE 2017, 19–21 July 2017, Singapore 

Application of Hybrid Generator System in Smart Grid 

Tan Hang Kiang, Chua Hian Koon, Teh Siaw Peng, Lim Jun Rong, Tan Peng Jin 

DSTA, 1 Depot Road, Singapore 109679, Singapore 

Abstract 

Diesel generators are used for powering emergency loads during a sustained grid outage, the design utilisation is typically less 
than 70% of the rated capacities because of the need to conform to operation considerations such as system load variability, load 
nonlinearity and to satisfy environment derating factors. It is a significant capability achievement if the 30% of reserve potential 
can be unlocked partially or in full for operational use, realising enhancement in asset and space utilisation. Energy storage is 
known to the industry to be able to achieve economic advantages such as “peak shavings” and more efficient usage of renewable 
energy. This paper explores how smart Energy Storage System (ESS), by means of an inverter in parallel interface to a diesel 
generator, operating seamlessly in a hybrid system, could lead to a 28 percentage point increase of the generator prime capacity, 
and result in better diesel generator capacity utilisation. It is proposed to configure ESS to support load variability and allow diesel 
generator to operate more in constant power mode, thereby freeing up generators from load-following constraint. When the 
generator is decoupled from instantaneous load variability, the additional degree of freedom in the system allows it to operate at 
closer to its rated capacity.  
 
© 2017 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the scientific committee of the World Engineers Summit – Applied Energy Symposium & 
Forum: Low Carbon Cities & Urban Energy Joint Conference. 

Keywords: Diesel generator; Smart Grid; Energy Storage System; Renewables; Load variability; Unlock generator capacity; Optimisation with 
statistics; photovoltaic; Battery; Power network 

  

  

1.  Introduction 
 

Diesel generators are important assets in a Microgrid system in augmenting grid reliability. While renewable sources (such 
as solar and wind) are increasingly integrated into the grid, their power output are intermittent and influenced significantly by 
season and weather, and can vary abruptly and frequently. Operating in an islanded Microgrid mode, challenging demands are 
placed on diesel generators to perform the complex act of supplying electric power to meet variable load demands, while 
maintaining grid reliability and stability [1], such as the voltage and frequency control and regulation. Diesel generators have 
mechanical parts that operate in constant rotation in revolution per minute (rpm), constant air flow and consequently require a large 
balance of plant for its auxiliary air flow, heat exchange requirement. Although advanced diesel generators are more power dense 
and energy efficient, the actual utilization of the diesel generating power is typically lower than its optimal operating point, because 
of the need to keep a significant amount of spinning reserve to satisfy the load variability from the system loading, nonlinear load 
and now increasingly from the intermittent renewable energy feed-in. The diesel generators must be capable of dealing with huge 
surges and declines in the electrical load during load regulations, which result in strong mechanical and heat stresses.  
 

The utilization of diesel generator over its active operation period, in terms of average generator load factor is typically 
below 70% of the rated capacity with reference to the horsepower of the reciprocal engine unit. The nature of load profiles and 
surge current of motorized loads contribute to load variability and they are the main factors to consider in designing a generator 
system. Traditionally, diesel generators are sized larger to cater for short duration of large power demand such as the motor starting 
currents, which is not ideal as the investment in real estate and balance of plant also grew accordingly. By design consideration, 
this 70% rated capacity upper bound of the loading is taken to be the full load of the generator. As a result of large untapped reserve, 
the diesel generator system and resources are underutilized, with about 20 to 30% of power capacity that is set aside for instance, 
for the initial load starting phase, translating to higher amortised cost in terms of cost per kW and kW-hour over its design life.  
 

As diesel engines are reciprocal mechanical assemblies that produce friction in operation, it is not ideal to employ larger 
reciprocating machines for the provision of spinning reserve in a Microgrid due to energy losses, potential engine wear and tear 
and wet-stacking issues. Wet stacking, which happens during low loads, is a phenomenon of a diesel engine dripping thick, dark 
substance from exhaust pipes often known as stacks. This design methodology of loading the diesel generator up to 70% rated 
capacity leads to a snowballing effect of untapped spinning reserve when larger Microgrids are implemented and the aggregated 
reserves could reach megawatt level for a reasonably sized power network. Therefore, the key idea is to explore alternate means to 
increase the utilisation of both existing and new diesel generator plants. If the diesel generator capacity utilisation could be raised 
from 70% to 90%, it could potentially unlock an additional 28 percentage point increase of its prime capacity.  

 
Smart ESS implemented via battery-inverter setup as parallel power interface to a diesel generator is being studied to unlock 

the reserve capacity potential. The ESS supports load variability as it will be responding to a sudden load change [2], in attempt to 
allow diesel generator to operate more in constant power mode, and in the process freeing up the generators from a load-following 
constraint. When the diesel generator system is de-coupled from instantaneous load variability, an additional degree of freedom is 
created and allows it to operate at closer to its rated capacity. The diesel generator will be optimised as the reserved capacity can 
now be “unlocked” to enhance power production without affecting the balance of plant such as the building provisions for system 
air flow.  

 
2. Energy Storage System in Smart Grid  

 

 

Figure 1: Smart Grid   



https://isiarticles.com/article/142063

