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Abstract: Analysis for the energy optimization of 5 centers of distribution (COD) of dairy products
that includes measures of saving and efficiency and implantation of photovoltaic solar energy that
solves the problem of the instability of the electric network of the country.
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1. Introduction

The electricity sector in the Dominican Republic has traditionally been a limitation of the
country’s economic growth. A prolonged electric crisis and inefficient corrective measures cause
regular blackouts, high operating costs of distribution companies, large losses (including theft of
electricity through illegal connections), high retail rates to cover these inefficiencies, low invoice
collection rates, a significant fiscal burden for the government through direct and indirect subsidies,
and very high costs for consumers, since many depend on a very expensive self-generated
alternative electricity.

The evolution of the national electricity tariff during the last years has suffered an increase close
to 350%. While the cost of electricity in 2002 was set at 2.14 RD $/kWHh, at the end of 2013 it stood at
8.41 RD $/kWh. In that period of time, the price of diesel suffered an average annual increase of
24.21%, and that of electricity an increase of 14.75%.

The Dominican Republic enjoys a tropical climate throughout the year. Depending on the
location, the average annual temperature ranges between 25 °C and 31 °C. The coldest season occurs
between November and April, and the warmest between May and October.

Bearing in mind that the activity object of this study is clearly marked by the refrigerated
storage of dairy products and their derivatives, the climatic factor can be highlighted as the most
relevant at the time of performing the energy analysis.

Energy costs follow a homogenous trend throughout the year. This is due to the country’s
tropical climate that creates temperature variations of little significance, which increase slightly in
the summer months, which in turn coincide with the highest energy billing periods.

Virtually all of the primary energy consumption comes from the electricity of the national
network and from diesel generated by combustion in generators. Only a small part goes to steam
generation in the distribution center located in Santiago.
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2. Methodology

The study is carried out with the data provided by the internal accounting department
(production and energy consumption), with the information obtained during the visits of the
facilities which have been complemented with energy invoices and electricity analysis carried out in
each of the centers under study. Santiago, San Isidro, La Romana, Azua and Pimentel.

In each one of them, the values corresponding to the generation and consumption of electricity
steam, cold and compressed air, have been analyzed.

3. Analysis of Consumes and Energy Costs

The global average value of all the centers is considered, given their repeatability. The monthly
energy costs and consumptions corresponding to the year under study are shown in Figure 1. The
consumption of diesel electric generation refers to electric energy production during periods of lack
of power supply from the electric national network.
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Figure 1. (a) Energy costs (b) Energy consumption.

Of the global energy invoice, 71% of the cost corresponds to the electric energy purchased from
the electric network, 28% to the cost of diesel fuel for electric generation, which represents only 15%
of the energy generated and 1% to the gasoil expense for steam generation in the center of Santiago.

In the visits made to the facilities, it is observed that the electric efficiency of the diesel
generators were, in general, less than 20%. This is the main reasons for the electric self-generation
with these devices to not be profitable.

For the power levels of the current installations, the generation efficiency should be close to
45%, and taking into account the partial load operations, they should not be less than 40%.

The data of the global invoices of all the centers are presented in Table 1.

Table 1. Data of energy invoices of all the centers.

Diesel Electricity Diesel Steam Electricity Total Sel fﬂz:;;tion ]z::x:::;(l Diesel Electricity

GenerationRD$  Generation RD $ RD $ RD$ KWh KWh Generation RD $
13 March 780,958 17,415 1,895,952 2,694,325 33,926 210,133 780,958
13 April 804,410 17,319 1,783,237 2,604,966 35,024 196,980 804,410
13 May 914,815 17,669 1,842,914 2,775,398 40,237 207,820 914,815
13 June 859,028 19,382 1,908,864 2,787,274 34,883 214,980 859,028
13 July 893,537 19,583 1,927,264 2,840,383 35,175 216,500 893,537
13 August 881,625 17,258 1,925,002 2,823,885 37,514 217,280 881,625
13 September 713,159 17,316 1,947,661 2,678,136 30,342 218,080 713,159
13 October 777,900 17,142 1,819,404 2,614,446 33,334 203,540 777,900
13 November 493,141 16,991 1,844,277 2,354,409 21,300 207,629 493,141
13 December 688,422 17,129 1,903,645 2,609,195 30,002 213,960 688,422
14 January 572,763 17,186 1,767,465 2,357,414 24,974 192,280 572,763
14 February 644,303 17,449 1,808,709 2,470,461 27,660 203,200 644,303

Total 9,024,058 211,838 22,374,394 31,610,289 384,372 2,502,382 9,024,058
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4. Distribution of Energy Consumption

Within the distribution centers, the energy consumption by order of importance is the cold
production of the refrigerating chambers (43%), the air conditioning (21%), the electrical power
(22%) and the lighting (14%).

Within the power consumption, the loading of refrigerated trucks, water pumping and offices
takes on special importance. In lighting we can distinguish the interior (chambers, industrial ships,
offices) and the exterior.

For the analysis of the cold consumption and generation of each equipment, the following
characteristics have been considered: cooling capacity, efficiency or performance, electric power
consumed, estimated hours of operation, and estimated total consumption. The total values
associated with the consumers considered are indicated in Figure 2.
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Figure 2. (a) Distribution of total electric consumers (b) Distribution of total electric costs by consumers.
5. Savings and Efficiency Measures

5.1. Improvements in Electrical Generation

In order to reduce the high cost of electricity generation by diesel generators as well as the
consumption of electricity from the network, a technical and economic study has been carried out to
install a Photovoltaic Central (PhC) in mode “Net Measurement” according to the “Regulation of
Net Measurement” of July 2012 of the Dominican Republic [1]. The PhC proposed for the
distribution center in Santiago for example, would reduce the network power consumption by 10%
(Figure 3).
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Figure 3. Electric consumption and annual photovoltaic generation in the COD of Santiago.

The PhC has a power of 80 kW, is composed of 320 polycrystalline modules of 250 W and
generates annually 16 MWh. The usable area necessary to locate the modules considering the
characteristics of the roof has been estimated at 750 m>.
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During the first years of operation of the PhC, the savings generated in the electricity invoice is
used to offset its amortization and maintenance costs.

It is recommended to use the total tax credit of 40% according to Law 57-07 for the accelerated
payment of the Photovoltaic Power Plant [2].

In this way and assuming financing of the total cost at 7% interest, it would be amortized in less
than 5 years without any cost.

5.2. Improvements of Cold Generation Equipment

Replacement of piston equipment for increasing cold needs for high efficiency centrifugal
chiller type. Condensers for air conditioning are located on the roof of the building very close to each
other, which creates an overheated air bag on the equipment that lowers the efficiency; To avoid this
inconvenience the condensers will be relocated to improve air circulation, so that without reducing
the air required, a greater dissipation of the hot air in the condensing units is achieved [3].

5.3. Improvements in Refrigerating Chambers

The engine room will be located as close as possible to the cold demand zone to avoid losses
and to decrease the initial investment. In the case of sets of chambers, they will be installed in blocks,
to achieve the maximum of common walls to save on insulation and operating costs due to heat
losses. Other improvements are: optimize orientation, avoid or minimize transmission thermal
losses by painting with light colors and counteract the radiation by a good ventilation and increase
the insulation thicknesses [4].

5.4. Other Improvements

Change of inefficient luminaires by LED technology and installation of automatic presence and
shutdown detection systems. General recommendations and culture of saving for reduction of
consumption of air conditioning in offices will also be proposed.

6. Conclusions

These measures could represent savings in the energy invoice between 36% and 60% depending
on the horizon of improvement available in each of the studied centers, with investment returns
ranging from 1 to 8 years depending on the type of investment measure derived from business
strategies. Table 2 shows the savings obtained in the center of Santiago and the summary of all COD.

Table 2. Savings and efficiency measures in Santiago and all COD.

kWh RD$ RD$/kWh
Annual Expenses SANTIAGO 1,458,792 14,049,288 9.6
Savings and Efficiency Measures Investment  Savings Investment
(US$) (US$) Return (Years)
Change of cold production systems: new compressors 65,238 49,085 1.3
relocation and cleaning of condensers, improvement of insulation ) 2906 )
Refrigerating of refrigerant pipes, de-flushing systems in evaporators, etc ’
chambers Improvement of the insulation of refrigerating chambers
Improvement in current chambers 330,325 76,900 43
New refrigerated product chamber 576,936 76,900 7.3
,A_lr . General improvement of facilities - 16,869 -
conditioning
. Implementation of frequency variators in water pumping 11,000 4506 24
Electrical systems
power General recommendations and savings culture for office ) 1835 )
consumption reduction
Lighting Changing i.nefﬁcient luminaires with LED te?chnology and 98,157 24,004 41
automatic presence and shutdown detection systems
Photovoltaic Solar photovoltaic generation. Installation of 80 kW on deck 124,012 26,599 4.7

solar
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generation
122,988 37%
Center Investment  Savings Investment
(US$) (US$) Return (Years)

Santiago 124,012 299,695 1.3-7.54.7)*

Azua 264,634 63,820 1.6-7.2(4.7)*

San Isidro 551,594 130,618 1.3-7.8 (4.5) *

La Romana 420,400 100,534 1.4-75(4.4)*

Pimentel 265,774 61,521 1.8-7.4 (4.5)*

* Photovoltaic solar central.
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