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1. The energy demands 
– typical day

Comparing single and multiple engines COG/Trigeneration systems 
operating at electrical dispatch attending a typical day energy demands
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ENGINEERS NEWSLETTER - 02

At this COGMCI Engineer’s Newsletter 
the COGMCI software is used to 
evaluate the benefit of multiple 
engines (two or three) against single 
engine cogeneration / trigeneration 
systems and discuss some of the 
influences that affect the results. To 
develop the analysis hypothetical 
demand curves are assumed 
(electricity, hot water and chilled 

GETTING THE MOST FROM A CHP DESIGN & ANALYSIS

Figure 1 reveals the electricity demand profile, figure 2 the 
cooling load profile and figure 3 the hot water demand 
profile – the assumed curves represents a typical day.

In the electricity demand profile (figure 1) all the building 
and/or process electricity demand are included, even the 
electricity used at the electrical chillers to meet the cooling 
load (figure 2). The electrical chillers COP is assumed to 
be 3.5.

Sanitary use hot water demand (figure 3) is assumed to be 
attended by fueled boilers.

water) – typical day. The cog/trig 
systems are simulated operating at 
electrical dispatch – engine produced 
electricity match the electricity 
demand. 

At COGMCI when the engine CHP 
system is selected to operate at 
electrical dispatch, two and/or three 
engines share the electricity demand 

and operates at the same load. 
COGMCI software limits the engine 
load to 50%, since engines have their 
best performance at higher than 50% 
load. In multiple engines systems 
operating at electrical dispatch one 
engine is turned off if it loads is lower 
than 50% and turned on if the other 
engine load is 100%.

Figure 1 – Electricity demand

Figure 3 – hot water demand (sanitary use)Figure 2 – Cooling load
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Figure 4 – the trigeneration scheme
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2. Trigeneration scheme

The trigeneration scheme simulated at this study is revealed at figure 4.

Engine jacket energy is recovered by the hot water primary circuit (PC). Water leaves the engine [flow 2] and passes in an 
exhaust gas heat exchanger (EGHE) where it is warmed [flow 3] prior to enter the hot water single effect absorption chiller. 
After leaving the absorption chiller [flow 4] PC flow passes through HE1 warming the sanitary use hot water that passed at 
HE2 [flow 12-15]. Engine intercooler energy is recovered in the secondary circuit (SC) at HE2. The energy is used to warm 
sanitary use hot water. HE2 and HE1 are in a series arrangement.

Sanitary use hot water demand is revealed at figure 3. Sanitary use hot water is warmed from 22.2oC to 45oC recovering 
energy from the engine SC (HE2) and from the engine PC (HE1).

The EGHE is designed to provide energy to the PC flow leaving the engine. It is designed to achieve an approach point of 
16.6oC with flow 2.

EGHE approach point = temperature flow 20 – temperature flow 2 = 16.6oC

The hot water absorption chiller is selected to recover the PC and exhaust gas energy and to produce chilled water at 7.2oC 
with cooling water entering the condenser at 29.5oC. A COP close to 0.8 is defined for the absorption chillers.

Main design parameters:

• Engines data utilized at this study are revealed at table 1.

• Hot water single effect absorption chiller COP is defined as 0.8 - design condition.

• HE2 design data are 22.2oC to 40oC.

• HE1 design data are 30oC to 45oC. 

• HE2 and HE1 are in a series arrangement. 

• Lower engine load is set to 50%.

• EGHE approach point is 16.6oC.

• Engines operates at electrical dispatch.

• Chilled water at 7.2oC.

• Electrical chillers COP is 3.5.

The engines performance data utilized in this analysis are shown at table 1. The data were obtained with a Caterpillar dealer. 
The part load performance curves were built using polynomial regression and are inserted in the software.



3Sisterm Newsletter - November 2019

Table 1 – engines data

Table 2 – cases 1 to 3 – thermodynamic data

Heat exchangers are designed using the NTU method. The engine side (primary and secondary circuit) flow are the individual 
engine flow multiplied by the number of engines.  When the number of engines in operation are lower than in the design 
condition, the engine side flow is adjusted to the number of engines in operation. Sanitary use hot water demand flow is as 
defined in the PROFILE DATA screen (figure 3) – flows HE1 and HE2 (flows 12 to 15).

• Case 1 is formed by one CG170-12 engine (engine 1).

• Case 2 is formed by two CG132-12 engine (engine 2).

• Case 3 is formed by three CG132-8 engine (engine 3).

Figure 5 – heat exchangers design with two and three engines systems

Table 2 reveals some thermodynamic data of cases 1 to 3 at design condition.

At the COGMCI software, two and three engines systems are simulated as individual trigeneration systems accordingly with 
figure 4. It means that in a two engines system there are two independent cog/trig system that can be on or off accordingly 
with the chosen operational mode and engine load.

HE1 and HE2 are simulated as individual heat exchangers with the engine side (primary and secondary circuits) flow being 
joined prior to entering HE1/HE2 and divided at the exit, as revealed at figure 5.
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Table 3 – electricity, chilled water and hot water (each engine)

3. Simulated results

Table 3 reveals the engine energy recovery when operating at full load – design condition energy balance. Line 1 reveals the 
energy recovered from the engine secondary (SC) circuit. SC circuit energy is used to warm sanitary use hot water at HE2. Line 
2 reveals the engine jacket water energy (PC) that is used to warm sanitary use hot water at HE1. Line 3 reveals the absorption 
chiller capacity. Line 5 reveals the engine net power (parasitic power is assumed as 3%). Line 6 reveals the total engine energy 
possible to be used and the final EUF.

Figure 6 reveals the number of engines in operation for the cases 1 to 3. At case 1 the engine is all the time operating. At 
case 2 one engine operates at hours 0 to 7 and 21 to 23, at the remaining hours two engines are in operation. At case 3 one 
engine operates at hours 1 to 4 and 23, two engines operate at hours 5 to 11 and 19 to 22 and three engines operates between 
hours 12 to 18.

Figure 6 – NEO – number of engines operating

Figure 7 – engine load
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Figure 7 reveals the engines load. Case 1 (single engine) operates at 50% load between hours 0 to 7 and 20 to 23. Electricity is 
exported to the grid since the engine load is limited to 50%. At hours 8 to 19 the engine operates at electrical dispatch following 
the corrected electricity demand curve (figure 8). The corrected electricity demand curve is the electricity demand profile (figure 
1) less the avoided electricity chiller consumption due to the absorption chiller use (electrical chillers COP is 3.5).

At case 2 between hours 0 to 7 and 21 to 23 only one engine is operating and it loads is rising when the electricity demand is rising 
(hours 0 to 7) and reducing when the electricity demand reduces (hours 21 to 23). Between hour 8 to 20 two engines are working 
and the electricity demand is being shared. At hour 16 both operates at 100% load. 

At case 3 one engine operates until hour 4 with a rising load between 78% (hour 0) and 92% (hour 4). Between hour 5 to 11 two 
engines shares the electricity demand. At hour 12 two engines are not able to reach the electricity demand and 3 three engines 
needs to operate. Three engines operate until hour 18. Two engines operate between hours 19 to 22 and one engine at hour 23.

Figure 9 reveals the cooling load and the absorption chiller production. Case 1 has the higher absorption chiller production since 
the engine load is limited to 50%. Cases 2 and 3 have their absorption chiller production as a function of how many engines are 
operating and how is the engines load. Between hours 15 and 18 the cooling load is met by the absorption chillers at cases 1 to 3 
– absorption chiller operates at part load. At the hours the cooling load is not met by the absorption chillers, the electrical chillers 
should operate to complement the chilled water demand.

Figure 9 – cooling load and absorption chiller production

Figure 8 – corrected electricity demand
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Table 4 - Results Summary

Figure 10 reveals the EUF. EUF is the sum of the fuel energy 
converted to electricity, chilled water (absorption chiller) and 
hot water. It’s a function of the demands (figures 1-3), the engine 
CHP system design condition (tables 2 and 3), engine load part 
load performance, etc. All the cases have similar results. Between 
hours 14 and 18 a fraction of the PC energy is not recovered in the 
absorption chiller since the cooling load is met and the absorption 
chiller operates at part load (bypassing PC flow). At these hours 
the sanitary use hot water demand is being attended – cases 2 and 
3 have almost coincident results.

An average engine load of 61.9%, 68.7% and 78.9% was calculated 

for cases 1, 2 and 3 respectively.

The choice between single or multiple 
engines depends on several factors 
(I) energy demand curves (ii) engines 
design performance data, (iii) engine part 
load data, (iv) electricity exporting and 
importing rules, (v) engine constraints, 
(vi) design conditions, (vii) electrical 
grid reliability, (viii) engine CHP design 
energy balance, etc.

At this study all solutions produced 
good results. Table 4 reveals the main 
simulated results. Line 1 reveals the daily 
electricity consumption and line 2 the 
daily corrected electricity consumption 
(avoided electricity consumption in the 
electrical chillers due to the absorption 
chiller is taked into account). Line 3 
reveals the engines produced electricity. 
Since case 1 (engine 1) was limited to 
operate with a load lower than 50%, the 
daily analysis revealed that electricity 
is being exported to the grid (line 4 of 
table 4). Cases 2 and 3 needs to import a 
few kWh of electricity.

Hot water demand is not met by any 

4. Conclusions
case and additional energy should be 
used to warm sanitary use hot water to 
the design condition (lines 5 to 8). Case 2 
produced more hot water since it works 
with higher temperature at the SC and 
has more energy available at HE1 (flow 4 
temperature is close to 2.4oC above flow 
7 temperature – table 2).

A more detailed result analysis is 
not revealed at this study but can be 
checked in the COGMCI software results.

Despite engine 1 has a higher nominal 
power and the lower average operational 
load, the average thermal efficiency is 
higher than cases 2 and 3 (line 10 – table 
4), since engine 1 has a higher thermal 
efficiency (table 1 – 43.4%). We could 
expect that multiple engines operating 
at higher loads would have a higher 
average thermal efficiency, but the 
defined study assumptions don’t lead to 
this result.

EUF are very similar in the design mode 
(table 3) and in the simulated results 

(figure 4). In the simulated results case 1 
revealed a higher EUF mainly due to the 
higher engine thermal efficiency. 

Single engine systems operating at 
reduced load can have PC temperatures 
below the required by the absorption 
chiller. Part load operation needs a 
detailed analysis. 

Single and multiple engines cog/trig 
systems can operate with high efficiency 
and met design and strategic goals. 
Better solution needs a detailed analysis 
and a compromise between the project 
goals. Single engine usually has a lower 
initial investment. Multiple engines can 
partially attend the energy demands at 
engines overhauls and failures.

To simplify the analysis developed at 
this study, one day (24 hours) demand 
profile curves are utilized, but typical 
days analysis representing the different 
annual demands are recommended for 
practical decisions.

Figure 10 – Energy utilization factor


