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This paper presents an energy management strategy whose objective is the reduction of CO2 emissions of the power system on Jurong Island in Singapore. Distributed Generation (DG), with solar generation, energy storage, small gas turbine as well as controllable loads, is investigated. Such a procedure aims at being integrated in an optimal planning problem to find the best DG configuration and should then correspond to reasonable computational time. Thus a Mixed integer linear programming (MILP) technique is considered for the system simulated over a representative day. A specific attention is attached to the branch losses estimation with a modified DC power flow (DCPF). At first the method is tested for the base case scenario before investigating different configurations for the DG assets. Results are analyzed in terms of carbon emissions and grid losses.

I. INTRODUCTION

The work presented in this paper focuses on reducing the carbon emission due to power generation on the Jurong Island in Singapore (Figure 1) [START_REF] Rigo-Mariani | A generic method to model CO2 emission Performances of combined cycle power plants for environmental unit commitment[END_REF]. In order to do so, distributed generation (DG) is considered. The objective is to bring more diverse resources and give flexibility to the centralized gas power plants on the island [2]. In the past decade many studies highlighted the benefits of DG integration, such as losses reduction, improved reliability or the deferment of grid investments [START_REF] Prakash | Optimal sizing and siting techniques for distributed generation in distribution systems: A review[END_REF]. A typical DG planning problem aims at finding the best sizes and allocations of the resources [START_REF] Jordehi | Allocation of distributed generation units in electric power systems: A review[END_REF]. The main concern when facing such problems is to avoid the computational burden when many different configurations (i.e. size/site) for the units are possible [START_REF] Paliwal | Planning of grid integrated distributed generators: A review of technology, objectives and techniques[END_REF]. In this paper the complexity is further increased when considering several types of resources, including solar generation, energy storage and small combined cycle gas turbines (CCGT). The presence of controllable loads (CL) is also studied. An additional difficulty comes from the simulation over a specified time horizon (i.e. a representative day). Hitherto, most DG studies only consider one load snapshot with a single consumption level at the buses [START_REF] Abbasi | Optimal DG allocation and sizing in presence of storage systems considering network configuration effects in distribution systems[END_REF]. Besides, including energy storage introduces time linked constraints with the computation of the state of charge. Consequently, the system management cannot be sequentially simulated with successive AC optimal power flows (AC OPF) performed for every time steps [START_REF] Prenc | Distributed generation allocation based on average daily load and power production curves[END_REF]. In this paper, the overall DG planning problem is considered as an integrated systematic optimization. In such an architecture an outer optimization loop investigates different grid configurations while an inner loop minimizes the operating costs computed for the given grid configuration. Thus it is necessary to have fast evaluations of the different configurations in order to avoid prohibitive computational time. This paper focuses on the management procedure of the system (i.e. the inner optimization loop). The objective is to minimize the CO2 emissions for a given grid configuration and considering both centralized and distributed generation. Similar to other DG planning studies that investigate longer time horizons, a mixed integer linear programming (MILP) formulation is considered here [START_REF] Pandžić | Near-optimal method for siting and sizing of distributed storage in a transmission network[END_REF]. Constraints for centralized generation also need to be introduced with different types of units gathered among different power plants. Another challenge is to model the grid losses in the linearized formulation in order to discriminate the impact of different DG locations. The major contributions of this work are:  a fast carbon driven power dispatch with both centralized and decentralized generations validated for different test cases  a modified DCPF with a piecewise linearization of the branches losses based on a modified power balance at the buses  the consideration of controllable loads as a DG assets based on load shifting for chemical plants 

II. FAST UC FOR BASE CASE SCENARIO

A. Considered System

The case study of the present work is the power system on the Jurong Island of Singapore (Figure 1). That island hosts around 40 % percent of the total generation capacity in Singapore with 13 identified Combined Cycle Gas Turbine (CCGT) units distributed among four power plants. In previous work [START_REF] Rigo-Mariani | A generic method to model CO2 emission Performances of combined cycle power plants for environmental unit commitment[END_REF] carbon emission models of CCGTs were calibrated based on the coarse information advised by the manufacturers and the technology employed (Figure 2a). A great part of the generation is consumed on the island by the refineries, oil tanking facilities and other petrochemical activities such as acrylics or rubber manufacturing. The remaining energy is exported to the mainland through a 230 KV underground cable. Aggregating the different load profiles (133 load points in total) over a representative day leads to a total peak load around 3 GW (Figure 2b). Note that the corresponding grid model (208 buses) as well as load profiles were built based on various assumptions and do not necessary represent the reality (Figure 1).

B. Classical Environmental UC

A MILP formulation of the unit commitment (UC) problem is considered to estimate the carbon emissions for the base case scenario over a representative day. A typical piecewise linearization of the carbon cost is implemented as well as classical constraints for the centralized CCGT units (e.g. minimum up/downs times) [START_REF] Carrión | A computationally efficient mixed-integer linear formulation for the thermal unit commitment problem[END_REF]. Grid topology, current limitations and unidirectional flow in the transformers are also introduced with a conventional DC power flow (DCPF) [START_REF] Pandžić | Near-optimal method for siting and sizing of distributed storage in a transmission network[END_REF]. That DCPF is then modified to consider the positive (P l,t + ) and negative (P l,t -) parts of the flow Pl,t in line l at time t. The power injection at a bus b at time t, Pb,t, corresponds to the difference between the powers flowing "from" and "to" the bus. That injection should be equal to the balance between the centralized generation P b,t G and the load P b,t L at the bus, see equation [START_REF] Rigo-Mariani | A generic method to model CO2 emission Performances of combined cycle power plants for environmental unit commitment[END_REF]. Note that the constraint formulation requires to map the CCGT units and the branches in the grid model. The objective is to identify the generation and incident lines for each bus. 
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C. Plant Operation Constraints

Unlike most of the UC studies in the literature, the different CCGT units are here aggregated among distinct power plants and all the units within a same plant are connected to the same bus. Thus, solving a classical UC may lead to cases where two units with the same technology can have conflicting behaviors between two successive time steps (Figure 3a). A new set of constraints is then expressed in order to introduce priority rules between the units and obtain more realistic operations of the power plants [START_REF] Boyce | Handbook for cogeneration and combined cycle power plants[END_REF]. Additional variables are introduced to represent the ramp directions (up ∆u g,t + or down ∆u g,t -) of each unit g between two successive time steps, depending on the power delivered at time t which is denoted as Pg,t (equation ( 2)). The logical constraint (2) ensures that the deviation can be either positive or negative. Constraints ( 4) and ( 5) give priority to unit I over unit J within a same power plant. Consequently for a same value of the objective function, the operating profiles of two units with the same technology within the same power plant display less ripples (Figure 3b).
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D. Line Losses Linearization

Losses computation is intrinsically linked to DG planning studies when the impact of different locations of the resource is investigated. In most DG problems, AC power flow equations provide an exact computation of those losses. In this paper a DCPF is modified in order to introduce an estimation of the line losses. A piecewise linearization for MILP formulation is proposed. At first, several AC OPF are run with random load levels (using Matpower package here). Active losses within every line are computed for each run while discriminating the flow direction through the branches (𝛿P l,t -, 𝛿P l,t + ). A two blocks linearization is then performed and the slope coefficient for each branch l in the w th loss block is denoted as bw,l (Figure 4a). Similarly to the piecewise linearization of the carbon cost function, W intervals are defined to compute the power flowing thought the branch (( 6)). The upper bounds for each line and each block pmax w,l are returned by the previous losses analysis ( [START_REF] Prenc | Distributed generation allocation based on average daily load and power production curves[END_REF]). Equation [START_REF] Pandžić | Near-optimal method for siting and sizing of distributed storage in a transmission network[END_REF] finally returns the losses corresponding to the line flow. Note unit 1 decrease unit 2 increase that ( 6) to ( 8) should be expressed for both the negative and positive parts of the line powers at time t in the different blocks w, p w,l,t and p w,l,t + . Finally, the power injection at each bus is corrected while introducing the loss estimation and taking the flow direction into account as expressed in [START_REF] Carrión | A computationally efficient mixed-integer linear formulation for the thermal unit commitment problem[END_REF]. The lines losses are added or subtracted to the power balance depending on the line incidence whether the considered bus is the start or end point.

, , , 

     W w t l w t l p P   , , 0 w,l max t l w p p      , , , ,       W w t l w l w t l p b P                                b l t l t l t l
     

E. Obtained Results

The MILP problem is written using the YALMIP toolkit and solved with CPLEX 12.7.1. The performance of the unit commitment with one and two blocks linearized losses (UCLL1 and UCLL2) are considered. The results are compared with those obtained by the Jump and Shift method described in [START_REF] Chen | Jump and shift method for multi-objective optimization[END_REF]. Finally, the possibility to passes the UCLL outputs through a sequential AC OPF is considered in order to get more accurate results. According to Table I the computational times are significantly reduced with the UCLL methods compared to the Jump and Shift method. The error in the objective function (i.e. CO2 emissions) is very low, under 0.5 %, while the active losses difference is around 5 %. Running a sequential AC OPF after the UCLL is performed gave improved solution that is slightly better than the one returned by the Jump and Shift method. It should also be noted that the considered system displays very low losses of about 0.35 % computed over the entire day. This value is in accordance with the statistics from the International Energy Agency statistics who advised 0. Similar tests were performed for the IEEE test cases (30, 57 and 118 buses) and the same trend of reduction in computational times were observed. In particular, the results for the IEEE 30 test case are plotted in Figure 5. Great similarities are observed when comparing flows obtained with UCLL2 and the ones computed after the sequential AC OPF (Figure 5a) (MW for UCLL2 and MWA after AC OPF). Bigger differences occur when considering the active losses with deviations either positive or negative (Figure 5b). However, it should be noted that the rank of the least efficient branches is fully respected with the same lines displaying the greater (or the lower) losses with UCLL2 before and after AC OPF. This point is important when allocation problems are investigated and validate the branch loss linearization. Indeed, it implies that the UCLL will prove able to properly discriminate two configurations (in terms of losses) where a same DG unit will be connected to two different buses.

III. DISTRIBUTED GENERATION

A. Conventional DG Resources

This section introduces the modeling for the different DG asstes. First, solar generation is represented with an available generation profile P b,t PV at each bus b at time t depending on the size of the installation (if there is a solar DG at the bus). The possibility to curtail the production is taken into account (P b,t PV-). Even if such curtailment would lead to a waste of renewable energy it could become necessary if an installation is oversized regarding the neighbors load levels and lines capacities. A second type of DG considered is a generic energy storage with typical linear formulation while discriminating charge (P b,t S-) and discharge power (P b,t S+ ) [START_REF] Pandžić | Near-optimal method for siting and sizing of distributed storage in a transmission network[END_REF]. An efficiency of 97.5 % is assumed. Finally, distributed units (DU) are modeled with small CCGT generators which correspond to the cleanest identified technology in Jurong Island power plants. The carbon costs and operating constraints are added to the problem formulation and the injection at each bus b at time t is denoted as P b,t DU . 

B. Controlable Loads

The present work also considers load controllability which is not commonly done in such DG planning studies. Aggregators are modeled with sets of identified controllable loads distributed among K clusters. The load control strategy relies on discrete load increment or decrement that would correspond to the time shifting of chemicals process for the considered consumers. Thus each cluster k agrees in advance a level ∆P k CL and duration T k CL for the control phase. If a power decrease (u k,t CL-) or increase (u k,t CL+ ) in the cluster k is triggered, all the associated loads will adapt their profiles according to a predefined controllability level ∆p k,b CL as presented in Figure 6.

Equation [START_REF] Boyce | Handbook for cogeneration and combined cycle power plants[END_REF] ensures that consumption power increase or decrease within each cluster do not occur simultaneously while [START_REF] Chen | Jump and shift method for multi-objective optimization[END_REF] and ( 12) allow fulfilling the control phase duration with only one load shifting occurring each day ((13)).
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C. Obtained Results

1) Mix of DG ressources

The power balance at each bus in computed according to (14) in order to take account of the different types of DG. Incidence matrices allow mapping the assets connected to the buses as not all the nodes display distributed or centralized generation. They do not appear in (14).
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A preliminary sets of simulations is performed considering the 20 MVA rated feeder buses 165-168 (Figure 1). For the base case (S0) the feeder is loaded according to the nodes power profiles along the day. First, the scenario (S1) is simulated with the connection of a 30 MWp PV plant to node 168. This peak power is set arbitrary very high in order to trigger the curtailment when the feeder MW rate is reached. In that case most of the generation is selfconsumed by the neighbor loads and the surplus flows upstream to the main grid (Figure 7a). Losses within the feeder are significantly reduced of more than 25 % with the shortened distance between the generation and the load point (Table II). Adding a 1 MW/5 MWh storage to the same bus (S2) does not improve much the performances with a net load slightly reduced during short periods (Figure 7a). A cluster of controllable loads is then considered (S3) with 1MW shifted at nodes 165, 166 and 167 during 3 hours (Figure 7b). As expected the load is increased when PV peak occurs. It leads to less energy exported to the grid which correspond to reduced losses in the feeder. Once again the benefits are not significant and many more loads should be controlled to get a real impact on CO2 reduction. The last simulation is performed with the addition of a 5 MW distributed CCGT units at bus 165 (S4). The optimal profile returned by the UCLL2 method corresponds to a full time operation of the distributed CCGT units (Figure 7b)

2) Impact of DG sizes and sites

Additional simulations were run with increasing capacities of installed DG from 5 to 50 MW. For every type of resources taken independently, the installed capacity is distributed among five test buses (Figure 1). As previously observed photovoltaic and distributed CCGT units have the most significant impact on the carbon cost with reduced system losses associated (Figure 8a). Especially both emissions and losses tend to decrease linearly with more important capacities installed. There is no major improvement when only controllable loads or energy storage are considered, even with greater capacities involved. Indeed, these two resources only allows shifting consumption thought time and they cannot directly participate to carbon reduction by themselves when a given amount of energy has to be consumed along the day. Note that the efficiency attached to storage units lead to increased losses even if the overall carbon cost is lower than in the base case scenario (Figure 8b). The DG resources siting is then investigated by distributing the same amount of DG capacity (30 MW) among different nodes. Twenty sets of buses are randomly considered -sets of one, three, five and ten buses. As previously observed the carbon emissions decrease proportionally to the losses when solar DG units are investigated (Figure 9a). However, the plant siting does not have any impact on the system performances with variation less than a ton (i.e. < 0.01 %) over the twenty simulated scenarios. It becomes a little more significant when allocation of decentralized CCGT units is studied. Especially distributing the capacity among several buses seems to correspond to slightly improved performances (around 1 %) (Figure 9b). A last set of simulations is performed while only varying the amount of controllable loads (i.e. number of loads and power level) as well as the duration of energy shifting. The results displayed in Table III show that the performances slightly increase with increased degrees of freedom. With more clusters of CL the improvement comes from more flexibility provided to the system. The control level (%CL) and duration have direct impact on the capacity of the DG resource. Note that the bus partition is done with a specific clustering method which is not presented here. The method developed in this paper is based on a typical environmental unit commitment with carbon minimization. Traditional constraints for generation are considered and a modified DCPF is introduced in order to represent the branch losses in the MILP formulation. The procedure allows testing different configurations for four types of DG resources with computational times tend to increase when more assets are considered -from a dozen of seconds to 5 minutes. Thus in the framework of optimal DG planning an outer loop that would require a great number of tested configurations is not a solution (e.g. more than 10000 iterations for evolutionary approaches). Further work should then focus on an appropriate method whose aim would be to find the best DG sizes, types and locations in a reasonable computational time. Especially clustering approaches will be considered to reduce the number of possible locations. Finally, it should be noted that the DG configurations tested in this paper correspond to extremely small improvements compared to the base case scenario with centralized generation (only 1 % CO2 reduction with 50 MW of small CCGT). In order to achieve significant improvement, a greater amount of renewable or distributed CCGT should be considered. The design procedure could then be used to determine prices policy that would encourage such development. Indeed, with its current implementation the study only refers to CO2 cost related to fuel consumption of the CCGT units [START_REF] Rigo-Mariani | A generic method to model CO2 emission Performances of combined cycle power plants for environmental unit commitment[END_REF]. Prices aspect such as energy rates, carbon tax and investment/operating costs should be introduced. 
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 123 Figure 1: Jurong Island Power System

  49 % in 2013 while considering both transmission and distribution losses. With 26116 tons of CO2 for the simulated day, the corresponding grid emission factor is 413 kg/MWh. It is in the range of the official value of 431 kg/MWh estimated by the Singaporean energy authority for the year 2015 [2]. The difference can be explained by the 5 % of energy generated form old dirtier oil power plants in Singapore which is considered in the official statistics.
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 536 Figure 5: IEEE 30 buses branch results-a) Power -b) Losses
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 7 Figure 7: Feeder load -a) S0, S1 and S2 -b) S3 and S4
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 8 Figure 8: Impact of DG size -a) CO2 emissions -b) Losses
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 9 Figure 9: Impact of DG site -a) PV -b) Distributed CCGGT units

TABLE I .

 I OBTAINED RESULTS FOR JURONG ISLAND

		Jump	UCLL1	UCLL2	UCLL2 +
		Shift	(1 bock)	(2 bocks)	AC OPF
	Tons of CO2	26119	26116	26114	26118
	Losses (MWh)	219	211	206	219
	CPU Time (sec)	63	6	8	13

TABLE II .

 II OBTAINED RESULTS FOR JURONG ISLAND SYSTEM

	Controllable load 1 of cluster k at bus b'					
	MW					
	Time					
	Controllable load 2 of cluster k at bus b' '					
	MW					
	CL k T					
	Time					
		S0	S1	S2	S3	S4
	CO2 (tons)	26114	26056	26055	26054	26029
	Losses (MWh)	4.3	3.0	2.9	2.7	1.8

TABLE III .

 III RESULTS WITH CL CLUSTERS (TONS OF CO2)

					IV. CONCLUSIONS
	%CL	CL T k	1 cluster (19 loads)	3 clusters (37 loads)	5 clusters (54 loads)
	10 %	2 h	26102	26078	26078
	30 %	2 h	26078	26018	26006
	10 %	3 h	26102	26077	26067
	30 %	3 h	26077	25970	25958
	10 %	4 h	26102	26077	26067
	30 %	4 h	26077	25981	25958