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Item: Judging from the number of calls we
have been receiving lately, there has
been a recent jump in the number of
users of DOE-2. It also appears that
there has been a shift away from the
use of the computer service byreaus to
in-house computer installations,
including conversions of the pregram
to cachines other than those currently
available from NESC and NTIS. we
would very much apireciate vour assis-
tance in filling out the short ques-
tionnaire on page I, so that we can
assess the currert DQE-2 user compun-
ity. Although your name and affilia-
ticn are not essential to this study,
it would be, If we wished toc contact
you regarding the information you have
supplied us.

Item: The Bug List has not made an appear-
ance in these pages for six months
now. The nusber of bugs in DOE-2.13
has rewmained sctable at 20 since last
April, and cherefore the listing pub-
lished in the Spring 1984 newsletter
1s still current. Either all of the
ptoblems have bsen uncovered (an
unlikely event), or users are not
reporting susplicious Tesults, unwork-
able inputs, and the like, Please do
contact us I1f you have encountered
suspecred bugs so that we can document!
and fix them. Exarple Ipput and out-
put are always helpful in cracking
down the prohlem.

There are a number of inquiries from Canada
concerning metrig verification report bugs,
wvhich we are currently tryving to verify.
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NEW ELECTRICAL RATE STRUCTURE IN ECONOMICS

In the upcoming 2.1C version of DOE-2, the
calculation of energy costs will be woved from
the PLANT sub-program to ECONQOMICS. New com-
mands and keywords have been added to encoz-
pass 4 wider variety of cariff schedules for
energy. Seasonal and time-gf-day rates <ill
now be accounted for and the existing block
rate structure has been upgraded. Maier
modificatiens have been made to enhance the
treatment of elecericicy, including acre
sophisticated demand ratchet pechaniscs and
the Congressionally-mandated options for rhe
sale of electricity to a utilicy.

Three new commands for all wtilities,
ENERGY-COST, CHARGE~ASSIGNMENT, DAY-CHARGE-
SCH, and one special command for electricircy,
COST-PARAMETERS, will now be used in ECONOMICS
for the calculation of energy costs. The
interactions among them can be summarized as
folloews: The most basic features of a tariff
— units, uniforw cost rates, monthly charges,
ete, = are all contained in an ENERGY-COST
coumand, which (s entered for each fuel cr
utility used in the previous PLANT run. The
CHARGE=-ASSIGNMENT is used primarily to specify
block-rate structures but can also be used Iov
siople uniforw rate charges on demands as well
as gnergy. CHARGE-ASSIGNMENTs can be refer-
enced by the ENERGY-COST command in two wavs,
directly or through a SCHEDULE. Seasonal and
time-of-day variations in rtariffs require the
use of a SCHEDILE (referenced in the ENERGY-
COST command for thar wtility or fuel). The
complex features of tariffs for electricity,
which include provisions for demand ratchets
and the sell-back of electricity to a utility,
are specified through COST~PARAMETERS.

For each utility or fuel used in PLANT, a
separate ENERGY-COST command will be ertered
in ECONOMICS. The ENERGY-COST comzand has
associated with it several keywords that are
similar to the old ENERGY-COST command {ound
in PLANT. For a simple energy cost calcula=
tion in which all units consumed are valued at
one rate, only the ENERGY-COST command and
assoclated keywords need be entered. For zore
complex tariffs, involving either blocks cr

time-of-use/seasonal features, two additiznal
new comzands, CHARGE=~ASSIGNMENT and Dav¥-

CHARGE-SCH, are required.

The CHARGE~-ASSIGNMENT command is used to
specify Dblock-style tariffs and bhas been
stryctured in a manner that Is roughly analo-
gous ta the LOAD-ASSIGIMENT command in PLANT.
That is, several keywords associated with this
coumand zay be entered morvre than once.

{Continued on page 2}
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CHARGE-ASSIGNMENTS for a utility or fuel
are raferenced through the ENERCY-COST command
in a manner similar te the way fn which the

LOAD=MANAGEMENT command in PLANT refarences
LOAD-ASSIGNMENTS,  directly osr throwgh a
schedule, In the latter case, cthe DAY~

CHARGE-SCH command 1s used in conjunction with
the existing SCHEDULE and WEEK-SCHEDULE com~
mands to reflect seazonal and time-of-day tatr-
1ff schedules, A total of six CHARGE~
ASSIGNMENTS may be entered for each ucility or
fuel.

The DAY—CHARGE-SCH comwmand accepts [nteger
values referring to hours and, for each cof
these groups of hours, up to two u-names of
CHARGE-ASSICNMENTs. In a manner similar to the
DAY-ASSIGN-SCH command wused 1in PLANT to
schedula LOAD-ASSIGNMENTs, DAY-CHARGE-SCH s
referenced by u-name 1in a WEEK-SCHEDULE <com-—
mand, which, {n turn, i{s referenced by a
SCHEDULE command. The u=name for the SCHEDULE
is referenced in the ENERGY-COST commsand by the
keyword ASSICN=-S5CHEDULE.

A final command, COST-PARAMETERS, {3 used
to specify the special features of tariffs for
electricity. These include the characteristics
of demand ratchets, where the billing demand
(kW) {s taken to be the larger of the highest
demand in the relevant pericd of the month and
a “ratchet” based on previous recorded demanda,
In  caleulating demand ratchers, previous
recorded demande can inelude months {n the
simulacion thar are "downstream™ of the current
one. That is, since DOE-2 run periocds are for
a single year, information from the entire year
zay be ysed {in calculating the ratchet for a
rarticular month. The COST-PARAMETERS cowmand
also accepts kevwords that specify how electri-
city generated on—-site (via diesel engines, gas
and steam turbines) 1s to be accounted for with
respect to interconnection with a utility.

The follewing two examples should give the
reader an idea of the power of this new capa-
biliey. Although we haven”t defined the indi-
vidual keywords in this discussion, their mean—
ing should be largely self-svident.

Although block rates have been
used for years, many of them now Incerporate
zarginal-cost and equity-related concerns. A
recent example of the latter, currently {n vide
usage apong residential customers, are inverted
hlock rates, The basic idea {3 that increased
corsumption 1s discouraged by {ncreased per
unit costs. A simple lnvercted block has three
tiers. In this example, the first 500 kWh of
consugption (sometimes referred tc am a “base-
“ine” or "lifeline” quantity) are charged at
$.2525 per kWh. All kWh consumed in excess of
500 xWh, but less than 900 kWh, are charged at
5.0725 per kWh, The third ti{er covers all con-
sumption In excess of 500 kWh at a charge of
$.1243 per kWh. There {s no seasonal variation
in thig rate and we will {gnore wminimum and
{ixed zmonthly charges in this exampple.

Example 1.

ENERGY-COST
RESOURCE = ELECTRICITY
ASSIGN~CHARCE = (INVBLK) ‘e

INVBLK = CHARCE-ASSIGNMENT
RESOURCE = ELECTRICITY
TYPE = ENERGY
BLOCK-RANGE = (500, 400, 10000000)

§ TEE SECCND ENTRY IS THE SIZE OF
§ THE “NEXT" BLOCK AND THE THIRD
$ 18 JUST SOME LARGE NUMBER §

BLOCK—CHARGE = (.0535,.0725,.1245) ..

Example 2: The most significant difference
between residential and commercial elecrricity
tariffs is the inclusion of demand charges.
Typlcally, the higheat meagured demand
{integrated over some fraction of an hour} ia
compared againat a “ratchet” chosen or calcu-
iated from agme set of previous highest demands
and the larger of the two is taken to be the
billing demand. These tariffs can alse {nclude
rate limitation features to ensure that wvhen
the charges are all totaled the sffective rate
per kWh is less than or equal to a specified
amount., We first present an example in which
the ratchet i3 taken to be 90 X of the highest
demand reccrded in the previous 12 moncths and
the charge is $12.00 per kw. There iz a flar
charge on energy of 5.05 per kWh but in no cir=-
cumstance can the effective rate {i.e., i{nclud-
ing the demand charges) exceed 5.07 per kwh.

ENERGY-COST
RESOURCE = ELECTRICITY
RATE-LIMITATION = .07
ASSIGN-CHARGE = (HIDEMAND) ..

HIDEMAND = CHARGE-ASSIGNMENT
RESOURCE = ELECTRICITY
TYFE = ENERGY
UNIFORM—CHARGE = .05
TYPE = DEMAND
UNIFORM—CHARGE = 12,00 ..

COST-PARAMETERS
DEM-RATCHET-T1 = HIGHEST
DEM-PERIOD-TI1 = WHOLE-YEAR
DEM—RATCHET~FRCLl = .90 .

We can alter this example by specifying the
rarchet to be the average of the two highesc
demands in in the previcus 12 simply by subsri-
tuting code-words in the COST-PARAMETERS com-
nand as follows:

COST-PARAMETERS
DEM-RATCHET-T1 = AVERAGE
DEM-PERIOD-T1 = WHOLE-YEAR
DEM-AVERAGE-MON1 = 2 .

The new report, ES-E, reproduced oa the
following page, demonstrates the detalled level
of reporting for the components of electricity
charges which will be available to the user {n
DoE=-2.1C,
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DEVELOPMENTS IN SYSTEMS

There are many variations on the basic HVAC
system types on the market. DOE-Z wmodels some
but not all of them and we try to periodically
add the most popular ones. In DOE-2.1C a model
of the powered induction unit {PIU} will bae
added to the DOE-2 SYSTEMS simulatien.

Historically, the variable air volume (VAV)
system has been the choice for energy conserva-
tion. The VAV supplies cold air te a zone in
proportion to the need for cooling, thus elim-
inating much of the need to reheat excess cold
air from constant volume systemg. A§ conserva—-
tion efforts have progressed, some deficiencles
in VAV systems have become apparent. One of
the easlest and most popular cooservation meas-
ures in buildinge is to reduce internal heat
gains, primarily by rveducing lighting levels.
With conventienal VAV systems, this can result
in very lew supply airflow rates, and little
air movement within the space, leading to con-
siderable occupant discomfort. The PIU is an

attempt to mitigare the deficiencies of the
traditional VAV system, and in addition save
energy by reclaiming excess heat from the

building core.

The FPIU system consilsts of a VAV terminal
bex with a small fan or blower that "induces™
{(i.e., draws) some agount of air from a ceiling

plenuc. The blower has twe functions:

1) Warm return alr from the ccre zone is
sent Iinto the plenus. The fan draws
this air from the plenum intc an exte-
rior zone requiring heat, thus conserv-
ing heating energy;

2y The fan provides increased air movement
when the VAV damper throttles the pri-
mary air down, providing Iincreased
cccupant comfort. In addition, pricary
air may be decreased belcow levels nor-
mally allewed 1in standard VAV svystems,
thus saving additional energy.

Two types of PIU are modelled ~ series and
parallel. In the series, &s shown in Fig. !l,
the fan draws air from both the primary (cen~
tral ystem} and secondary (plenum) air
streams. The proportion of primary to secon-
dary air 1s controlled by the VAV damper. The
amount of secondary plus primary alr is con-
stant, and the fan runs all the tise (when the
central fane are on) at constant speed.

The parallel fan unit 1s slightly more com-
plicared. As {8 shown in the schematie, Fig.
2, the fan draws alir frem the secondary air
stream only. In addicion, the operstion of the
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parallel blower i3 intermittent. A thermostat
set point regulates turaning the fan on and off.
When cacling is required, the fan is generally
off. Thus we have normal variable volume -
constant temperature ceooling wich the primary

air. 'when the primary air damper is closed and
the fan 1s on, we& have constant volume
ventilating/hearing. Therefore, total air to

the zone is not a constant, as in the seriea
cases, The parallel unit may use lesa energy
than a series unit, since the fan runs only
when needed.

r” [E ) = Secongary

g =
N Preary 3
LT 1N s 341 ¥
Figure 2. Parallel PFIU
4s originally designed, DOE-2 wmodelled

zones as convectively Iindependent. The excep~
tion was plenums — air could be supplied from
a plenum to a conditioned zone, or rerurned
through a plenum. Heowever, air could not be
taken from 3 conditicned zone and used as sup-
ply air in another. With the PIU systeam, this
is now cthanged., One 2one is denoted the supply
or "induced air” zone. Return alr from cthis
zone 1s sent chrough the plenum {or a ducc) and
is ysed as parrt of the supply air for a zone
with a PIU box. The induced air zone is simu-
lated first. The return air temperature i3
calculated in the wvysuval way. The returno air
from :his zone is then avallable at this
“return” temperature to be used as part of the
supply alr fer the FIU zones. Frequently the
agount of return air availlable from the core
zone is not sufficient to supply all the secon-
dary air needed for the exterior zonea. In
this case, the extra secondary air Iis induced
from the sxterior 2ones themselves.

For parallel PIUs, cone of the equations
relating the space temperature to the zone
axtracticn rate gust be altered. The tempera~
ture and the extraction rate are obtained from
two equatlons. The first, the temperature
deviation equation, relates the remperature to
the extraction rate through the air temperature
welighting factors. The welghting factors are
characterlstic of the room geometry and con-
structicn and basically give the response of
the rcem to a change in air temperature. The
secord equation Is the thermostat equatioen;
this relationship is notzally assumed to be
riecewlise linear. There {5 a heating acticn
“and, & iead Yand, and a cocling action band.

-t—

For the parallel PIV, the dead band or the
cooling band is divided in two by the blewar
thermostat setpeint — the extraction rate with
the fan on {s different from when the fan tis
off. Due to the increased complexity of the
thermoatat eguation, addicional {terations
between the twe equations are necessary to
arrive at a solution for rche hourly average
texperature and the extrsction rate.

Heat Recovery from Refrigerated Case Work

We have found that almest all new food
stores are being built with a system Lo recover
heat from the refrigeration systems that serve
the food display case work.

A nev set of keywords will be added to the
P8Z (Packaged Single Zone) system to allow rhe
simulation of refrigeracred case wvork, with or
without heat recovery. The model can also ke
used to simularte ice rinks with or without heat
recovery. The user can specify refrigeraced
case work up to three different temperature
levels and specify a corresponding lead fot
each level. The temperature levels reflect the
evaporator temperatureg of different types of
display cases for various products such as
frozen foods, meats, dairy products, and pro-
duce.

Additional HVAC Systems Erhancements

The addition of the FIU system will be a

major enhancement to the 2.1C version of the
program. However, there were three smaller
items, requested by users, that will also be

added: Commercial Afir/Air Heat Pumps, updated
curves for Packaged Afir Conditioning lnits and
Coils, and Optimum Fan Start.

Commercial Air/A{r Heat Pumps normally are
furnished with ourside alr economizer
cycles. These upits could not be simulated
in previopus versions of DOE-2, whereas they
now will be. The heat pump model will also
be expanded so that other types of supple-
mencal heating, such as gas furnaces, can
be simulated.

1.

In 1980, vhen we first added the Packaged
Alr Conditioning Units, we had & gregt deal
of diffi{culty in getting part lead perfor-
mance curves from the manufacturers of this
type of equipment. Since chat time, we
have collected better part lcad informaticn
which has made it possible to replace the
old curves with new ones.

Many byildings now have energy management
contrel syscems (EMCS) which allow the
start-up of fans to be delayed until what
is called Gptimum Start time. This {3 an
energy conservation wmeasure that, because
of 1its pepularity, will also be added to
DCE~Z.
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